
第三课题:宇宙线起源的唯象研究
围绕宇宙线的起源问题，负责研究LHAASO的宇宙线能谱

和各向异性结果，以及来自扩展源和弥散伽马射线的观测结
果，主要研究目标有： 

（1）发展相关的粒子加速理论，完善宇宙线的超新星遗迹
起源学说。 

（2）分析脉冲星中高能粒子的加速和传播特征，确定其对
宇宙线正负电子和膝区宇宙线的贡献。 

（3）发展Hillas宇宙线模型，确定该模型中各分量的起源
天体。 

（4）研究加速和传播过程对宇宙线能谱的影响，分析膝区
宇宙线的起源。 

（5）利用数值模拟的方法，分析宇宙线的传播特征。 
（6）研究极高能宇宙线的起源并分析星爆星系中宇宙线的

特点。 
（7）分析膝区以上宇宙线的起源，并用SKA观测测量散射

宇宙线的湍流的特点 



银河系宇宙线唯象研究的最新进展



宇宙线能谱



宇宙线各向异性



宇宙线和伽⻢马射线源

34个超新星遗迹的能谱

宇宙线质⼦子和氦核谱



实施⽅方案

3个任务组: 

A 宇宙线能谱和各向异性研究由紫台刘四明，
袁强和⾼高能所胡红波负责; 

B 河外宇宙射线源的研究由南京⼤大学王祥⽟玉负
责; 

C 宇宙线的多波段观测研究由国家天⽂文台朱辉
和⽥田⽂文武负责。



实施⽅方案
A   宇宙线能谱和各向异性研究： 

负责⼈人     ：刘四明、袁强、胡红波 

核⼼心成员：刘伟、⾟辛⽟玉良、郭义庆、曾厚敦、张轶然（博⼠士）、⽯石召东（博⼠士）、包逸炜（博⼠士）、张潇 

具体研究任务： 

• A1: 发展Hillas模型，开展超新星遗迹的多波段研究。 

A1a对于已经探测到的30多个伽玛射线超新星遗迹，结合射电和X射线观测，通过多波段辐射能谱拟合分析
超新星遗迹中⾼高能粒⼦子分布函数演化的规律律（刘四明、曾厚敦） 

A1b利利⽤用⼀一个TeV辐射由轻⼦子过程主导的年年轻超新星遗样本（总共约10个源），分析年年轻遗迹中⾼高能电⼦子分
布函数的演化规律律（刘四明、张潇、曾厚敦） 

A1c发展两分量量的Hillas模型，将宇宙线总能谱和平均原⼦子数谱与观测做⽐比较（刘四明、张轶然） 

• A2: 把宇宙线的能谱观测特征和各向异性观测相结合发展统⼀一的宇宙线传播模型。 

A2a结合空间直接探测实验和地⾯面间接探测实验结果，构建统⼀一的物理理模型理理解宇宙线能谱结构和各向异
性特征（袁强、郭义庆、刘伟） 

A2b考虑到有⼤大尺度磁场时，宇宙线扩散系数表现出⾼高度的各向异性，利利⽤用⼀一个1维扩散模型分析宇宙线正
负电⼦子的能谱和各向异性特征（刘四明、⽯石召东） 

• A3: 分析超新星遗迹对宇宙线的贡献，完善银河系宇宙线的超新星遗迹起源学说。 

• A4: 结合膝区宇宙线的测量量，分析脉冲星⻛风云对膝区和正负电⼦子的贡献。



实施⽅方案

B   河外宇宙线源的研究 
负责⼈人    ：王祥⽟玉 
核⼼心成员：席绍强、薛瑞、⻩黄稚秋、孙晓娜 
具体研究任务： 

• B1： 利利⽤用⾼高能中微⼦子研究河外源对宇宙线源的贡献，包括分
析跟河外源关联的⾼高能中微⼦子的产⽣生过程、以及分析它们对
于宇宙线的贡献。 

• B2： 利利⽤用河外天体的伽玛射线辐射研究河外源对宇宙线的贡
献，包括分析河外源的⾼高能伽玛数据，分析⾼高能伽玛辐射的
起源机制以及对宇宙线的贡献。 

• 献。



实施⽅方案

C  宇宙线的多波段观测研究 
负责⼈人：朱辉、⽥田⽂文武 
核⼼心成员：张海海燕、崔晓红、周新霖、吴丹丹、苏洪全、杨嫒媛、张孟⻜飞、单素素、
雷雷贤欢、张少博 

具体研究任务： 

• C1：利利⽤用⾮非线性激波加速理理论构建超新星遗迹同步辐射的射电能谱，使⽤用多
波段射电观测检验伽⻢马射线观测给出的结果。 

• C2：寻找与超新星遗迹成协的中性氢⽓气体云（FAST），尝试利利⽤用HI的塞曼分
裂测量量超新星遗迹激波处的磁场强度，检验磁场放⼤大理理论。 

• C3a：宇宙线与星际介质相互作⽤用。 
• C3b：宇宙线的扩散系数与介质湍动的关系。 
• C4：搜寻已知和LHAASO新发现伽⻢马射线源在射电波段的对应体。 
• C5：利利⽤用SKA和LHAASO在宇宙线1016 eV - 1018 eV能段的重叠，相互检验结果
的准确性。。



实施⽅方案

年年\⽉月 1 2 3 4 5 6 7 8 9 10 11 12

2018 A1a

2019 A1b A1c A2a A2b C1

2020 A2c, A2d A3a C2

2021 A3b B1 A4a A4b

2022 A4c C3a C3b

2023 B2,A2e,C4,
C5

具体研究任务的完成时间



A2a：结合空间直接探测实验和地面间接探测实验结果，构建统一的物理
模型理解宇宙线能谱结构和各向异性特征（袁强、郭义庆、刘伟）

       传统图像                          新图像

➢ 连续分布的宇宙线源 
➢ 均匀、各向同性扩散 
➢ 可以大致解释宇宙线

能谱、次级粒子谱、
弥散伽马射线等数据

➢ 连续分布的宇宙线源 + 个别邻
近分立源 

➢ 空间依赖扩散、各向异性扩散 
➢ 宇宙线和伽马射线的精确测量

结果、各向异性观测等 
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宇宙线各向异性：新图像

➢ 连续分布的宇宙线
源贡献能谱低能-高
能的主要部分，并
且主导100 TeV以上
的各向异性（其幅
度由空间依赖传播
过程压低） 

➢ 邻近源（位置恰好
和Geminga接近）
贡献能谱细致结构
以及低能各向异性 

➢ Geminga脉冲星同
时贡献正电子超
Liu et al. 2018  12



宇宙线各向异性：新图像 

DAMPE的质⼦子谱



A1c：发展两分量量的Hillas模型，将宇宙线总能谱和平均原⼦子数谱与
观测做⽐比较（刘四明、张轶然）
第 *卷第 *期 天 文 学 报 Vol.* No.*

2019年*月 ACTA ASTRONOMICA SINICA *, 2019

doi: *

宇宙线的超新星遗迹起源⇤

张轶然1,2† 刘四明1,2‡

(1 中国科学院紫金山天文台中国科学院暗物质和空间天文重点实验室南京 210033)

(2 中国科学技术大学天文与空间科学学院合肥 230026)

摘要 宇宙线的起源是高能天体物理的核心问题之一. 一直以来, 超新星爆发被认为

是能谱膝区以下宇宙线的主要来源. 多波段观测表明, 超新星遗迹有能力加速带电粒子至

亚PeV(10
15

eV)能量. 扩散激波加速被认为是最有效的天体高能粒子加速机制之一, 而超

新星遗迹的大尺度激波正好为这一机制提供平台. 近年来, 一系列较高精度的地面和空间

实验极大地推动了对宇宙线以及超新星遗迹的研究. 新的观测事实挑战着传统的扩散激

波加速模型以及其在银河系宇宙线超新星遗迹起源学说上的应用, 深化了人们对宇宙高

能现象的认识. 结合超新星遗迹辐射能谱的时间演化特性, 我们构建了时间依赖的超新星

遗迹粒子加速模型, 它不仅能够解释200 GV附近宇宙线的能谱反常, 还自然地形成能谱

膝区, 甚至可以将超新星遗迹粒子加速对宇宙线能谱的贡献延伸至踝区. 该模型预期超新

星遗迹中粒子的输运行为表现为湍流扩散, 这需要未来的观测以及与粒子输运相关的等

离子体数值模拟工作来进一步验证.

关键词 宇宙线, 星际介质: 超新星遗迹, 粒子加速, 激波

中图分类号: P172 文献标识码: *

1 引言

1912年, Victor F. Hess携带三台静电计乘坐气球飞行至海拔5300 m的高空, 他测

量到大气电离率随海拔上升而增加, 从而在人类历史上首次认证了宇宙线的存在[1]. 在

一个世纪以来人们对宇宙线的不懈研究中, 大量而细致的实验和观测揭示了宇宙线的

重要性质, 这些性质携带着有关宇宙奥秘的宝贵信息. 我们现在知道, 在地球附近宇

宙线主要是带电的相对论性高能粒子, 其中约99%是原子核, 其余的为电子, 而这些

原子核由约90%的质子, 约9%的氦核, 以及约1%比氢氦更重的原子核构成. 这些粒子

的运动方向高度各向同性, 其各向异性的量级仅有1‰(对于能量小于PeV的粒子, 如

图1左)[2]. 人们还测量了宇宙线流量随粒子能量的变化, 发现在GeV-PeV能段它大致

为谱指数为2.7的幂律分布, 在PeV附近能谱拐折变软以至于PeV-EeV的谱指数约为3.1,

2019-*-*收到原稿, 2019-*-*收到修改稿
⇤国家重点研发计划(2018YFA0404203), 国家自然科学基金(U1738122, U1931204,

11761131007), 中国科学院国际合作重点项目(114332KYSB20170008)资助
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脉冲星⻛风云中粒⼦子的输运

On the Gamma-Ray Nebula of Vela Pulsar. I. Very Slow Diffusion of Energetic Electrons
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Abstract

High-energy particle transport in pulsar wind nebulae (PWNe) plays an essential role in explaining the
characteristics revealed in multiwavelength observations. In this paper, the TeV–gamma-ray-emitting electrons in
the Vela X PWN are approximated to be injected impulsively when the cocoon is formed due to the interaction
between the SNR reverse shock and the PWN. By solving the diffusion-loss equation analytically, we reproduce
the broadband spectral energy distribution and surface brightness profile simultaneously. The diffusion coefficient
of TeV electrons and positrons, which is well constrained by the spectral and spatial properties of the TeV nebula,
is thus determined to be 1×1026 cm2 s−1 for 10 TeV electrons and positrons. This coefficient is more than three
orders of magnitude lower than that in the interstellar medium, in agreement with a constraint recently obtained
from HAWC observations of a TeV nebula associated with the Geminga pulsar. These results suggest that slow
diffusion of high-energy particles might be common in PWNe.

Key words: cosmic rays – diffusion – ISM: individual objects (Vela X) – ISM: supernova remnants

1. Introduction

The unexpected excess of high-energy positrons (�10 GeV)
observed by PAMELA (Adriani et al. 2013), AMS-02 (Accardo
et al. 2014), VERITAS (Staszak & VERITAS Collaboration
2015), Fermi-LAT (Ackermann et al. 2012; Abdollahi et al.
2017), and DAMPE (DAMPE Collaboration et al. 2017) has been
explored extensively by many researchers, yet its origin is still a
matter of debate. While dark matter particles are believed to be a
possible positron source, pulsars and pulsar wind nebulae (PWNe)
are more natural astrophysical contributors owing to their high
pair production capability (Hooper et al. 2009). Pulsars inside
PWNe produce ultra-relativistic wind of electron–positron pairs
(hereafter, “electrons” refers to both electrons and positrons). A
shock forms as the wind interacts with slow-moving supernova
ejecta, and the electrons are thermalized and/or reaccelerated by
the shock (Gaensler & Slane 2006). The resulting high-energy
electrons may escape from PWNe, and propagate in the nearby
interstellar medium (ISM). In view of radiative energy loss
experienced by high-energy electrons while propagating, TeV
positron sources must be located within hundreds of parsecs from
Earth if they are to contribute to the positron excess.

However, this scenario is questioned by the recent HAWC’s
detection of extended TeV γ-rays from the Geminga PWN and
PSR B0656+14. Although this observation confirms the
existence of TeV electrons in PWNe, the diffusion coefficients,
constrained by the γ-ray surface brightness profile, are too
small to account for the positron flux observed at Earth
(Abeysekara et al. 2017). Two-zone diffusion models seem to
partially remedy this issue (Hooper et al. 2017; Fang et al.
2018). Nevertheless, the local PWNe origin of the positron
excess is oppugned by non-detection of the Geminga PWN in
Fermi observations (Xi et al. 2018), and the nature of positron
excess is still under debate (Shi & Liu 2019).

The Vela pulsar, lying at a distance of 287 pc to Earth
(Dodson et al. 2003a), is one of the positron contributor

candidates in the TeV energy range. Thanks to its proximity,
the Vela X PWN is spatially resolved in multiwavelength
observations from the radio to γ-rays. The extended radio
nebula (ERN) of Vela X, which is spatially correlated with the
GeV nebula seen by Fermi, is much larger than the X-ray
“cocoon” (Markwardt & Ögelman 1995; Frail et al. 1997). A
counterpart of the cocoon was later revealed in TeV γ-rays
(Aharonian et al. 2006). Although there are extensive
observational and theoretical studies, the formation of the
complex frequency-dependent morphology of the PWN
remains to be addressed (Tibaldo et al. 2018). Two electron
components have been assumed to explain the frequency-
dependent morphology (de Jager et al. 2008). However,
challenges arise when TeV emission beyond the cocoon
(extended to ∼1°.2) is detected (Abramowski et al. 2012;
Reynolds et al. 2017). We hereafter refer to the TeV–γ-ray-
emitting plasma as a TeV nebula. Hinton et al. (2011) argued
that diffusive escape of high-energy electrons must be taken
into consideration to explain the soft GeV spectrum of the ERN
while the TeV nebula formed over the past few hundreds of
years, so that high-energy electrons are still trapped in a cocoon
structure. The escaped electrons, if diffused to Earth, should
contribute to the local cosmic ray positron spectrum, suggest-
ing that the Vela X PWN may be one of the positron
contributors (Hinton et al. 2011). However, AMS-02 measure-
ment shows that the positron fraction saturates at ∼300 GeV
and likely drops above ∼500 GeV (Recchia et al. 2018; Aguilar
et al. 2019), disfavoring the pulsars and PWNe as the origin of
the positron excess.
Tibaldo et al. (2018) found that the TeV nebula of the Vela

X PWN has a very hard spectrum above 100 GeV. This
spectrum suggests that the emission is dominated by electrons
at tens of TeV. Such a distribution is a natural consequence of a
hard electron spectrum with a power-law index of less than 2
being subjected to synchrotron and IC radiative energy losses.
The spatial offset of the cocoon from the pulsar suggests that it
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indices are calculated for nine annuli centered in the central
position of the cocoon, with the same width of 0°.1. It can be
seen that, for δ=1, the γ-ray indices have apparent spatial
variation, whereas for δ=1/3, the spatial distributions of γ-ray
indices are consistent with the indices extracted from sectors
along the cocoon. The dependence of the TeV γ-ray brightness
profile and spectra on the diffusion coefficient is plotted in
Figure 4. It shows that the diffusion coefficient is well
constrained (D0≈1×1026 cm2 s−1) by the observed spectra
and brightness profile.

4. Discussion and Conclusions

The discovery of a high-energy spectral cutoff in combina-
tion with a recent detection of a very hard GeV spectrum
indicate that the γ-ray emission of the TeV nebula of the Vela
X PWN is dominated by electrons with energies of tens of TeV
via the IC process. The weak magnetic field strength derived
from X-ray observations and the high-energy cutoff are
consistent with the radiative cooling of TeV electrons injected
upon the formation of the cocoon, and the small total energy in
the TeV nebula is consistent with the impulsive injection. In
this paper, with a simple diffusion and radiative loss model, we
demonstrate that in the scenario in which the TeV cocoon
formed via interaction of the PWN with the reverse shock

several thousand years ago, the γ-ray spectra and radial
brightness profile of the TeV nebula can be reproduced. Since
the magnetic field strength is constrained by the age and the
electron index α can be constrained by the radio SED of the
ERN, the diffusion coefficient D0 is the only key parameter
that can be constrained by the brightness profile and radial
spectral change of the TeV nebula. The diffusion coefficient of
TeV electrons and positrons is thus determined to be 1×
1026 cm2 s−1 for 10 TeV electrons, which is more than three
orders of magnitude lower than the typical value in the ISM.
Our results, in combination with an early result from HAWC
observations of the Geminga PWN, suggest that slow diffusion
might be common in TeV PWNe.
At 10 TeV, the diffusion coefficient is almost the same as the

Bohm diffusion (8.3×1025 cm2 s−1) in a magnetic field of
4 μG, which implies sub-Bohm diffusion at even higher
energies. Since ~ ~r DT2 6dif age pc for 100 TeV electrons,
such slow diffusion could hardly transport the positrons below
100 TeV out of the Vela SNR. One possible explanation for
such slow diffusion in the cocoon is efficient trapping of
electrons in a magnetic mirror. Such trapping needs to be
extended to the whole TeV nebula. Multiwavelength observa-
tions can be used to probe the magnetic field structure
(Abramowski et al. 2012). A more detailed exploration of
such a scenario will be presented in a future paper.
The energy of high-energy electrons inside the cocoon is

estimated to be Ecocoon∼1.5×1046 erg (Abdo et al. 2010),
which is extremely low, but much higher than the energy of
∼1044 erg carried by the magnetic field. The cocoon is
expected to form due to the reverse shock-PWN interaction
(Slane et al. 2018), hence the bulk of the pulsar spin-down
energy (and bulk of TeV electrons) is deposited into the ERN.
The SED of the ERN can be explained by intense radiation loss
in the reverberation phase with the interaction of the reverse
shock; the interpretation of the broadband spectrum of the ERN
is delegated to an ensuing paper (Paper II). Moreover, if the
magnetic field strength in the ERN is high, the soft GeV
spectrum can be attributed to hadronic processes.
Slow diffusion around SNRs has been suggested for years

(see e.g., Fujita et al. 2009; Gabici et al. 2010; Li & Chen 2010;
Yan et al. 2012). Theoretical works also show that cosmic rays
may diffuse slowly due to self-generation waves and wave–
wave turbulent cascading from a scale, which is in concordance
with the size of the SNR (see e.g., Blasi et al. 2012), and may
also work inside PWNe with weak magnetic fields.

Figure 2. Fit to the γ-ray spectra of the inner and outer regions (left), and the normalized surface brightness profile (right). The HESS data are taken from Abramowski
et al. (2012), and Fermi data are from Tibaldo et al. (2018).

Figure 3. Spatial distribution of γ-ray indices. The data are taken from
Abramowski et al. (2012).
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A2b：考虑到有⼤大尺度磁场时，宇宙线扩散系数表现出⾼高度的各向异性，利利
⽤用⼀一个1维扩散模型分析宇宙线正负电⼦子的能谱和各向异性特征（刘四明、

⽯石召东）



A2b：考虑到有⼤大尺度磁场时，宇宙线扩散系数表现出⾼高度的各向异性，利利
⽤用⼀一个1维扩散模型分析宇宙线正负电⼦子的能谱和各向异性特征（刘四明、

⽯石召东）



A2b：考虑到有⼤大尺度磁场时，宇宙线扩散系数表现出⾼高度的各向异性，利利
⽤用⼀一个1维扩散模型分析宇宙线正负电⼦子的能谱和各向异性特征（刘四明、

⽯石召东）



A1a: 对于已经探测到的30多个伽玛射线超新星遗迹，结合射电和X射线观
测，通过多波段辐射能谱拟合分析超新星遗迹中⾼高能粒⼦子分布函数演化的规

律律（刘四明、曾厚敦）



A1a: 对于已经探测到的30多个伽玛射线超新星遗迹，结合射电和X射线观
测，通过多波段辐射能谱拟合分析超新星遗迹中⾼高能粒⼦子分布函数演化的规

律律（刘四明、曾厚敦）



A1a: 对于已经探测到的30多个伽玛射线超新星遗迹，结合射电和X射线观
测，通过多波段辐射能谱拟合分析超新星遗迹中⾼高能粒⼦子分布函数演化的规

律律（刘四明、曾厚敦）研究内容：1超新星遗迹的能谱演化

加速

逃逸

辐射能损



A1a: 对于已经探测到的30多个伽玛射线超新星遗迹，结合射电和X射线观
测，通过多波段辐射能谱拟合分析超新星遗迹中⾼高能粒⼦子分布函数演化的规

律律（刘四明、曾厚敦）



A1a: 对于已经探测到的30多个伽玛射线超新星遗迹，结合射电和X射线观
测，通过多波段辐射能谱拟合分析超新星遗迹中⾼高能粒⼦子分布函数演化的规

律律（刘四明、曾厚敦）



A1a: 年年龄在⼏几千年年的遗迹伽玛射线辐射可以⽤用谱指数为2.2的电⼦子辐射拟
合,年年龄在1万年年以上的遗迹伽玛谱可以⽤用谱指数为2.65的质⼦子辐射拟合

23+5强⼦子辐射5电⼦子辐射



A1a: 星暴暴星系的伽玛射线能谱可以⽤用谱指数为2.4的质⼦子辐射拟合,
也可以⽤用谱指数为2.55和2.22的双质⼦子分量量拟合.



A1b：利利⽤用⼀一个TeV辐射由轻⼦子过程主导的年年轻超新星遗样本（总共约10
个源），分析年年轻遗迹中⾼高能电⼦子分布函数的演化规律律（刘四明、张潇）



A1b：利利⽤用⼀一个TeV辐射由轻⼦子过程主导的年年轻超新星遗样本（总共约10个
源），分析年年轻遗迹中⾼高能电⼦子分布函数的演化规律律（刘四明、张潇、曾厚

敦）
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Consider different:

1)Progenitor mass
2)Stellar wind and proper motion
3)Magnetic field(direction and strength)

             Stellar wind 
density and magnetic 
field

    Supernova 
remnant 
density and 

Supernova 
remnant 
          radio 



Radio 
morphology 
from 
observation

Radio 
morphology 
form simulation

1450yr 1850yr 3050yr



1)The strong magnetic field of 1 
mG will align the motion of 
ejecta in a way similar to a jet. 

2)Most of ejecta will propagate 
parallel to the magnetic field. 
And the ejecta propagating 
perpendicular to the magnetic 
field will be reflected and 
generate strong reverse shock. 

3)When the reverse shock 
converge in the explosion 
center, it will more or less flow 
along the central magnetic field.

4500yr 10000yr

SNR evolves in normal and strong magmatic fields

Normal

Strong magnetic field (e.g. Galactic center 
B~900uG, n~0.5 cm^-3)



实施⽅方案

年年\⽉月 1 2 3 4 5 6 7 8 9 10 11 12

2018 A1a

2019 A1b A1c A2a A2b C1

2020 A2c, A2d A3a C2

2021 A3b B1 A4a A4b

2022 A4c C3a C3b

2023 B2,A2e,C4,
C5

具体研究任务的完成时间



第三课题组年年度考核指标

研究⽅方向 宇宙线的
加速和传
播

超新星遗
迹和脉冲
星的多波
段研究

河外宇宙
射线源的
相关研究

宇宙线的
多波段观
测研究

2019 2 2+6 1+1 1

2020 2 2 2 0

2021 2 2 1 1

2022 2 2 2 0

2023 2 2 1 1

汇总 10 10 7 3

论⽂文指标

会议交流 

每年年做⼀一次国际会议报告，组织⼀一次会议，其中国内会议4
次，国际会议1次；



2019年发表的⽂章
仙后座A1. Zeng, Houdun; Xin, Yuliang; Liu, Siming; Evolution of high-energy particle distribution in 

supernova remnants. ApJ, 874, 50 (2019) 
2. Zhang, Xiao; Liu, Siming; Is Supernova Remnant Cassiopia A a PeVtron? ApJ, 874, 98 (2019) 
3. Shi, Zhaogong； Liu, Siming; Origin of cosmic ray electrons and positrons. MNRAS, 485, 

3869 (2019) 
4. Bao, Yiwei; Liu, Siming; Chen, Yang; On the gamma-ray nebula of Vela pulsar-I. constraining 

diffusion coefficient within the TeV nebula. ApJ, 877, 54 (2019) 
5. Zhang, Xiao; Liu, Siming; Electron acceleration in middle age shell-type gamma-ray 

supernova remnants. ApJ, 876, 24 (2019)  
6. Zhang, Yiran; Liu, Siming; Global constraints on diffusive particle acceleration by strong non-

relativistic shocks. MNRAS,482,5268 (2019) 
7.张轶然，刘四明；宇宙线的超新星遗迹起源，天⽂学报 
8. Zhu, Hui; Slane, Patrick; Raymond, John; Tian Wenwu; Dust destruction in non-radiative 

shocks. ApJ, accepted 
9. Tian, Wenwu, Zhu, Hui et al. The kinematic distance of SNR G16.7+0.1 and G15.9+0.2 by 

analyzing HI absorption spectra. PASP, accepted 
10.Wu Dan; Zhang Mengfei; How does the strong surrounding magnetic field influence the 

evolution of a supernova remnant? RAA, accepted 
11. Shan, Susu; Zhu, Hui; Tian, Wenwu et al. The distance measurements of supernova 

remnants in the fourth Galactic quadrant. RAA, 19, 92 (2019)



总结

围绕宇宙线的起源和加速问题，本
课题负责研究LHAASO 的宇宙线能
谱和各向异性结果，以及来自扩展
源和弥散伽马射线观测结果，项目
组按照实施⽅案顺利开展了第⼀年
的研究⼯作。



Neutrinos from blazar TXS 
0506+56

IceCube观测到⼀一个300TeV的中微⼦子事件与
Blazar TXS 0506+056的多波段flare在3σ的
置信度上成协



传统的Photomeson (pγ) 模型

•拟合存在问题：
•1）cascade 辐
射超过X-ray观测
•2）inefficient: 
要求jet光度超过
中⼼心⿊黑洞洞的
Eddington光度:

Keivani et al. 2018  

Lucky 
Detection



pp interaction model
•假定存在broad-line region

Liu et al. 2019

相⽐比于传统模型：
1. 较⾼高的中微⼦子产⽣生率 →  宇宙线质⼦子光度降⾄至爱丁
顿光度之下
2. 宽线区云团中被电离的电⼦子提供康普顿光深，减少
X射线流量量，提⾼高中微⼦子流量量



s=1.6: 1 (anti-)muon event / 80 days
s=2.0: 1 (anti-)muon event / 3.2 yrs

Modelling the SED
Liu et al. 2019, PRD



!41

星系团中的宇宙线



Fermi 9 years of data –unbinned 
likelihood analysis (0.2-100 GeV)

Xi et al. 2018, PRD, arXiv:1709.08319

https://arxiv.org/abs/1709.08319


Interpreting the correlation

◆ Changing slope, α → 
1.5 

◆ gamma-ray data is 
well consistent with 
such a steepening

◆ The steepening 
suggests that CR 
escape is important 
in low-SFR galaxies 
  
 

Zhang, Peng & Wang 2019



会议安排

•通过每年年两次的合作组会议，汇报
课题进展。 

•课题每⽉月召开⼀一次学术会议，邀请
项⽬目组所有成员和专家参加，可以
视频参加。 

•3个任务组每个礼拜安排组会，根
据需要邀请相关⼈员参加。



会议纪要及研究进展



会议纪要及研究进展



第三课题组年年度考核指标

培养单位 紫⾦金金⼭山天
⽂文台

国家天⽂文
台

⾼高能物理理
研究所

南京⼤大学

2019 4+1 4 1 1+1

2020 4+1 4+1 2 1+1

2021 3+2 3+2 2 1

2022 2+2 3+2 2 1

2023 2+2 2+2 1 1

毕业或出
站总⼈人数

3+2 4+2 2 3+1

研究⽣生和博⼠士后培养指标 
每年年参与项⽬目的研究⽣生和博⼠士后⼈人数



宇宙线能谱


