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中  文  摘  要

	太阳风是形成日球层的主要介质，是传输空间天气灾害扰动的媒体。研究太阳风起源，对日地空间物理中能量转换机制等基本问题的研究以及对空间天气灾害起源传播特性的研究有推动作用。然而，太阳风起源是空间物理学研究中长期未解决的重要前沿课题。太阳风起源的核心问题有如下三个方面。第一、太阳风初始外流是从太阳的什么区域、什么高度和在什么样的结构中起始的。第二、太阳风初始外流的物质和能量供给的宏观方式是什么，磁重联能否给太阳风供应足够的质量和能量。第三、太阳风初始外流的动能和热能是如何通过磁重联区里的微观物理过程由磁能转换过来的。

本文对这三个相互联系的问题分别进行了研究，得到如下结果：本文证认出太阳宁静区太阳风初始外流是从“多脚鼎”形状的磁结构发出的；创建了描述中尺度磁重联供能的一维一元流体太阳风模型；首次由实地观测重构出描述三维磁重联的零点对磁场结构，发现内重联区的电子捕获和高频静电波的增强，并提出捕获电子和静电波相互作用驱动电子扩散和磁重联的新概念。这三项研究成果将共同为进一步发展描述太阳风起源的三维模型打下基础。

本论文的第一章是文献综述，概述与太阳风起源有关的太阳多层大气活动的研究以及磁重联过程的研究，并且指出需要解决的问题。

本论文的第二章是报告我们关于太阳风是否可能从太阳宁静区起源，以及太阳风初始外流的流管是何种结构等问题的研究。众所周知，太阳冕洞是太阳风高速流的源区，可是对太阳宁静区是否也会发出太阳风的问题以往却没有得到深入讨论。Hassler et al. [1999] 发现在宁静区某些网络交汇处有Ne VIII蓝移，他们猜测这些区域会发出开放磁力线，从而推论太阳风起源于这些区域。但是，我们的工作表明Hassler et al. [1999]的推论是不成立的。我们发现上述Ne VIII 蓝移区发出的磁力线多数是闭合的。而多个没有Ne VIII蓝移的网络交汇处发出的细磁通量管在20 Mm以上汇聚而形成开放磁结构，其在Fe XII (195Ǻ)辐射高度(~25 Mm)的横截面与Fe XII (195Ǻ)辐射暗区大致重合。这种开放磁结构类似“多脚鼎”形状。Fe XII (195Ǻ)暗区表明该处等离子体密度低，是太阳风外流的特征。据此我们首次提出太阳风可以由宁静区“多脚鼎”形状的磁结构中起源，从而为宁静区太阳风起源问题的研究提供了新的思路。

本论文的第三章是报告我们创建的由流管中部供给质量和能量的一维流体模型，该模型描述了中尺度磁重联驱动的太阳风外流和对流回流的特征。以往人们认为导致太阳风初始外流的物质和能量是由光球向上通过一维流管供应的。因为没有考虑光球和色球的水平运动的作用，这类一维流管模型受到质疑。Tu et al. [2005]提出了磁重联驱动太阳风外流的图像，认为超米粒组织对流驱动中尺度闭合磁圈与网络交汇处的开放磁力线发生重联，磁圈中物质注入到开放磁结构，向外流动形成太阳风，向内流动形成回流。然而这只是一个定性的图像，没有给出定量计算。为了检验这一图像，我们突破了以往假设物质和能量由一维流管底部供应的惯例，首创了由流管中部输入质量和能量的数值模型。该模型解释了包括外流和内流等的多种观测结果，支持上述的图像，为进一步建立三维太阳风起源模型打下基础。

本论文的第四章旨在研究磁重联的过程。在描述太阳风能量供应的模型中，通常磁重联起着重要作用，然而需要人为引入重联区的电阻率，对驱动磁重联的物理过程还有待进一步研究。以往三维磁重联的研究多着重于磁场拓扑形态的研究，对三维重联区的物理过程研究较少。磁重联的磁场扩散过程受控于内重联区的电子动力学过程。因为内重联区的尺度很小，以前很少有关于这方面的观测结果。Cluster四颗卫星的观测为研究三维磁重联微观过程提供了机会。可是以往的方法只能判断单个磁零点是否存在，而无法得到实时磁零点对的磁场位形。我们提出了利用Cluster卫星的同时观测数据重构磁场结构的新方法，并重构出含磁零点对的磁场位形。我们发现在内重联区，电子被短时捕获并被加速到电子阿尔芬速度，而且存在有增强的高频静电波。据此，我们提出了由捕获电子与静电波相互作用驱动三维磁重联的新概念。这一工作突破了以往关于三维磁重联理论研究和观测分析的局限性，将促进对内磁重联区物理过程的研究，进而推动磁重联驱动太阳风起源的研究。
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Study of solar wind origin: observational analysis of the source region and preliminary modeling of the origin driven by magnetic reconnection
Jiansen He
ABSTRACT
	Solar wind is the main medium filling in the heliosphere, and is the carrier transporting hazardous disturbance of space weather. Study of solar wind origin will improve our research on energy conversion mechanism in solar-terrestrial space physics as well as on origination and transportation of space weather disaster. Solar wind origin is a longstanding unsolved subject, which is very important in space physics research. There are three main aspects about the solar wind origin. First, where and in what structure does the solar wind originate? Second, how does mass and energy are supplied to the initial flow of solar wind, will magnetic reconnection offer solar wind with enough mass and energy? Third, what is the micro-physics in the reconnection region during conversion of magnetic energy to kinetic energy and thermal energy of the solar wind initial outflow?
This thesis studies these three interconnected aspects respectively and gets new results accordingly. This thesis firstly identifies that solar wind in the quiet Sun (QS) originates from “multi-foot vessel” like magnetic structure; secondly establishes a one-dimensional one-fluid model for solar wind origin with meso-scale reconnection as the drive; and finally reconstructs three-dimensional (3-D) magnetic reconnection configuration including a null-pair from in situ measurements, discovers electron temporary trapping in the inner reconnection region and conjectures that the trapping electrons may be scattered by the enhanced high-frequency electrostatic wave to drive fast reconnection. The above three research results together lay the solid foundation for further research on solar wind origin.
In the first chapter, we introduce the research advancements related to solar wind origin, e.g. activities in solar multi-layer atmosphere and magnetic reconnection, and point out the remaining questions to be solved. 

In the second chapter, we study whether or not solar wind can originate from the QS region and what the flow tube looks like. As is known to all, coronal hole (CH) is the source region of high-speed solar wind, however, there is no detailed discussion about solar wind origin from the QS. Hassler et al. [1999] found Ne VIII blue-shifts at some network intersections in the QS, they assume these intersections are the locations where open magnetic field lines start and thus inferred them as the source region of solar wind. However, our work result indicates that the deduction by Hassler et al. [1999] is not correct. We find magnetic field lines from Ne VIII blue-shift regions are mostly closed. Open magnetic structure in the QS is formed with the merging of several thin flux tubes starting from network intersections without Ne VIII blue-shifts. The cross sections of such open magnetic field structures are generally consistent with the dark regions of Fe XII (195Ǻ) radiation at its emission height (~25 Mm). Fe XII (195Ǻ) dark region may be the source region of solar wind for its low plasma density. Hereby, we conclude that solar wind can originate in the “multi-foot vessel” like magnetic structure in the QS, which provides a new idea for research on solar wind origin in the QS. 
In the third chapter, we build up a one-dimensional one-fluid model with mass and energy input at the middle of the flow tube, to describe the solar wind outflow and convection return flow driven by meso-scale magnetic reconnection. Previously, the mass and energy for solar wind initial outflow are supplied directly from the photosphere in the one-dimensional flow tube. Such class of solar wind modeling is suspected since it ignores the important effect of horizontal flows in the photosphere and chromosphere. Tu et al. [2005] presented a new scenario of solar wind origin with magnetic reconnection as the drive. In the scenario, meso-scale closed loops in the intra-network are pushed by super-granulation advection toward the network; magnetic reconnection occurs after the collision between closed loops and open field lines at the network; mass and magnetic energy of the closed loops are thus transferred through reconnection to the open funnel resulting in solar wind outflow and return flow. However, this scenario is just a conjecture without quantitative modeling. To check this scenario, we develop the numerical model with mass and energy deposited at the middle of flow tube. This numerical model explains various observational results, including observations of upward and downward flow, supports the scenario by Tu et al. [2005], and makes the basis for further three-dimensional modeling of solar wind origin. 
In the fourth chapter, we study physical process of magnetic reconnection. In solar wind modeling, magnetic reconnection usually plays a crucial role in providing energy to solar wind. However, artificial anomalous resistivity is often added to drive reconnection, the process driving reconnection remains for further research. Previous 3-D reconnection researches are mostly concentrated on magnetic field topology and lack in study of the physical process in the 3-D reconnection region. Magnetic field diffusion is controlled by the electron dynamics in the inner reconnection region. Electron dynamics in the inner reconnection region is scarcely observed due to the small size of inner reconnection region. Simultaneous measurements from Cluster four satellites provide us a good opportunity to research the micro-physics of 3-D magnetic reconnection. Previous method to study 3-D reconnection scenario using Cluster measurements is limited to judging whether or not one single null exists at one time and is unable to reconstruct the reconnection configuration including a null-pair at one time. Here, we bring forward a new method to reconstruct magnetic field configuration with Cluster in situ measurements, and succeed in reconstructing a magnetic null-pair structure. In the inner reconnection region, we find electrons are temporarily trapped and accelerated to electron Alfvén speed, and high-frequency electrostatic waves are enhanced there. Hereby, we present a new concept of 3-D reconnection driven by interaction between trapped electrons and electrostatic waves. This work result has broken through the limits of previous theoretical and observational studies on 3D magnetic reconnection, improves our understanding on physical process in the inner reconnection region, and thus promotes the research on modeling of solar wind origin driven by magnetic reconnection.
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