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中  文  摘  要

	[特别说明：作者的学位论文完稿于2005.7，当时Fan & Wei (2005),Fan, Zhang & Proga (2005)和Zhang, Fan & Dyks et al. (2006)等工作正在进行或刚完成投稿；所以那些(重要的)工作在博士论文里只是很简单的提及甚至没有提及。为了保持和毕业答辩论文的一致，我们这里没有把那些工作的内容概述到这个摘要里]

伽玛射线暴(GRB),简单地说就是空间中伽玛波段(通常定义100keV以上的电磁波能段为伽玛波段)流量急剧增加又急剧衰减的现象. 从持续时标上伽玛射线暴可以分为两类：一类是 长暴，其持续时标长于2秒；持续时标短于2秒的暴称为短暴。现阶段人们普遍认为长暴诞生于大质量恒星的死亡, 而短暴源于双中子星的合并. 但GRB爆发的真正机制---是通过B-Z机制提取中心黑洞的转动能? 是被吸积物质的引力能释放? 还是大量的正反中微子湮灭? 一切尚不明了! 我们认为那些不同的能量释放方式会导致不同的外流体物质组分(磁场为主, 或是热成分为主并载有大量的中子物质),我们期盼通过GRB外流体物质组分的研究来限制GRB的爆发机制.

论文的第一章总结了32年来人们在伽玛暴的观测和理论探讨中取得的一些重要进展. 第二章到第六章是作者博士阶段(2003-2005)完成的部分工作.

考虑到 “GRB外流体的反向激波区域可能是磁化的(这为作者在2002年首次发现)”以及“部分GRB的伽玛射线辐射可能是高偏振的”,在第二章中我们采用严格的磁化流体的激波跳跃条件，系统地讨论了(规则)磁化的内激波以及反向激波的辐射特征. 我们的计算表明: 除非磁化度非常弱,来自外流体本身区域的多波段辐射的线偏振度都非常高.所以即使GRB的伽玛射线辐射是高线偏振的,GRB外流体也不一定是Poynting流为主的. 我们认为中等磁化的GRB外流体可以很好地解释现有的观测. 我们指出：如果GRB外流体是弱磁化的，那么反向激波的光学紫外辐射就会增亮； 如果反向激波是强磁化的，那么反向激波的光学紫外辐射就会减弱。这是因为在后者的情况下，参与辐射的电子数目减少并且反向激波本身受到了抑制。我们还给出了具有磁耗散的相对论磁流体激波跳跃条件的解析逼近解, 讨论了激波存在条件对磁耗散度的限制.

理论上, GRB外流体中可能含有大量中子,但一直没有很好的办法去证实其存在.在第三章中我们提出了富中子的内激波模型. 其要点是: 在内激波阶段,和快慢质子壳层耦合在一起的中子壳层的Lorentz因子也是不一样的, 那些比较慢的中子(Lorentz因子约为几十)将在
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cm尺度范围内衰变掉. 如果一个GRB持续的时间足够长,早期喷出的慢中子的衰变产物将被晚期喷出的离子物质激波化,产生较强的低能波段辐射. 该模型最大的优点是它受的自吸收作用较弱,所得的谱较平, 这和GRB 041219a的观测吻合的较好. 我们认为GRB041219a的瞬时红外/光学闪耀是GRB外流体中存在大量“中子”的第一个观测依据.在该章的最后我们还详尽地计算了富中子外流体的反向激波辐射.我们发现: 在特定的边界条件下, 富含中子的外流体的极早期余辉会出现“平台”(星风介质)和“隆起”(均匀介质)现象.原则上, 早期余辉的细致观测结果可以用来限制外流体的中子成分含量.
在拟合观测中我们发现，部分GRB外流体可能是磁化的，但一些GRB外流体可能是富中子的，这表明GRB中心能源提取能量的方式可能是多样化的。
在第四章, 我们结合下一代高能天文卫星GLAST的科学目标, 预言了三种高能光子辐射现象: a.由于瞬时伽玛光子和正向/反向激波化区域的重叠,GRB的外流体和致密星风介质作用初期, 瞬时伽玛光子将会被激波化的电子闪射并产生亚GeV高能光子闪耀; b. TeV Blazar H1426+428的TeV光子在向我们传播的过程中会被宇宙红外背景光子吸收产生正负电子对，这些高能的正负电子对会闪射宇宙微波背景光子产生强的GeV辐射。只要星系际的磁场弱于
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Gauss, 该高能辐射就能够被GLAST看到; c. SGR的Giant Flare可能也是一个相对论的外流体，其Lorentz因子可能为10左右。该外流与外部介质作用产生形成激波。如果激波后，部分的外流体能量被用来加速电子和产生磁场，那些电子的同步辐射将产生观测到的射电余辉。我们计算了那些电子的同步自康普顿辐射，发现其主要集中在亚GeV能段.这些高能光子的理论预言流量都显著的高于GLAST的探测阈值,应该能被观测到.

第五章中我们讨论了X射线闪(一种谱比较软的伽玛暴)的极早期余辉辐射,我们发现对于较近的X射线闪, Swift可能能够探测到其反向激波光学辐射.对于不同的模型(on-beam 和 off-beam模型), 所得的极早期余辉差别很大. 原则上我们可以通过相关观测来区分它们.

第六章中我们讨论了不同前身星模型下短暴的余辉观测特征.计算表明光学波段的余辉尽管比较暗, 但在Swift时代,它们仍然能够被探测到.我们指出如果短暴的后期余辉中出现了非常显著的增亮现象,双中子星合并模型就将会遭受质疑.

第七章是我们对未来工作的展望. 




关键词：  伽玛射线: 暴发，磁场, 中子, 激波, 星际介质: 喷流与外流, 辐射: 非热辐射
The physical composition of the GRB outflow and the observable signatures
Fan Yi-Zhong
ABSTRACT
	Gamma-ray Bursts (GRBs), short and intense pulses of low-energy gamma-rays, have fascinated astronomers and astrophysicists since the discovery in the late sixties. Thanks the fantastic discoveries made by the satellites BATSE, Beppos-SAX, HETE-II and Swift, now we know that GRBs could be classed into two groups. The long GRBs have a duration longer than 2 sec. Others have a duration shorter than 2 sec are named as short GRBs. It is widely believed that long GRBs are relevant to the death of massive star, and the short GRBs are powered by double neutron star merger. However, the underlying physical processes pumping such huge amount of energy from the central engine in a timescale ~0.01-100 sec is not clear. It could be extracting the spin energy of the rapid rotating central source by the B-Z process, or releasing the bounding energy of the accreted matter, or annihilation of the antineutrons and neutrinos. Different energy extraction process, of course, results in outflow with different physical composition. The physical composition of the outflow in turn sheds some light on the central engine of GRBs. That's why we focus on this topic in 2003.9-2005.9. 

In Chap. 1, we review the important observations of Gamma-ray Burst (GRB) afterglows and the widely accepted theoretical models.

There are two independent pieces of evidences for the magnetized outflow model of Gamma-ray Bursts. One is that ``the reverse shock regions of some GRBs are likely to be magnetized", as found by the author in 2002 for the first time. The other is that ``in a few GRBs, the prompt 
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ray emission is likely to be highly polarized". Motivated by these two facts, in Chap. 2, we discuss the internal shocks and the very early reverse shock emission with ordered magnetization. We show that if the outflow is magnetized initially (not necessarily to be highly magnetized), high linear polarization should be detected in multi-wavelength emission coming from the outflow. We suggest that the mildly magnetized outflow model can explain the available observations. We point out that: if the GRB outflow is just weakly magnetized, the IR/optical emission of the reverse shock will be stronger than that of the non-magnetized outflow; however, if the outflow is strongly magnetized, the reverse shock emission will be suppressed effectively. This is because in the highly magnetized case, the total number of electrons involved in the emission decreases and the strength of the reverse shock has been suppressed。In addition, we also present the approximated solution of the MHD shock jump condition, in which the magnetic dissipation has been taken into account. The constraint on the magnetic dissipation has also been discussed. 
In principle, the GRB outflow could be neutron-rich. However, a reliable probe is needed. In Chap.3, we propose the so-called neutron-rich internal shock model.  The key point is that in the internal shock phase, the neutron shells associated with the fast and slow proton shells should have a different Lorentz factor. These slower neutrons moving with a Lorentz factor about tens will decay into protons at a radius 
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cm. As long as the prompt emission lasts long enough, the decay production of the early slow neutrons will be shocked by the late but faster ion  material and give rise to bright long wavelength flashes. That prediction may have already been verified by the observation of GRB 041219a. Therefore, the prompt IR/Optical flashes detected in GRB 041219a provides us the first possible evidence for the existence of neutrons in GRB outflows. In addition, in the very early afterglow phase, due to neutron-fed, there come some novel signatures, i.e., ``plateau" in wind model and ``bumps" in ISM model, which may help us to diagnose the existence of the neutron component in GRB fireballs. 

GLAST is an upcoming satellite working in the 20MeV-300GeV energy band and may play an important role on detecting various high energy emission phenomena. In Chap.4, we predict three new high energy signatures：(i) For the initial GRB outflow expanding into the dense stellar wind, at very early time, the prompt 
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rays overlap with the forward/reverse shock regions, cool the shocked electrons and give rise to sub-GeV photon flash;(ii) The TeV photons of the TeV Blazar H1426+428 will be absorbed by the IR-background photons before reaching us. As a result, ultra-relativistic 
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 are produced. These pairs will scatter the microwave background photons and yield strong GeV photon emission. Such a kind of high energy signature is detectable as long as the intergalactic magnetic field is weaker than 
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Gauss; (iii) If the outflow of the SGR Giant Flare is relativistic with a Lorentz 
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, the interaction of the outflow and the medium will generate strong shocks。If part of the shock energy has been given to the electrons and the magnetic field, the synchrotron radiation of these shocked electrons will account for the detected radio afterglow. We have calculated the synchrotron self-Compton radiation of these electrons and found out that it peaks in the sub-GeV band. The predicted fluxes of these three high energy emissions are higher than the detection threshold of the GLAST and may be detectable in the near future.

In Chap. 5, the very early afterglow of X-ray flashes have been discussed. We show that at least for some nearby 
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 XRF, their reverse shock emission can be detected by the UVOT on board Swift. We also find out that for the two kinds of models (on-beam ones and off-beam one), the resulted very early afterglow light curves are very different, which in turn provides us a chance to distinguish them.

 In Chap. 6, the optical afterglow of short burst has been discussed for distinct progenitor scenarios. We show that all these optical afterglows are bright enough to be detected by the UVOT and different models could be distinguished with a well-monitored light curve.

 The prospects of GRB study have been discussed briefly in Chap. 7.


Key words:   Gamma-rays: bursts，magnetic fields, neutron, shock, ISM: jets and outflows, radiation mechanism: non-thermal
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