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报告提纲
1）暗能量

SDSS-III新数据，宇宙学参数新结果

。。。Gongbo Zhao, arXiv:1203.6616

Quintom-Galileon 理论:  On dark energy models of single scalar field

Mingzhe Li et al,    arXiv:1112.4255 [hep-th] 

Bouncing Galileon Cosmologies , T, Qiu et al,  JCAP 1110:036,2011 

2）中微子宇宙学

宇宙学中微子质量限;    中微子暗能量

Baryo/Leptogenesis

3）暗物质:   Cold or Warm WIMPs
CosRayMC: a global fitting method in studying the properties

of the new sources of cosmic e$^{\pm}$ excesses    

Jie Liu et al,  Phys.Rev.D85:043507,2012

Gamma-rays From Warm WIMP Dark Matter Annihilation

Qiang Yuan, Yixian Cao, Jie Liu, Pengfei Yin, Liang Gao, Xiao-Jun Bi, Xinmin Zhang

e-Print: arXiv:1203.5636 [astro-ph.HE] 



暗能量：迷，什么都不知道？

存在：一定

Candidates：cosmological constant？

Dynamical 。。。。？

Nobel Prize; precision cosmology;

弱电对称性破缺：迷，什么也不知道？

存在：W, Z,粒子质量，Universality

Candidates： Higgs, Two-Higgs, SUSY,

Composite Higgs, Technicolor….

Nobel Prize: Weinberger…

‘t Hooft, Veltman….



过去十年“宇宙学”研究进展

1）本世纪前十年十大科学成就：精确宇宙学
本世纪首个十年即将结束之际，《科学》杂志审视了

进入新千 年以来的那些改变科学面貌的进步，评选出了十项科学成

就作为“本十年卓见”（Insights of the Decade）。

精确宇宙学：在过去十年中，研究人员非常精确地推测出宇宙物质的成分

是普通物质、暗物质和暗能量。同时，他们阐述了将这些成分组成宇宙的方法。这些进展

将宇宙学转变成为一种有着标准理论的精确科学，而留给其他理论的活动空间已十分狭小。

(注：WMAP 贡献巨大！中国科学家贡献不可忽略！)

-------对暗能量宇宙学研究的直接肯定 ！

2）2011年度诺贝尔物理奖：

宇宙加速膨胀
ICFA 2011” meeting

CERN,  3-6 October, 2011

与暗能量有关吗？

YES! （暗能量领域的第一个诺奖？）

十年的“精确宇宙学”成就了今年的诺奖！！！



今年诺奖与暗能量有关吗？



SN=〉加速？ (CMB, LSS同样或更重要!)



union2.1 580 SN Ia, arxiv: 
1105.3470 

\rho_DE 确定很好，
但w误差大。

====〉存在证据（诺奖）
性质？？

（ w 常数，动力学？
修改引力？。。。）

十年精确宇宙学成就了2011年的诺奖



诺奖颁发的“合理与不合理”
“不合理”：之后大量的工作，CMB,

LSS, SN 等 ===〉
精确宇宙学？

“合理”：原创，冒‘风险’
如果没有证实怎么办？

诺奖：原创 +“运气”
（98年: SN， oscillation Neutrino;

2011年：中微子超光速？？
理论：新思想，计算正确
实验：新设计，系统误差控制 ）



Current status in determining the EoS of dark energy

G. Zhao and X. Zhang

Phys.Rev.D81:043518,2010

Results:

1) Current data has constrained 
a lot of the  theoretical  models;

2)  Cosmological constant is 
consistent with the data;

3）dynamical models are not 
ruled out;  quintom scenario
mildly favored；

WMAP7  E. Komatsu et al.
e-Print: arXiv:1001.4538

SNLS3，
e-Print: arXiv:1104.1444

G. Zhao, H. Li, E. Linder, 
K. Koyama, D. Bacon, XZhang

arXiV: 1109.1846 Sep 2011
with WMAP7+Union2.1+BAO+…











• 发件人： Komatsu Eiichiro <komatsu@astro.as.utexas.edu>

• 时 间： 2010年02月26日 13:34:27 (星期五) 

• 收件人： xmzhang@ihep.ac.cn

• 抄 送： Gong-Bo Zhao, Junqing Xia

Dear Xinmin, Thank you for your message. Hope is all is well with you. Many thanks 
for sending me the references and I apologize for my oversight - these papers should 
have been cited and they will be cited at the next round of revision. Sorry again. 

Best regards, Eiichiro

Dear Eiichiro, 

We have read your WMAP7 paper (arXiv:1001.4538) with great interest.  I wish to discuss with you 
on the global fitting of the parameters  ( w_0, w_a) for the equation of state of the dark energy. As 
we all  know,  the traditional CAMB/CosmoMC codes suffer from the problem of the  divergence of 
the dark energy perturbation when w crosses over -1. In your paper this year for the WMAP7, you 
have taken the approach from the paper by Fang, Hu and Lewis's paper in 2008. I wish to point 
out  to you that several years earlier than their paper we wrote a paper  (see paper 1) enclosed 
below) with a detailed description of the  method how to deal with this problem with w across -1. 
With our  method we performed in 2005 a global analysis with WMAP1 (see the paper 2) enclosed 
below), and have kept updating our results with  WMAP 3-year and 5-year data (please see the 
paper 3) and 4) enclosed  below). I recall that we discussed some of these issues before and I 
wish to remind you in this email. And comments and suggestions, please let me know. 

Thanks,   Xinmin



They are widely used in fitting EoS of dark energy instead of full CMB data
Only handling the background  cosmological parameters without calculate 

perturbations
Be care of the models you are fitting with !!

WMAP5 result E. Komatsu et al.,
Astrophys.J.Suppl.180:330-376,2009



ON USING THE WMAP DISTANCE INFORMATION IN CONSTRAINING 
THE TIME-EVOLVING EQUATION OF STATE OF DARK ENERGY

Hong Li,1 Jun-Qing Xia,2 Gong-Bo Zhao,3 Zu-Hui Fan,1 and Xinmin Zhang2
The Astrophysical Journal, 683: L1–L4, 2008 August 10



APJ Lett.  683, L1, 2008



• 1）Feng, B., Li, H., Li（李虹）, M.-Z., & Zhang, X.-M（张新民）. 2005, Phys. Lett. B, 620, 27

• 2）Feng, B., Li, M., Xia, J.-Q., Chen, X（陈学雷）., & Zhang, X（张新民）. 2006, 

Phys. Rev. Lett., 96, 

• 3）Li, H.（李虹）, Xia, J., Zhao, G.（赵公博）, Fan, Z.（范祖辉）, & Zhang, X（张新民）. 

2008, ApJ, 683, L1 

• 4）Xia, J.-Q., Li, H.（李虹）, Wang, X., & Zhang, X.（张新民） 2008a, A&A, 483, 715

• 5）Xia, J.-Q., Li, H.,（李虹）& Zhang, X.（张新民） 2010, Phys. Lett. B, 687, 129 

• 6）Xia, J.-Q., Li, H.,（李虹）Zhao, G.-B.（赵公博）, & Zhang, X.（张新民） 2008b, 

Phys. Rev. D, 78, 083524 

• 7）Xia, J.-Q., Li, H.,（李虹）Zhao, G.-B.（赵公博）, & Zhang, X.（张新民） 2008c, 

ApJ, 679, L61 

• 8）Xia, J.-Q., Zhao, G.-B.（赵公博）, Feng, B., Li, H.（李虹）, & Zhang, X.（张新民）

2006, Phys. Rev. D, 73, 063521

• 9）Zhao, G.-B.（赵公博）, Xia, J.-Q., Feng, B., & Zhang, X.（张新民） 2007, 

Int. J. Mod. Phys. D, 16,1229 

• 10）Zhao, G.-B.（赵公博）, Xia, J.-Q., Li, M., Feng, B., & Zhang, X（张新民）. 

2005, Phys. Rev. D, 72, 123515 

• 11）Li, M.（李淼）, Wang, T., & Wang, Y. 2008, J. Cosmol. Astropart. Phys., 

• 12）Fu, L.（傅利平）, et al. 2008, A&A, 479, 9 

• 13）Zhang, P.（张鹏杰）, Liguori, M., Bean, R., & Dodelson, S. 2007, 

Phys. Rev. Lett., 99, 141302



• 发件人： Reynald Pain <reynald.pain@lpnhe.in2p3.fr>

• 时 间： 2011年04月12日 21:34:04 (星期二) 

• 收件人： xmzhang@ihep.ac.cn

• 抄 送： Charling Tao

Dear Xinmin, Thanks for your email. Yes I remember our conversation on this. My apologies for 
our oversight. The paper is still in he referring process. I am forwarding your mail to the main 
authors and we'll make sure this is corrected. 

Best, Reynald

Dear Reynald, 

I just saw your new paper on the "SNLS3: Constraints on Dark Energy Combining the Supernova Legacy Survey 
Three Year Data with Other Probes (arXiv: 1104.1444)".  I like it very much and fully agree with you on the point 
you made on the importance of  the global analysis with the CosmoMC package. As you know, when working with 
the general dynamical dark energy especially when w crossing -1, the traditional CosmoMC will not work and the 
numerical calculation gives an divergent result. This requires a new part to the CosmoMC. In your paper you have 
taken the approach from the paper by Fang, Hu and Lewis's paper in 2008. I wish to point out to you that several 
years earlier than their paper we wrote a paper  (see paper 1) enclosed below) with a detailed description of the  
method how to deal with this problem with w across -1. With the first year SNLS, we in paper 2) have done a 
global analysis on the determination of the dark energy equation of state. In papers 3) and 4) with Charling and 
others we have performed the analysis  with the lateast data at that time.  I recall we had some discussions during 
your past visits in China and wish to remind you again of these points here. It happens sometime that the original 
papers are missing in the reference. As another example, I enclose the email exchange with Komatsu of the 
WMAP collaboration on this point.  Any comments and suggestions, please let me know. Thanks! 

Best, Xinmin



Fitting w1--w20 with WMAP7 + H(z),+Union2.1 + BAO (SDSS DR7)
Gongbo Zhao et al (in preparation) 



on modified gravity
a) GR works well;
b) Background

evolution: 
----〉Quintom behaviour



• 自2004年，w 越过 -1研究形成热潮 ！？

（Quintom，Phantom divide, Crossing w=-1 ….）

i）理论上的兴趣

（no-go 定理）

ii）拟合采用的参数化 -----------------〉

(解决扰动发散难题！）

iii) 拟合结果：

W或 MG 中有效W ==== best fit: 越过-1

iv）宇宙演化作为整体考虑：

现在的大爆炸宇宙模型---》奇点

Quintom bounce nonsingular cosmology

-------〉循环宇宙



引用：122次



NO-GO Theorem

• For theory of dark energy in the 4D Friedmann-Roberston-
Walker universe described by a single perfect fluid(1) or a 
single scalar field with a lagrangian of (2), which 
minimally (3) couples to Einstein Gravity (4), its equation of 

state cannot cross over the cosmological constant boundary. 
Feng, Wang & Zhang, Phys. Lett. B 607:35, 2005,  astro-ph/0404224 ;

Vikman, Phys. Rev. D 71:023515, 2005,  astro-ph/0407107 ;

Waye Hu， Phys. Rev. D 71:047301, 2005;

Caldwell & Doran, Phys. Rev. D 72:043527, 2005; 

Zhao, Xia, Li, Feng & Zhang, Phys. Rev. D 72:123515, 2005;

Kunz & Sapone, Phys. Rev. D 74:123503, 2006;        

……

Xia, Cai, Qiu, Zhao, & Zhang, Int.J.Mod.Phys.D17:1229,2008

To  realize Quintom, one of the conditions should be violated



1) Two scalar fields:

2) Single scalar with high derivatives:

3) Modified Born-Infeld action:

)( 0



ee

V
V






Quintom 模型例子



Galileon
Theories

Galileon Models: Lagrangian with higher derivative operator, 
but the equation of motion remains second 
order, so the model can have w cross -1 
without ghost mode.

Basically 5 kinds of Galileon model:

But can be generalized…

C. Deffayet et al., Phys.Rev.D79:084003,2009.
A. Nicolis et al., Phys.Rev.D79:064036,2009;

C. Deffayet et al., arXiv:1103.3260 [hep-th] 



An example of Galileon Theory
The action:

Stress energy tensor:

From which we get energy density and pressure:

which was also used in arXiv: 1007.0027 for “Galileon Genesis”.

where







引用：176次

引用：64次







宇宙学常数还是动力学其物理意义

预言宇宙演化的不同行为



CPT violation when rolling down
Baryo/Leptogenesis in thermo equilibrium
Quintessential Baryo/Leptogenesis

CMB polarization and CPT test

Anomaly Equation

Cosmological CPT violation:
strength ~ O( H ), unobservable in the laborary experiments
CMB:  travelling around O(1/H), 

so accumulated effect ~ O(1) observable !

Interacting Dark Energy
with derivatives couplings

*   Direct coupling with ordinary matter
strongly constrained by the long-range force limits
large radiative corrections to the DE potential

*  Interaction with derivative
Goldstone theorem: Spin-dependent force 



Bo Feng, Hong Li, Mingzhe Li and Xinmin Zhang
Phys. Lett. B 620, 27 (2005);

Bo Feng, Mingzhe Li , Jun-Qing Xia, Xuelei Chen 
and Xinmin Zhang

Phys. Rev. Lett. 96, 221302 (2006)

i:  source

f:  observer

CPT violation
predicting <TB> and <EB>

相互作用暗能量， Testing CPT symmetry with CMB 



Current status on the 
measurements of the 
rotation angle

:  0.057 degPLANCK  

===



Test CPT with CMB

1)  特点：积累效应，最灵敏

2）现状：evidence, but rotation angle measured 
still consistent with zero 

3) 方法 accepted （WMAP组。。。。）:

i)rotation angle-one of cosmological
parameters

iI) B-mode: tensor perturbation r
rotation: E- B

iiI)实验上校准， 意义重大



暗能量研究展望
i）理论研究 ii）探测：measuring W(z)

国内： I）2004年9月9日:“暗能量研究和探测可行性”专题研讨会
高能所，理论所、国家天文台、上海天文台、紫金山天文台联合主办

II)   2008年11月26日：暗物质暗能量探测路线图
“上天，入地到南极”

院创新三期方向性重点项目（高能所，国台，紫台，
上海台，理论所。。）+ 院外合作+国内外合作

+理论实验天文观测合作
III）近年大量工作。。 “二暗，一黑，三起源”

国外：



Large Synoptic Survey 
Telescope

Wide Field Infrared 
Survey Telescope

南极光学近红外
巡天望远镜

EuclidBigBOSS

空间站大光学
平台

~2020 39



我国暗能量探测
可行性研究—LAMOST

李虹等





对暗能量状态方程参数w0与wa的限制

42



再谈2011 年诺奖和精确宇宙学
1998年SN 观测：

i) 非加速膨胀： axion-like粒子造成；

ii）加速膨胀：宇宙学常数===〉暗能量

Modified gravity

精确宇宙学：（WMAP， SDSS， SN观测等 +

宇宙学扰动理论 +分析方法）

WMAP 贡献巨大，已充分肯定！ 中国科学家贡献不可忽略！

i） “axion-like粒子造成”impossible!

ii)  DE: \rho_de 已确定且精度高 （诺奖）；

w(z)    -------------------------------------

c_s^2   几乎没有限制

MG:   =======

Einstein gravity +  “effective DE”

consistent theory??







暗能量研究时间表？？
• LSST……能解决暗能量问题吗？

什么算解决了？

*  整个问题解决需要很长时间，但阶段性成果也很重要

（注意：1998年前，宇宙学常数问题已多年）

类似：旧量子论---〉量子力学----〉量子场论 ----〉

漫长但每一步都很重要，可能突破！！！

要充分肯定！

近十年目标：发现动力学或确定宇宙学常数==〉

即Einstein 还是 非Einstein ?!

（当然确定哪一个动力学模型需更长时间）

目前:  (w_0, w_a) O(10%) ===〉重要成果

不久将来： at level of O(1%)===〉重大成果

减小误差：系统误差;     统计误差

计算方法带来的误差

参数间简并性：曲率，中微子质量，张标比，

暗能量扰动，W参数化，

Shift parameter  or  full data  ======〉MCMC global fit (计算量大）



Some Topics 
on Neutrino Cosmology

中科院高能所张新民

CCAST workshop on 
“Neutrino Physics in the Daya Bay Era”

2010年11月4-5日

简介中微子与暗物质，暗能量及
宇宙正反物质不对称产生机制的联系



中微子与宇宙学
中微子在宇宙学中至关重要

I. 中微子与正反物质不对称（Leptogenesis）

II. 中微子和暗能量

III. 中微子和暗物质

1）热暗物质 m_\nu < 0.51 eV （Li Hong et al)

2) ATIC and PAMELA Results on Cosmic e+- Excesses and Neutrino Masses

Bi, Gu, Li and Zhang

3) Steril neutrino as warm dark matter

4) Lepton asymmetry (Leptogenesis) and WIMP asymmetry

3 4~ (2 *10 V)e 



baryogenesis
三个条件

Andrei Sakharov （1967年）三个条件：

i)  B violation  ----GUT theory

ii) C and CP violation -----K, B system …

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

87年，Peccei研究组：Ringwald。。。Wetterich， Sola。。
X。 Zhang， M。 Carena， C. Wagner

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

iii) First order phase transition
Need Higgs mass 
< 40 GeV!Need

New physics



Electroweak Baryogenesis
and New Physics

i) Need new physics
80年代末，2- Higgs，L-R symmetry, SUSY

ii) Effective lagrangian method --- anomalous couplings



Effective lagrangian approaches to EW baryogenesis

1) Higher dimensional operator relevant 
to Higgs mass limit

Effective potential:



==

Xinmin Zhang PRD47, 3065 (1993)
Cedric Delaunay, Christophe Grojean, 
James D. Wells
JHEP 0804:029,2008

Electroweak vacuum stability
A. Datta, B.-L. Young and X. Zhang
PLB385, 225 (1996)

Prediction for  a light Higgs !



125 GeV Higgs and
its implication in cosmology

i)Within the SM, it is all consistent: 
precision measurement;
Vacuum stability；

Ii)Interesting implications for SUSY

iii) Implications for cosmology:

a) Supporting for the idea of building dark energy 
models with fundamental scalar fields;

b)Electroweak baryogenesis =low cutoff



2222) Operator relevant to baryon number  generation
(Why top? Interacting strongly with the bubble wall )

===

=====

Anomalous top-Higgs 
couplings:

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



==

=

Electroweak baryogenesis

and anomalous Top, Higgs coups

Probing for anomalous Top, Higgs 
couplings at Tevatron, LHC, ILC…



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

Sphaleron 过程将部分轻子数转化为重子数

要考虑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)

Leptogenesis and Neutrino



Type-I Seesaw 模型下的 Leptogenesis 机制

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，大家并不感兴趣！！？？



Motivation for long-baseline 
neutrino oscillation experiments

• Neutrino CP violation

• Actually not direct, still interesting?

• LBL neutrino oscillating experiment

in China!



M

llQ 



R
c
RNNQ

nm
mass
varying 
neutrinos

顾佩洪，王秀莲，张新民，PRD68, 087301 (2003) 

中微子与暗能量
中微子与暗能量有关吗？

1. ΛCDM:

2. QCDM:

443 )()10( n mev  

pl

Q
M

m
eVm

2
3310 n 

中微子与暗能量模型的特征：

1. 中微子是暗能量的一部分，决定宇宙的演化和命运

2. 中微子的质量改变，是时间和空间的函数，CMB, LSS 上的效应，可用天文

观测和中微子振荡检验



Where, Corresponding the formula for the neutrino 
mass upper limit now is:



A
stro-ph/0309800



Cosmological evolution of  Interacting Dark Energy models 
with massvarying neutrinos  hep/ph/0412002

-Xiaojun Bi, Bo Feng, Hong Li, Xinmin Zhang



Astro-ph/0503349



中微子振荡检验暗能量

D.B. Kaplan et al., PRL 
93,091801 (2003);

V. Barger et al., hep-
ph/0502196;

M. Cirelli et al., hep-ph/0503028.

基本想法：

其中 的值由势函数 决定，

)()()(  ieff VV 

)()( 0  nnn Mmmeff 

)(effV

太阳中微子振荡：
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Neutrino and dark matter

hot dark matter suppress 
power at small scale

neutrino mass and abundance: O. Elgaroy et al (2dFGRS) 
PRL 89, 061301 (2002)



Σmν < 0.51 eV ( ΛCDM )
< 0.964 eV  ( w0,wa )

Hong Li et al.



WIMPs 暗物质
李明哲 毕效军 张新民

摘要：

暗物质是21世纪宇宙学和粒子物理研究的热点问题。
WIMPs是一种流行的暗物质粒子候选者，即weakly 
interacting massive particles的缩写，译为“弱作用

重粒子”。目前我国计划中的暗物质粒子探测实验项

目都是围绕着WIMPs暗物质开展的。本文将详细地阐

述与WIMPs暗物质相关的基本问题，并力图澄清一些

易于误解的概念。

《现代物理知识》2011年第4期



介绍内容

• Cold WIMPs

• Warm WIMPs

Boost factor?

• SuperWIMPs

Quintessino; heavy charged massive particles

• Asymmetric WIMPs
Connecting to Baryo/Leptogenesis



暗物质：需要新物理

（有质量中微子：Hot  DM）

候选者：

WIMP(弱作用重粒子)  
代表一类模型

例如，超对称模型中的中性伴（neutralino）；
KK State in extra dimension theory



两种产生机制：

1. 热产生机制（Thermal）

（像光子退耦一样）

=Cold WIMPs

2. 非热产生机制 (Non-Thermal)

(BBN 中自由中子decay)

==cold or warm WIMPs

张新民等

JHEP 9912:003,1999.

arXiv: hep-ph/9901357

Phys.Rev.Lett.86:954,2001. 

arXiv: astro-ph/0009003 

张新民大会报告：Cosmo99; SUSY04



WIMP thermal 
production

cc  ff

ff  cc

At T >> m, 

At T < m, 

At T ~ m/22,                    ，decoupled, 
relic density is inversely proportional to 
the interaction strength    

For the weak scale interaction and 
mass scale (non-relativistic dark 
matter particles)                             ,     
if                                     and                                      

fT
v

scm
h


c

1327
2 103 


1326103~  scmv
210～ GeVM 100weak～ 22/22 cv 

WIMP is a natural dark matter 
candidate giving right relic density 

Thermal equilibrium 
abundance

Hvn ~

WIMP    Miracle



Difficulties with thermal WIMPs

1）Strong constraints on the model parameters

2) Cross section too small to account for the anomalous data
observed by Heat, Pamela, ATIC, HESS ……







• Non-thermal production of neutralino cold dark matter from 
cosmic string decays
R. Jeannerot, (ICTP, Trieste) , X. Zhang, (CCAST World Lab, Beijing & Beijing, Inst. High Energy 
Phys. & ICTP, Trieste) , Robert H. Brandenberger, (Brown U.) . BROWN-HET-1160, IC-98-236, 
Jan 1999. 4pp. 
Published in JHEP 9912:003,1999. 
e-Print: hep-ph/9901357

• Nonthermal production of WIMPs and the subgalactic structure of the universe
W.B. Lin, (Beijing, Inst. High Energy Phys.) , D.H. Huang, (Peking U. & Beijing, Inst. High Energy 
Phys.) , X. Zhang, (Beijing, Inst. High Energy Phys.) , Robert H. Brandenberger, (Brown U.) . Sep 
2000. 6pp. 
Published in Phys.Rev.Lett.86:954,2001. 
e-Print:  astro-ph/0009003

There is increasing evidence that conventional cold dark matter (CDM) models lead to 

conflicts between observations and numerical simulations of dark matter halos on sub-galactic 
scales. Spergel and Steinhardt showed that if the CDM is strongly self-interacting, then the 
conflicts disappear. However, the assumption of strong self-interaction would rule out the favored 
candidates for CDM, namely weakly interacting massive particles (WIMPs), such as the 
neutralino. In this paper we propose a mechanism of non-thermal production of WIMPs and study 
its implications on the power spectrum. We find that the non-vanishing velocity of the WIMPs 
suppresses the power spectrum on small scales compared to what it obtained in the conventional 

CDM model. Our results show that, in this context, WIMPs as candidates for dark 
matter can work well both on large scales and on sub-galactic scales.

=======〉Warm WIMPs model



Thermal production                             Non-thermal
1，

2,   enhancing the parameter space

3,     cold dark matter                              warm dark matter

c q

c q c
c

q

c

q

Weak interactions

c

q

c

q

“stronger” interactions

张新民SUSY04大会报告



暗物质粒子探测方法

• Collider:  LHC（BEPC /BES?）

• 直接探测

DAMA, CDMS 。。。

（我国，地下实验室）

• 间接探测

空间：Pamela, ATIC, FERMI,  AMS, 

(我国，小卫星，空间站)

地面：H.E.S.S, 羊八井

c
c

Direct 
detection

c cp

e+
n

g_





DAMA confirms the solar 
modulation signals at 9 σ

Velocity of the Earth and detection rate of 
DAMA can be given as



Present status of direct detection



间接探测

• 暗物质并不暗：它们湮灭后发出光，中
微子，和带电粒子的宇宙线。

ggHWHZHZWqqll ,,,2,2,2,, 000000 cc



PAMELA结果（正电子超出）



The total electron+positron spectrum

Chang et al.  Nature456, 362 2008

ATIC bump Fermi excess

Phys.Rev.Lett.102:181101,2009 



Pamela， ATIC， FERMI 等观测的宇宙线电子谱









• The excess in the spectrum

1) Dark matter

2) Unknown astrophysical source（SN）



暗物质 CosRayMC

• CosRayMC (CosmicRay+MCMC)

Particle Physics: PYTHIA

Astrophysics :    GalProp

Statistics :    MCMC



PYTHIA: Source Generating

Galprop: Transport

MCMC: Likelihood Calculation

CosRayMC: Cosmic Ray MCMC



Pulsar && Dark 
Matter



We can not distinguish dark 
matter from pulsar with 
present measurements





How to define “cold”

• Definition of cold, warm or hot depends on 
the effect of their “free-stream” motion on 
the formation of objects
– Hot dark matter (eV neutrinos) that washes 

out fluctuations on cluster scale (10 Mpc/h);

– Warm dark matter (sterile neutrinos) that 
washes out fluctuations on galaxy scale (1 
Mpc/h);

– Cold dark matter that has effectively zero 
thermal velocity 



Circular Velocity of MW satellites compared 
with CDM and WDM predictions 

Lovell et al. 2012



简要评述

• 冷暗物质的Concordance宇宙学模型：理论
上由于大量数值模拟的工作对各种宇宙尺度
的结构深刻的理解；在星系及更大的尺度上
得到了大量观测数据的支持；

• 近期危机：在亚星系（sub－galactic）尺度
上，温暗物质模型可能能够更好解释观测数
据（在星系及更大的尺度上，与冷暗物质模
型没有差异）

• 冷还是温：对粒子物理和暗物质探测具有重
要的意义



近年实验对WIMP暗物质理论研究的推动

1）WIMPs： Thermal ， Cold DM， (original motivation)
Non-thermal, Motivation: why not,  Axion produced non-thermally

2) Warm DM:  天文界流行，但只知道sterial neutrino
non-thermal WIMPs as warm DM

3)   Heat experiment:  requiring boost factors:
substructure; non-thermal

4)   Pamela,  ATIC,  Fermi, HESS experiments:
requiring large boost factors:
Substructure not enough;         (毕效军等）
non-thermal,  SF, BW effects

5）Gamma ray from galactic center,….-Warm (non-thermal) WIMPs

6）Coupled dominantly to lepton:
Neutrino Physics----Leptogenesis (why no antimatter? )

Dark Energy (Mass Varying Neutrino)
Dark Matter







Comment on Thermal WIMPs Miracle and non-
thermal WIMPs Miracle

i) Thermal WIMPs miracle:
Thermal production    CMB, Hot Big-Bang

ii) Non-thermal processes:
Free neutron decay in BBN
reheating processes
Cosmic string decay

----- non-thermal WIMPs Miracle?!
If  DM is warm, impacts on the current 
experiments

especially in China are very important
=========Non-thermal WIMPs



• 创新一期：粒子宇宙学

• 创新二期：方向性项目

高能天体物理：星系团、黑洞物理和早期宇宙

2004年9月9日“暗能量探测专题研讨会”

基金委重点项目

LAMOST暗能量

• 创新三期：方向性项目
依托国内大科学装置的粒子物理、核物理和宇

宙学的前沿理论研究

2008年11月26日：汇报暗物质暗能量探测路线图

“上天，入地到南极”

=====〉创新文化建设：“天文+物理”交叉研究



路线图

暗物质探测：

近期：羊八井

中期：小卫星，地下实验室

长期：空间站

建议：启动小卫星、地下实验室预研究

暗能量探测：LAMOST, 南极DOME－Ａ

近期：LAMOST

中期：南极DOME A四米光学望远镜

建议：启动南极DOME A四米光学望远镜预研究



十年中国宇宙学的发展和精确宇宙学
发展很快，队伍壮大；

在计算宇宙学（数据分析，数值计算，模拟），
理论模型及（国际合作）

的实验，天文观测方面都取得了重要的成果；
“天文+物理”交叉研究的良好氛围已形成 ======〉创新文化重大成就；

i）暗物质暗能量探测路线图
ii）“两暗一黑三起源”的提出

精确宇宙学 ===国际性重大成果--------》
中国人的贡献不能忽略！！！

“国内研究展望
宇宙学暗物质暗能量研究很受重视；
支持力度大大的加强；
暗物质暗能量探测路线图---》各种规化
中的强调，各类项目资助

但是， 有了钱 ====== 出重大成果？？？
十年后，我国的宇宙学研究状况会怎样？？

继续追赶？占一席之地？
主导，领导地位？”



Thanks!


