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粒⼦子物理理：  
“基本粒⼦子和基本相互作⽤用”
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粒⼦子物理理标准模型
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规范对称性

夸 
克

轻 
⼦

三代费⽶⼦

规
范
玻
⾊
⼦

标量粒
⼦ Higgs

强、弱、电磁相互作⽤用

SU(3)C ⇥ SU(2)L ⇥ U(1)Y
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标准模型拉⽒氏量量
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标准模型拉⽒氏量量
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标准模型中的相互作⽤用
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粒⼦子物理理标准模型

• 基于 SU(3)xSU(2)xU(1) 规范对称性; 

• 三代夸克和轻⼦子：6 味夸克，3 味带电轻⼦子，3 味中微⼦子; 

• 夸克和胶⼦子禁闭于强⼦子（介⼦子、重⼦子、…）中; 

• 夸克味混合：KM 机制，CP 破坏跟 CKM 混合矩阵中相
位有关; 

• 基本粒⼦子相互作⽤用中重⼦子数和轻⼦子数守恒; 

• …
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标准模型 

是⼀一个被实验“成功”检验的理理论！
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所谓问题？

• 为什什么是三代费⽶米⼦子？ 

• 费⽶米⼦子的质量量等级为何相差很⼤大？ 

• 为什什么规范对称性是 SU(3)xSU(2)xU(1)? 

• 为什什么重⼦子数和轻⼦子数守恒？ 

• 为什什么 C, P, CP 对称性破缺？ 

• 中微⼦子质量量从何⽽而来？ 

• 暗物质是什什么？ 

• 宇宙中正反物质为何不不对称？ 

• …
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超出标准模型外的物理理迹象 

中微⼦子振荡

�10

（I） 中微⼦是有质量粒⼦:  

中微⼦子源 中微⼦子探测器器

↵�

⌫↵
W+

W+

��

⌫�
质量量本征态    

⌫1, ⌫2, ⌫3弱作⽤用 
本征态

弱作⽤用 
本征态



1000吨液
闪

超出标准模型外的物理理迹象 
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（I） 中微⼦是有质量粒⼦:  在太阳中微⼦子、⼤大⽓气中微⼦子、反应堆中微⼦子实
验中发现了了中微⼦子存在不不同味之间的振荡现象。

⼤大⽓气层
宇宙射线

超级神冈

1000顿重⽔水 

可探测3类型中微⼦子 

切伦科夫 
辐射

9600个 

光电倍增管 

地下2100⽶米 

Super-Kamiokande SNO KamLAND



超出标准模型外的物理理迹象 
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中微⼦子传播过程中存在振荡现象说明中微⼦子具有质量量。

最⼩小标准模型，只有左⼿手中微⼦子，中微⼦子质量量为零。

需要超出标准模型外的新物理理 

螺旋度不不是Lorentz不不变，可以随参考系变换变化，有质量量粒⼦子低于

光速运动，可改变螺旋度。中微⼦子不不完全表现为“左撇⼦子”。



超出标准模型外的物理理迹象 
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（II） 暗物质是什么粒⼦？  



超出标准模型外的物理理迹象 
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（II） 暗物质是什么粒⼦？  

存在引⼒力力相互作⽤用； 
电中性或极弱电磁作⽤用； 
⾮非重⼦子物质； 
和普通物质相互作⽤用较弱； 
⾮非相对论性运动 （“冷”暗物
质）； 
稳定粒⼦子或粒⼦子寿命⼤大于宇宙寿
命； 标准模型中没有合适的 

暗物质粒⼦子候选者。



超出标准模型外的物理理迹象 
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（III） 宇宙中正反物质不对称  

10,000,000,002 10,000,000,000

物质 反物质



超出标准模型外的物理理迹象 

�16

（III） 宇宙中正反物质不对称  

10,000,000,002 10,000,000,000

物质 反物质



超出标准模型外的物理理迹象 

�16

（III） 宇宙中正反物质不对称  

我们

物质

难以置信的 
精确相消

（0.0000000002）



超出标准模型外的物理理迹象 
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（III） 宇宙中正反物质不对称  

10,000,000,001 10,000,000,001

物质 反物质



超出标准模型外的物理理迹象 
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10,000,000,001 10,000,000,001

物质 反物质

（III） 宇宙中正反物质不对称  



超出标准模型外的物理理迹象 
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我们

物质

物理理机制 
导致不不对称 

（0.0000000002）

（III） 宇宙中正反物质不对称  



超出标准模型外的物理理迹象 

Sakharov 三条件： 

1，重⼦子数破坏； 

2，电荷共轭（C）和电荷共轭宇称（CP）对称性破坏； 

3，不不可逆过程，脱离平衡态；

�19

重⼦子起源：需要除标准模型夸克部分 KM 机制外的 
CP 对称性破缺起源。

（III） 宇宙中正反物质不对称  



超出标准模型新物理理
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• 新的粒⼦子：扩充费⽶米⼦子，规范
玻⾊色⼦子，Higgs，… 

• 新的规范对称性 ：扩充对称
性，更更⼤大的对称群，… 

• 新的时空结构：额外的维
度，…

理论： 实验： 

• 发现新的共振态； 

• 发现新的相互作⽤用形式；



超出标准模型新物理理
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1019 GeV
<latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit>

102 GeV
<latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit>

1016 GeV
<latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit>

100 MeV
<latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit> QCD 能

电弱能

⼤大统⼀一能

普朗克能

seesaw 能1010 GeV
<latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit>

103 GeV
<latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit>

标
准
模
型

TeV 物



超出标准模型新物理理

�21

1019 GeV
<latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit>

102 GeV
<latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit>

1016 GeV
<latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit>

100 MeV
<latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit> QCD 能

电弱能

⼤大统⼀一能

普朗克能

seesaw 能1010 GeV
<latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit>

103 GeV
<latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit>
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超出标准模型新物理理

�21

Bottom-up approach

1019 GeV
<latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit>

102 GeV
<latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit>

1016 GeV
<latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit>

100 MeV
<latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit> QCD 能

电弱能

⼤大统⼀一能

普朗克能

seesaw 能1010 GeV
<latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit>

103 GeV
<latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit>
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超出标准模型新物理理

�21

Bottom-up approach

加⼊入额外粒⼦子： 
第四代费⽶米⼦子， 
seesaw 模型， 
双⼆二重态 Higgs 模型， 
Leptoquarks， 
Z prime，W prime， 
dark photons， 
…

1019 GeV
<latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit>

102 GeV
<latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit>

1016 GeV
<latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit>

100 MeV
<latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit> QCD 能

电弱能

⼤大统⼀一能

普朗克能

seesaw 能1010 GeV
<latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit>

103 GeV
<latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit>
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超出标准模型新物理理

�21

Bottom-up approach

Top-down approach

加⼊入额外粒⼦子： 
第四代费⽶米⼦子， 
seesaw 模型， 
双⼆二重态 Higgs 模型， 
Leptoquarks， 
Z prime，W prime， 
dark photons， 
…

1019 GeV
<latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit>

102 GeV
<latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit>

1016 GeV
<latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit>

100 MeV
<latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit> QCD 能

电弱能

⼤大统⼀一能

普朗克能

seesaw 能1010 GeV
<latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit>

103 GeV
<latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit>
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超出标准模型新物理理

�21

Bottom-up approach

Top-down approach

左右对称模型， 
超对称模型， 
⼤大统⼀一模型， 
…

加⼊入额外粒⼦子： 
第四代费⽶米⼦子， 
seesaw 模型， 
双⼆二重态 Higgs 模型， 
Leptoquarks， 
Z prime，W prime， 
dark photons， 
…

1019 GeV
<latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit><latexit sha1_base64="X/JGnFyWlFsQmuD4JN4bTpJCRCM=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtihuZc5Y6MoCXrJMN7DKqIIQwxjAnuHaKDGk06lVchzi3DMpggdbAfneGEU0CFmoqiFJ9jGLtpkRqTgXLik6iWEzohIxY39CQBEy56ez2DB4ZZQj9SJoKNZyp3ydSEig1DTzTGRA9Vr+9XPzL6yfar7spD+NEs5DOF/mJgDqCeRBwyCWjWkwNIVRycyukYyIJ1Sauognh61P4P+lUKxhV8PVJuXm+iKMADsAhOAYY1EATXIEWaAMK7sEDeALPVmY9Wi/W67x1yVrM7IMfsN4+AcZLk6I=</latexit>

102 GeV
<latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit><latexit sha1_base64="iKwZXLZTt87K0aaK9S/lniNtkes=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwVZIitsVN0YUuK9gHdMaSSdM2NJkZkkyhDP0TNy4UceufuPNvzLQVVPTAhcM593LvPUEsuDYIfTi5ldW19Y38ZmFre2d3z90/aOkoUZQ1aSQi1QmIZoKHrGm4EawTK0ZkIFg7GF9lfnvClOZReGemMfMlGYZ8wCkxVuq5Lkb3Ze8Cpp6S8Jq1Zj23iEoIIYwxzAiunCNLarVqGVchziyLIlii0XPfvX5EE8lCQwXRuotRbPyUKMOpYLOCl2gWEzomQ9a1NCSSaT+dXz6DJ1bpw0GkbIUGztXvEymRWk9lYDslMSP928vEv7xuYgZVP+VhnBgW0sWiQSKgiWAWA+xzxagRU0sIVdzeCumIKEKNDatgQ/j6FP5PWuUSRiV8e1asXy7jyIMjcAxOAQYVUAc3oAGagIIJeABP4NlJnUfnxXldtOac5cwh+AHn7RPQ+JJ+</latexit>

1016 GeV
<latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit><latexit sha1_base64="PxxjZegdaqYj3ah14va73zviAaw=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIvgqiRF+sBN0YUuK9gHdGrJpGkbmnmQZIRhGH/FjQtF3Poh7vwbM20FFT1w4XDOvdx7jxsKrjRCH1ZuZXVtfSO/Wdja3tnds/cPOiqIJGVtGohA9lyimOA+a2uuBeuFkhHPFazrzi4yv3vHpOKBf6PjkA08MvH5mFOijTS0ixjdJriaOmcwcaQHL1knHdolVEYIYYxhRnCtigxpNOoVXIc4swxKYInW0H53RgGNPOZrKohSfYxCPUiI1JwKlhacSLGQ0BmZsL6hPvGYGiTz41N4bJQRHAfSlK/hXP0+kRBPqdhzTadH9FT99jLxL68f6XF9kHA/jDTz6WLROBJQBzBLAo64ZFSL2BBCJTe3QjolklBt8iqYEL4+hf+TTqWMURlfn5aa58s48uAQHIETgEENNMEVaIE2oCAGD+AJPFv31qP1Yr0uWnPWcqYIfsB6+wQbJJPJ</latexit>

100 MeV
<latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit><latexit sha1_base64="PU4xYcjRH6CXWCOLUQ6gxdisiKQ=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCq5IUsS1uim7cCBXsAzpDyaRpG5rMDElGqEO/xI0LRdz6Ke78GzNtBRU9cOFwzr3ce08QC64NQh9ObmV1bX0jv1nY2t7ZLbp7+20dJYqyFo1EpLoB0UzwkLUMN4J1Y8WIDATrBJPLzO/cMaV5FN6aacx8SUYhH3JKjJX6bhEj5J3D1FMSXrP2rO+WUBkhhDGGGcHVM2RJvV6r4BrEmWVRAks0++67N4hoIlloqCBa9zCKjZ8SZTgVbFbwEs1iQidkxHqWhkQy7afzw2fw2CoDOIyUrdDAufp9IiVS66kMbKckZqx/e5n4l9dLzLDmpzyME8NCulg0TAQ0EcxSgAOuGDViagmhittbIR0TRaixWRVsCF+fwv9Ju1LGqIxvTkuNi2UceXAIjsAJwKAKGuAKNEELUJCAB/AEnp1759F5cV4XrTlnOXMAfsB5+wQeRJIa</latexit> QCD 能

电弱能

⼤大统⼀一能

普朗克能

seesaw 能1010 GeV
<latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit><latexit sha1_base64="srPInq5F2CnjX2vKxx5yFuczSOk=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFclaSIbXFTdKHLCvYBnbFk0kwbmnmQZMQyzK+4caGIW3/EnX9jpq2gogcuHM65l3vv8WLBlUbow1paXlldWy9sFDe3tnd27b1SR0WJpKxNIxHJnkcUEzxkbc21YL1YMhJ4gnW9yUXud++YVDwKb/Q0Zm5ARiH3OSXaSAO7hNFtilHmnKWODOAl62QDu4wqCCGMMcwJrp0iQxqNehXXIc4tgzJYoDWw351hRJOAhZoKolQfo1i7KZGaU8GyopMoFhM6ISPWNzQkAVNuOrs9g0dGGUI/kqZCDWfq94mUBEpNA890BkSP1W8vF//y+on2627KwzjRLKTzRX4ioI5gHgQccsmoFlNDCJXc3ArpmEhCtYmraEL4+hT+TzrVCkYVfH1Sbp4v4iiAA3AIjgEGNdAEV6AF2oCCe/AAnsCzlVmP1ov1Om9dshYz++AHrLdPuDuTmQ==</latexit>

103 GeV
<latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit><latexit sha1_base64="UFAtXLFh3TYm1uByi2lFCs4JFBI=">AAAB+XicdVDLSgMxFM34rPU16tJNsAgupCRVbLsrutBlBfuAzlgyadqGZjJDkimUoX/ixoUibv0Td/6NmbaCih64cDjnXu69J4gF1wahD2dpeWV1bT23kd/c2t7Zdff2mzpKFGUNGolItQOimeCSNQw3grVjxUgYCNYKRleZ3xozpXkk78wkZn5IBpL3OSXGSl3Xxej+zDuFqadCeM2a065bQEWEEMYYZgSXL5Al1WqlhCsQZ5ZFASxQ77rvXi+iScikoYJo3cEoNn5KlOFUsGneSzSLCR2RAetYKknItJ/OLp/CY6v0YD9StqSBM/X7REpCrSdhYDtDYob6t5eJf3mdxPQrfsplnBgm6XxRPxHQRDCLAfa4YtSIiSWEKm5vhXRIFKHGhpW3IXx9Cv8nzVIRoyK+PS/ULhdx5MAhOAInAIMyqIEbUAcNQMEYPIAn8OykzqPz4rzOW5ecxcwB+AHn7RO7NpJw</latexit>
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第四代费⽶米⼦子

• 是否存在更更多代的费⽶米⼦子？ 

• Z 粒⼦子不不可⻅见衰变宽度说明，额
外代的轻中微⼦子质量量要⼤大于 Z 
粒⼦子⼀一半。 

• 夸克混合矩阵改变，三代 CKM 
矩阵的⺓⼳幺正性测量量会给出标准
模型夸克和第四代夸克混合的
限制。 

• 更更多的 CP 相位。 

• …
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t0
<latexit sha1_base64="f2w7019C2WZDNOQxxDIiEtS6Jpg=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgadlNYmJuQS8eI5gHJGuYncwmQ2Z215leISz5CS8eFPHq73jzb5w8BBUtaCiquunu8mPBNTjOh5VZWV1b38hu5ra2d3b38vsHLR0lirImjUSkOj7RTPCQNYGDYJ1YMSJ9wdr++HLmt++Z0jwKb2ASM0+SYcgDTgkYqQO3vVhxyfr5gmO7JbdUPsOOXavVKtWqIU6xVCmWsWs7cxTQEo1+/r03iGgiWQhUEK27rhODlxIFnAo2zfUSzWJCx2TIuoaGRDLtpfN7p/jEKAMcRMpUCHiufp9IidR6In3TKQmM9G9vJv7ldRMIzr2Uh3ECLKSLRUEiMER49jwecMUoiIkhhCpubsV0RBShYCLKmRC+PsX/k1bRdk1W1+VC/WIZRxYdoWN0ilxURXV0hRqoiSgS6AE9oWfrznq0XqzXRWvGWs4coh+w3j4BsXKQZg==</latexit><latexit sha1_base64="f2w7019C2WZDNOQxxDIiEtS6Jpg=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgadlNYmJuQS8eI5gHJGuYncwmQ2Z215leISz5CS8eFPHq73jzb5w8BBUtaCiquunu8mPBNTjOh5VZWV1b38hu5ra2d3b38vsHLR0lirImjUSkOj7RTPCQNYGDYJ1YMSJ9wdr++HLmt++Z0jwKb2ASM0+SYcgDTgkYqQO3vVhxyfr5gmO7JbdUPsOOXavVKtWqIU6xVCmWsWs7cxTQEo1+/r03iGgiWQhUEK27rhODlxIFnAo2zfUSzWJCx2TIuoaGRDLtpfN7p/jEKAMcRMpUCHiufp9IidR6In3TKQmM9G9vJv7ldRMIzr2Uh3ECLKSLRUEiMER49jwecMUoiIkhhCpubsV0RBShYCLKmRC+PsX/k1bRdk1W1+VC/WIZRxYdoWN0ilxURXV0hRqoiSgS6AE9oWfrznq0XqzXRWvGWs4coh+w3j4BsXKQZg==</latexit><latexit sha1_base64="f2w7019C2WZDNOQxxDIiEtS6Jpg=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgadlNYmJuQS8eI5gHJGuYncwmQ2Z215leISz5CS8eFPHq73jzb5w8BBUtaCiquunu8mPBNTjOh5VZWV1b38hu5ra2d3b38vsHLR0lirImjUSkOj7RTPCQNYGDYJ1YMSJ9wdr++HLmt++Z0jwKb2ASM0+SYcgDTgkYqQO3vVhxyfr5gmO7JbdUPsOOXavVKtWqIU6xVCmWsWs7cxTQEo1+/r03iGgiWQhUEK27rhODlxIFnAo2zfUSzWJCx2TIuoaGRDLtpfN7p/jEKAMcRMpUCHiufp9IidR6In3TKQmM9G9vJv7ldRMIzr2Uh3ECLKSLRUEiMER49jwecMUoiIkhhCpubsV0RBShYCLKmRC+PsX/k1bRdk1W1+VC/WIZRxYdoWN0ilxURXV0hRqoiSgS6AE9oWfrznq0XqzXRWvGWs4coh+w3j4BsXKQZg==</latexit><latexit sha1_base64="f2w7019C2WZDNOQxxDIiEtS6Jpg=">AAAB73icdVDLSgNBEJyNrxhfUY9eBoPgadlNYmJuQS8eI5gHJGuYncwmQ2Z215leISz5CS8eFPHq73jzb5w8BBUtaCiquunu8mPBNTjOh5VZWV1b38hu5ra2d3b38vsHLR0lirImjUSkOj7RTPCQNYGDYJ1YMSJ9wdr++HLmt++Z0jwKb2ASM0+SYcgDTgkYqQO3vVhxyfr5gmO7JbdUPsOOXavVKtWqIU6xVCmWsWs7cxTQEo1+/r03iGgiWQhUEK27rhODlxIFnAo2zfUSzWJCx2TIuoaGRDLtpfN7p/jEKAMcRMpUCHiufp9IidR6In3TKQmM9G9vJv7ldRMIzr2Uh3ECLKSLRUEiMER49jwecMUoiIkhhCpubsV0RBShYCLKmRC+PsX/k1bRdk1W1+VC/WIZRxYdoWN0ilxURXV0hRqoiSgS6AE9oWfrznq0XqzXRWvGWs4coh+w3j4BsXKQZg==</latexit>

b0
<latexit sha1_base64="8saXL+sqacaWJZ+tRVQ9pgN6SXM=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadlNYmJuQS8eI5gHJGuYncwmQ2Z215lZISz5CS8eFPHq73jzb5w8BBUtaCiquunu8mPOlHacDyuzsrq2vpHdzG1t7+zu5fcPWipKJKFNEvFIdnysKGchbWqmOe3EkmLhc9r2x5czv31PpWJReKMnMfUEHoYsYARrI3X8214smaD9fMGx3ZJbKp8hx67VapVq1RCnWKoUy8i1nTkKsESjn3/vDSKSCBpqwrFSXdeJtZdiqRnhdJrrJYrGmIzxkHYNDbGgykvn907RiVEGKIikqVCjufp9IsVCqYnwTafAeqR+ezPxL6+b6ODcS1kYJ5qGZLEoSDjSEZo9jwZMUqL5xBBMJDO3IjLCEhNtIsqZEL4+Rf+TVtF2TVbX5UL9YhlHFo7gGE7BhSrU4Qoa0AQCHB7gCZ6tO+vRerFeF60ZazlzCD9gvX0ClayQVA==</latexit><latexit sha1_base64="8saXL+sqacaWJZ+tRVQ9pgN6SXM=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadlNYmJuQS8eI5gHJGuYncwmQ2Z215lZISz5CS8eFPHq73jzb5w8BBUtaCiquunu8mPOlHacDyuzsrq2vpHdzG1t7+zu5fcPWipKJKFNEvFIdnysKGchbWqmOe3EkmLhc9r2x5czv31PpWJReKMnMfUEHoYsYARrI3X8214smaD9fMGx3ZJbKp8hx67VapVq1RCnWKoUy8i1nTkKsESjn3/vDSKSCBpqwrFSXdeJtZdiqRnhdJrrJYrGmIzxkHYNDbGgykvn907RiVEGKIikqVCjufp9IsVCqYnwTafAeqR+ezPxL6+b6ODcS1kYJ5qGZLEoSDjSEZo9jwZMUqL5xBBMJDO3IjLCEhNtIsqZEL4+Rf+TVtF2TVbX5UL9YhlHFo7gGE7BhSrU4Qoa0AQCHB7gCZ6tO+vRerFeF60ZazlzCD9gvX0ClayQVA==</latexit><latexit sha1_base64="8saXL+sqacaWJZ+tRVQ9pgN6SXM=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadlNYmJuQS8eI5gHJGuYncwmQ2Z215lZISz5CS8eFPHq73jzb5w8BBUtaCiquunu8mPOlHacDyuzsrq2vpHdzG1t7+zu5fcPWipKJKFNEvFIdnysKGchbWqmOe3EkmLhc9r2x5czv31PpWJReKMnMfUEHoYsYARrI3X8214smaD9fMGx3ZJbKp8hx67VapVq1RCnWKoUy8i1nTkKsESjn3/vDSKSCBpqwrFSXdeJtZdiqRnhdJrrJYrGmIzxkHYNDbGgykvn907RiVEGKIikqVCjufp9IsVCqYnwTafAeqR+ezPxL6+b6ODcS1kYJ5qGZLEoSDjSEZo9jwZMUqL5xBBMJDO3IjLCEhNtIsqZEL4+Rf+TVtF2TVbX5UL9YhlHFo7gGE7BhSrU4Qoa0AQCHB7gCZ6tO+vRerFeF60ZazlzCD9gvX0ClayQVA==</latexit><latexit sha1_base64="8saXL+sqacaWJZ+tRVQ9pgN6SXM=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadlNYmJuQS8eI5gHJGuYncwmQ2Z215lZISz5CS8eFPHq73jzb5w8BBUtaCiquunu8mPOlHacDyuzsrq2vpHdzG1t7+zu5fcPWipKJKFNEvFIdnysKGchbWqmOe3EkmLhc9r2x5czv31PpWJReKMnMfUEHoYsYARrI3X8214smaD9fMGx3ZJbKp8hx67VapVq1RCnWKoUy8i1nTkKsESjn3/vDSKSCBpqwrFSXdeJtZdiqRnhdJrrJYrGmIzxkHYNDbGgykvn907RiVEGKIikqVCjufp9IsVCqYnwTafAeqR+ezPxL6+b6ODcS1kYJ5qGZLEoSDjSEZo9jwZMUqL5xBBMJDO3IjLCEhNtIsqZEL4+Rf+TVtF2TVbX5UL9YhlHFo7gGE7BhSrU4Qoa0AQCHB7gCZ6tO+vRerFeF60ZazlzCD9gvX0ClayQVA==</latexit>

⌫0
<latexit sha1_base64="MDM7ttKeQKicKJut6vDRhbgk0WQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKl1nZXdOOygn1gZyyZNNOGJpkhyQil9C/cuFDErX/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfJn5nXuqNIvljZkkNBB4KFnECDZWuvVleucnignaL5aQW69VUaUMkYtQrYyqlpwhr+7VoWeVDCWwRLNffPcHMUkFlYZwrHXPQ4kJplgZRjidFfxU0wSTMR7SnqUSC6qD6fziGTyxygBGsbIlDZyr3yemWGg9EaHtFNiM9G8vE//yeqmJasGUySQ1VJLFoijl0MQwex8OmKLE8IklmChmb4VkhBUmxoZUsCF8fQr/J+2y6yHXu66UGhfLOPLgCByDU+CBc9AAV6AJWoAACR7AE3h2tPPovDivi9acs5w5BD/gvH0CJhuROg==</latexit><latexit sha1_base64="MDM7ttKeQKicKJut6vDRhbgk0WQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKl1nZXdOOygn1gZyyZNNOGJpkhyQil9C/cuFDErX/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfJn5nXuqNIvljZkkNBB4KFnECDZWuvVleucnignaL5aQW69VUaUMkYtQrYyqlpwhr+7VoWeVDCWwRLNffPcHMUkFlYZwrHXPQ4kJplgZRjidFfxU0wSTMR7SnqUSC6qD6fziGTyxygBGsbIlDZyr3yemWGg9EaHtFNiM9G8vE//yeqmJasGUySQ1VJLFoijl0MQwex8OmKLE8IklmChmb4VkhBUmxoZUsCF8fQr/J+2y6yHXu66UGhfLOPLgCByDU+CBc9AAV6AJWoAACR7AE3h2tPPovDivi9acs5w5BD/gvH0CJhuROg==</latexit><latexit sha1_base64="MDM7ttKeQKicKJut6vDRhbgk0WQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKl1nZXdOOygn1gZyyZNNOGJpkhyQil9C/cuFDErX/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfJn5nXuqNIvljZkkNBB4KFnECDZWuvVleucnignaL5aQW69VUaUMkYtQrYyqlpwhr+7VoWeVDCWwRLNffPcHMUkFlYZwrHXPQ4kJplgZRjidFfxU0wSTMR7SnqUSC6qD6fziGTyxygBGsbIlDZyr3yemWGg9EaHtFNiM9G8vE//yeqmJasGUySQ1VJLFoijl0MQwex8OmKLE8IklmChmb4VkhBUmxoZUsCF8fQr/J+2y6yHXu66UGhfLOPLgCByDU+CBc9AAV6AJWoAACR7AE3h2tPPovDivi9acs5w5BD/gvH0CJhuROg==</latexit><latexit sha1_base64="MDM7ttKeQKicKJut6vDRhbgk0WQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjKl1nZXdOOygn1gZyyZNNOGJpkhyQil9C/cuFDErX/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BW8epIrRFYh6rbog15UzSlmGG026iKBYhp51wfJn5nXuqNIvljZkkNBB4KFnECDZWuvVleucnignaL5aQW69VUaUMkYtQrYyqlpwhr+7VoWeVDCWwRLNffPcHMUkFlYZwrHXPQ4kJplgZRjidFfxU0wSTMR7SnqUSC6qD6fziGTyxygBGsbIlDZyr3yemWGg9EaHtFNiM9G8vE//yeqmJasGUySQ1VJLFoijl0MQwex8OmKLE8IklmChmb4VkhBUmxoZUsCF8fQr/J+2y6yHXu66UGhfLOPLgCByDU+CBc9AAV6AJWoAACR7AE3h2tPPovDivi9acs5w5BD/gvH0CJhuROg==</latexit>

⌧ 0
<latexit sha1_base64="6PmvW0g+uCjFlCsKrWg4Fru8R9Y=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbMhxuQW9OIxgnlAdg2zk9lkyOyDmV4hLPkMLx4U8erXePNvnE0iqGhBQ1HVTXeXn0ihgZAPa2V1bX1js7BV3N7Z3dsvHRx2dJwqxtsslrHq+VRzKSLeBgGS9xLFaehL3vUnV7nfvedKizi6hWnCvZCOIhEIRsFIfRdoeucmSoR8UCoTu1GvkWoFE5uQeoXUDDknTsNpYMcoOcpoidag9O4OY5aGPAImqdZ9hyTgZVSBYJLPim6qeULZhI5439CIhlx72fzkGT41yhAHsTIVAZ6r3ycyGmo9DX3TGVIY699eLv7l9VMI6l4moiQFHrHFoiCVGGKc/4+HQnEGcmoIZUqYWzEbU0UZmJSKJoSvT/H/pFOxHWI7N9Vy83IZRwEdoxN0hhx0gZroGrVQGzEUowf0hJ4tsB6tF+t10bpiLWeO0A9Yb5/rNZGr</latexit><latexit sha1_base64="6PmvW0g+uCjFlCsKrWg4Fru8R9Y=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbMhxuQW9OIxgnlAdg2zk9lkyOyDmV4hLPkMLx4U8erXePNvnE0iqGhBQ1HVTXeXn0ihgZAPa2V1bX1js7BV3N7Z3dsvHRx2dJwqxtsslrHq+VRzKSLeBgGS9xLFaehL3vUnV7nfvedKizi6hWnCvZCOIhEIRsFIfRdoeucmSoR8UCoTu1GvkWoFE5uQeoXUDDknTsNpYMcoOcpoidag9O4OY5aGPAImqdZ9hyTgZVSBYJLPim6qeULZhI5439CIhlx72fzkGT41yhAHsTIVAZ6r3ycyGmo9DX3TGVIY699eLv7l9VMI6l4moiQFHrHFoiCVGGKc/4+HQnEGcmoIZUqYWzEbU0UZmJSKJoSvT/H/pFOxHWI7N9Vy83IZRwEdoxN0hhx0gZroGrVQGzEUowf0hJ4tsB6tF+t10bpiLWeO0A9Yb5/rNZGr</latexit><latexit sha1_base64="6PmvW0g+uCjFlCsKrWg4Fru8R9Y=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbMhxuQW9OIxgnlAdg2zk9lkyOyDmV4hLPkMLx4U8erXePNvnE0iqGhBQ1HVTXeXn0ihgZAPa2V1bX1js7BV3N7Z3dsvHRx2dJwqxtsslrHq+VRzKSLeBgGS9xLFaehL3vUnV7nfvedKizi6hWnCvZCOIhEIRsFIfRdoeucmSoR8UCoTu1GvkWoFE5uQeoXUDDknTsNpYMcoOcpoidag9O4OY5aGPAImqdZ9hyTgZVSBYJLPim6qeULZhI5439CIhlx72fzkGT41yhAHsTIVAZ6r3ycyGmo9DX3TGVIY699eLv7l9VMI6l4moiQFHrHFoiCVGGKc/4+HQnEGcmoIZUqYWzEbU0UZmJSKJoSvT/H/pFOxHWI7N9Vy83IZRwEdoxN0hhx0gZroGrVQGzEUowf0hJ4tsB6tF+t10bpiLWeO0A9Yb5/rNZGr</latexit><latexit sha1_base64="6PmvW0g+uCjFlCsKrWg4Fru8R9Y=">AAAB8nicdVDLSgNBEJz1GeMr6tHLYBA8LbMhxuQW9OIxgnlAdg2zk9lkyOyDmV4hLPkMLx4U8erXePNvnE0iqGhBQ1HVTXeXn0ihgZAPa2V1bX1js7BV3N7Z3dsvHRx2dJwqxtsslrHq+VRzKSLeBgGS9xLFaehL3vUnV7nfvedKizi6hWnCvZCOIhEIRsFIfRdoeucmSoR8UCoTu1GvkWoFE5uQeoXUDDknTsNpYMcoOcpoidag9O4OY5aGPAImqdZ9hyTgZVSBYJLPim6qeULZhI5439CIhlx72fzkGT41yhAHsTIVAZ6r3ycyGmo9DX3TGVIY699eLv7l9VMI6l4moiQFHrHFoiCVGGKc/4+HQnEGcmoIZUqYWzEbU0UZmJSKJoSvT/H/pFOxHWI7N9Vy83IZRwEdoxN0hhx0gZroGrVQGzEUowf0hJ4tsB6tF+t10bpiLWeO0A9Yb5/rNZGr</latexit>

扩充费⽶⼦部分  



Extend Higgs Sector

 例例如：加⼊入另外⼀一个弱⼆二重态 Higgs，(Two Higgs Doublet Model, 2HDM） 

有不不同的实现形式，导致不不同的唯象学。 
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有 5 个的物理理 Higgs 粒⼦子，3个中性的，2个带电荷； 
可以包含 CP 对称性⾃自发破坏机制。

扩充 Higgs 部分  



Z prime

• 可来⾃自于额外的规范对称性，例例如 U(1)、左右对称模型、
⼤大统⼀一模型等。
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扩充 规范玻⾊⼦  

Z 0
<latexit sha1_base64="38kh1YEf3yh1uzkDNT+skEjvazg=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ6bU2u6KblxWsA9sx5JJM21okhmTjFCG/oQbF4q49Xfc+Tdm2goqeuDC4Zx7ufeeIOZMG4Q+nKXlldW19dxGfnNre2e3sLff0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2R++54qzSJ5bSYx9QUeShYygo2VOje3vVgxQfuFInJr1QoqlyByEaqWUMWSU+TVvBr0rJKhCBZo9AvvvUFEEkGlIRxr3fVQbPwUK8MIp9N8L9E0xmSMh7RrqcSCaj+d3TuFx1YZwDBStqSBM/X7RIqF1hMR2E6BzUj/9jLxL6+bmLDqp0zGiaGSzBeFCYcmgtnzcMAUJYZPLMFEMXsrJCOsMDE2orwN4etT+D9plVwPud5VuVg/X8SRA4fgCJwAD5yBOrgEDdAEBHDwAJ7As3PnPDovzuu8dclZzByAH3DePgF5mpBB</latexit><latexit sha1_base64="38kh1YEf3yh1uzkDNT+skEjvazg=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ6bU2u6KblxWsA9sx5JJM21okhmTjFCG/oQbF4q49Xfc+Tdm2goqeuDC4Zx7ufeeIOZMG4Q+nKXlldW19dxGfnNre2e3sLff0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2R++54qzSJ5bSYx9QUeShYygo2VOje3vVgxQfuFInJr1QoqlyByEaqWUMWSU+TVvBr0rJKhCBZo9AvvvUFEEkGlIRxr3fVQbPwUK8MIp9N8L9E0xmSMh7RrqcSCaj+d3TuFx1YZwDBStqSBM/X7RIqF1hMR2E6BzUj/9jLxL6+bmLDqp0zGiaGSzBeFCYcmgtnzcMAUJYZPLMFEMXsrJCOsMDE2orwN4etT+D9plVwPud5VuVg/X8SRA4fgCJwAD5yBOrgEDdAEBHDwAJ7As3PnPDovzuu8dclZzByAH3DePgF5mpBB</latexit><latexit sha1_base64="38kh1YEf3yh1uzkDNT+skEjvazg=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ6bU2u6KblxWsA9sx5JJM21okhmTjFCG/oQbF4q49Xfc+Tdm2goqeuDC4Zx7ufeeIOZMG4Q+nKXlldW19dxGfnNre2e3sLff0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2R++54qzSJ5bSYx9QUeShYygo2VOje3vVgxQfuFInJr1QoqlyByEaqWUMWSU+TVvBr0rJKhCBZo9AvvvUFEEkGlIRxr3fVQbPwUK8MIp9N8L9E0xmSMh7RrqcSCaj+d3TuFx1YZwDBStqSBM/X7RIqF1hMR2E6BzUj/9jLxL6+bmLDqp0zGiaGSzBeFCYcmgtnzcMAUJYZPLMFEMXsrJCOsMDE2orwN4etT+D9plVwPud5VuVg/X8SRA4fgCJwAD5yBOrgEDdAEBHDwAJ7As3PnPDovzuu8dclZzByAH3DePgF5mpBB</latexit><latexit sha1_base64="38kh1YEf3yh1uzkDNT+skEjvazg=">AAAB73icdVDLSgMxFM34rPVVdekmWARXQ6bU2u6KblxWsA9sx5JJM21okhmTjFCG/oQbF4q49Xfc+Tdm2goqeuDC4Zx7ufeeIOZMG4Q+nKXlldW19dxGfnNre2e3sLff0lGiCG2SiEeqE2BNOZO0aZjhtBMrikXAaTsYX2R++54qzSJ5bSYx9QUeShYygo2VOje3vVgxQfuFInJr1QoqlyByEaqWUMWSU+TVvBr0rJKhCBZo9AvvvUFEEkGlIRxr3fVQbPwUK8MIp9N8L9E0xmSMh7RrqcSCaj+d3TuFx1YZwDBStqSBM/X7RIqF1hMR2E6BzUj/9jLxL6+bmLDqp0zGiaGSzBeFCYcmgtnzcMAUJYZPLMFEMXsrJCOsMDE2orwN4etT+D9plVwPud5VuVg/X8SRA4fgCJwAD5yBOrgEDdAEBHDwAJ7As3PnPDovzuu8dclZzByAH3DePgF5mpBB</latexit>

标准模型
leptophobic, leptophilic, lepton 
flavor violating, lepton non-
universal, topphilic, quarkphobic, 
…导致较丰富的低能唯象。 

aPL + bPR

f

f̄ ′



Dark photon
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例例如：light dark photon，通过 kinetic mixing 和 photon 耦合。

Connecting with the dark sector.

标准模型
hidden sector

�0
<latexit sha1_base64="z1jPsvW5aFYluBn7i9xuo1rl0a0=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ6bU2u6KblxWsA/ojCWTpm1okhmTTKEM/Q43LhRx68e482/MtBVU9MCFwzn3cu89YcyZNgh9OCura+sbm7mt/PbO7t5+4eCwpaNEEdokEY9UJ8SaciZp0zDDaSdWFIuQ03Y4vsr89oQqzSJ5a6YxDQQeSjZgBBsrBf4QC4Hv/FgxQXuFInJr1QoqlyByEaqWUMWSc+TVvBr0rJKhCJZo9Arvfj8iiaDSEI617nooNkGKlWGE01neTzSNMRnjIe1aKrGgOkjnR8/gqVX6cBApW9LAufp9IsVC66kIbafAZqR/e5n4l9dNzKAapEzGiaGSLBYNEg5NBLMEYJ8pSgyfWoKJYvZWSEZYYWJsTnkbwten8H/SKrkecr2bcrF+uYwjB47BCTgDHrgAdXANGqAJCLgHD+AJPDsT59F5cV4XrSvOcuYI/IDz9glWLZJ4</latexit><latexit sha1_base64="z1jPsvW5aFYluBn7i9xuo1rl0a0=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ6bU2u6KblxWsA/ojCWTpm1okhmTTKEM/Q43LhRx68e482/MtBVU9MCFwzn3cu89YcyZNgh9OCura+sbm7mt/PbO7t5+4eCwpaNEEdokEY9UJ8SaciZp0zDDaSdWFIuQ03Y4vsr89oQqzSJ5a6YxDQQeSjZgBBsrBf4QC4Hv/FgxQXuFInJr1QoqlyByEaqWUMWSc+TVvBr0rJKhCJZo9Arvfj8iiaDSEI617nooNkGKlWGE01neTzSNMRnjIe1aKrGgOkjnR8/gqVX6cBApW9LAufp9IsVC66kIbafAZqR/e5n4l9dNzKAapEzGiaGSLBYNEg5NBLMEYJ8pSgyfWoKJYvZWSEZYYWJsTnkbwten8H/SKrkecr2bcrF+uYwjB47BCTgDHrgAdXANGqAJCLgHD+AJPDsT59F5cV4XrSvOcuYI/IDz9glWLZJ4</latexit><latexit sha1_base64="z1jPsvW5aFYluBn7i9xuo1rl0a0=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ6bU2u6KblxWsA/ojCWTpm1okhmTTKEM/Q43LhRx68e482/MtBVU9MCFwzn3cu89YcyZNgh9OCura+sbm7mt/PbO7t5+4eCwpaNEEdokEY9UJ8SaciZp0zDDaSdWFIuQ03Y4vsr89oQqzSJ5a6YxDQQeSjZgBBsrBf4QC4Hv/FgxQXuFInJr1QoqlyByEaqWUMWSc+TVvBr0rJKhCJZo9Arvfj8iiaDSEI617nooNkGKlWGE01neTzSNMRnjIe1aKrGgOkjnR8/gqVX6cBApW9LAufp9IsVC66kIbafAZqR/e5n4l9dNzKAapEzGiaGSLBYNEg5NBLMEYJ8pSgyfWoKJYvZWSEZYYWJsTnkbwten8H/SKrkecr2bcrF+uYwjB47BCTgDHrgAdXANGqAJCLgHD+AJPDsT59F5cV4XrSvOcuYI/IDz9glWLZJ4</latexit><latexit sha1_base64="z1jPsvW5aFYluBn7i9xuo1rl0a0=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ6bU2u6KblxWsA/ojCWTpm1okhmTTKEM/Q43LhRx68e482/MtBVU9MCFwzn3cu89YcyZNgh9OCura+sbm7mt/PbO7t5+4eCwpaNEEdokEY9UJ8SaciZp0zDDaSdWFIuQ03Y4vsr89oQqzSJ5a6YxDQQeSjZgBBsrBf4QC4Hv/FgxQXuFInJr1QoqlyByEaqWUMWSc+TVvBr0rJKhCJZo9Arvfj8iiaDSEI617nooNkGKlWGE01neTzSNMRnjIe1aKrGgOkjnR8/gqVX6cBApW9LAufp9IsVC66kIbafAZqR/e5n4l9dNzKAapEzGiaGSLBYNEg5NBLMEYJ8pSgyfWoKJYvZWSEZYYWJsTnkbwten8H/SKrkecr2bcrF+uYwjB47BCTgDHrgAdXANGqAJCLgHD+AJPDsT59F5cV4XrSvOcuYI/IDz9glWLZJ4</latexit>

�✏Fµ⌫F 0
µ⌫

<latexit sha1_base64="ywCKVFJUJuhqnXU2yoInMGVEK9g=">AAACDnicdVBNSwMxEM36WetX1aOXYBG8WBIRrbeiIB4VrC10a8mmUw0m2SXJCmXpL/DiX/HiQRGvnr35b8y2FVT0wcDjvRlm5kWJFNYR8hFMTE5Nz8wW5orzC4tLy6WV1Qsbp4ZDnccyNs2IWZBCQ90JJ6GZGGAqktCIbo5yv3ELxopYn7t+Am3FrrToCc6clzqlze0QEitkrPHxZRaqNNTp4PgyTIxQ0PkSOqUyqRBCKKU4J3R/j3hycFDdoVVMc8ujjMY47ZTew27MUwXaccmsbVGSuHbGjBNcwqAYphYSxm/YFbQ81UyBbWfDdwZ40ytd3IuNL+3wUP0+kTFlbV9FvlMxd21/e7n4l9dKXa/azoROUgeajxb1UoldjPNscFcY4E72PWHcCH8r5tfMMO58gkUfwten+H9ysVOhpELPdsu1w3EcBbSONtAWomgf1dAJOkV1xNEdekBP6Dm4Dx6Dl+B11DoRjGfW0A8Eb59rFp0A</latexit><latexit sha1_base64="ywCKVFJUJuhqnXU2yoInMGVEK9g=">AAACDnicdVBNSwMxEM36WetX1aOXYBG8WBIRrbeiIB4VrC10a8mmUw0m2SXJCmXpL/DiX/HiQRGvnr35b8y2FVT0wcDjvRlm5kWJFNYR8hFMTE5Nz8wW5orzC4tLy6WV1Qsbp4ZDnccyNs2IWZBCQ90JJ6GZGGAqktCIbo5yv3ELxopYn7t+Am3FrrToCc6clzqlze0QEitkrPHxZRaqNNTp4PgyTIxQ0PkSOqUyqRBCKKU4J3R/j3hycFDdoVVMc8ujjMY47ZTew27MUwXaccmsbVGSuHbGjBNcwqAYphYSxm/YFbQ81UyBbWfDdwZ40ytd3IuNL+3wUP0+kTFlbV9FvlMxd21/e7n4l9dKXa/azoROUgeajxb1UoldjPNscFcY4E72PWHcCH8r5tfMMO58gkUfwten+H9ysVOhpELPdsu1w3EcBbSONtAWomgf1dAJOkV1xNEdekBP6Dm4Dx6Dl+B11DoRjGfW0A8Eb59rFp0A</latexit><latexit sha1_base64="ywCKVFJUJuhqnXU2yoInMGVEK9g=">AAACDnicdVBNSwMxEM36WetX1aOXYBG8WBIRrbeiIB4VrC10a8mmUw0m2SXJCmXpL/DiX/HiQRGvnr35b8y2FVT0wcDjvRlm5kWJFNYR8hFMTE5Nz8wW5orzC4tLy6WV1Qsbp4ZDnccyNs2IWZBCQ90JJ6GZGGAqktCIbo5yv3ELxopYn7t+Am3FrrToCc6clzqlze0QEitkrPHxZRaqNNTp4PgyTIxQ0PkSOqUyqRBCKKU4J3R/j3hycFDdoVVMc8ujjMY47ZTew27MUwXaccmsbVGSuHbGjBNcwqAYphYSxm/YFbQ81UyBbWfDdwZ40ytd3IuNL+3wUP0+kTFlbV9FvlMxd21/e7n4l9dKXa/azoROUgeajxb1UoldjPNscFcY4E72PWHcCH8r5tfMMO58gkUfwten+H9ysVOhpELPdsu1w3EcBbSONtAWomgf1dAJOkV1xNEdekBP6Dm4Dx6Dl+B11DoRjGfW0A8Eb59rFp0A</latexit><latexit sha1_base64="ywCKVFJUJuhqnXU2yoInMGVEK9g=">AAACDnicdVBNSwMxEM36WetX1aOXYBG8WBIRrbeiIB4VrC10a8mmUw0m2SXJCmXpL/DiX/HiQRGvnr35b8y2FVT0wcDjvRlm5kWJFNYR8hFMTE5Nz8wW5orzC4tLy6WV1Qsbp4ZDnccyNs2IWZBCQ90JJ6GZGGAqktCIbo5yv3ELxopYn7t+Am3FrrToCc6clzqlze0QEitkrPHxZRaqNNTp4PgyTIxQ0PkSOqUyqRBCKKU4J3R/j3hycFDdoVVMc8ujjMY47ZTew27MUwXaccmsbVGSuHbGjBNcwqAYphYSxm/YFbQ81UyBbWfDdwZ40ytd3IuNL+3wUP0+kTFlbV9FvlMxd21/e7n4l9dKXa/azoROUgeajxb1UoldjPNscFcY4E72PWHcCH8r5tfMMO58gkUfwten+H9ysVOhpELPdsu1w3EcBbSONtAWomgf1dAJOkV1xNEdekBP6Dm4Dx6Dl+B11DoRjGfW0A8Eb59rFp0A</latexit>



Dark photon
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中微⼦子质量量
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Dirac 质量量

QL =

✓
u
d

◆

L

⇠ (3, 2, 1/3)

LL =

✓
⌫
e

◆

L

⇠ (1, 2,�1)

uR ⇠ (3, 1, 4/3)

dR ⇠ (3, 1,�2/3)

eR ⇠ (1, 1,�2)
<latexit sha1_base64="LElKLZpQWaOD8knrQeZ0eT//Ao0="></latexit><latexit sha1_base64="LElKLZpQWaOD8knrQeZ0eT//Ao0="></latexit><latexit sha1_base64="LElKLZpQWaOD8knrQeZ0eT//Ao0="></latexit><latexit sha1_base64="LElKLZpQWaOD8knrQeZ0eT//Ao0="></latexit>

L = �m ̄ = �m ̄L R + h.c.
<latexit sha1_base64="912Mj3PjJf9OstmM3c8lF00QwO0="></latexit><latexit sha1_base64="912Mj3PjJf9OstmM3c8lF00QwO0="></latexit><latexit sha1_base64="912Mj3PjJf9OstmM3c8lF00QwO0="></latexit><latexit sha1_base64="912Mj3PjJf9OstmM3c8lF00QwO0="></latexit>

L = �yEL̄L�eR � ydQ̄L�dR � yuQ̄L�̃uR + h.c.
<latexit sha1_base64="DkM22CoT3En4WisCZQyDlrcuRAg="></latexit><latexit sha1_base64="PnqXHBK6zRe4MOw+6rG5YuEAdVo="></latexit><latexit sha1_base64="PnqXHBK6zRe4MOw+6rG5YuEAdVo="></latexit><latexit sha1_base64="IE3Lp+QydG4mpDL1BHVJvAz4GmE="></latexit>

Majorana 质量量

L = �m ̄c
L L

<latexit sha1_base64="PmkjOuBdM0sEkNYri2y8wA1IUpI="></latexit><latexit sha1_base64="FwRI0oalYM9T+ykqnr5C6LeQ2rk="></latexit><latexit sha1_base64="FwRI0oalYM9T+ykqnr5C6LeQ2rk="></latexit><latexit sha1_base64="3HJDlTcqRTGk+SUU6NEuHlePRA0=">AAACDHicdVDLSgMxFM3UV62vqks3wSK4sSRd2HYhFN246KKCfUBnLJk0bUOTmSHJCGXoB7jxV9y4UMStH+DOvzHTVlDRCyGHc87l3nv8SHBtEPpwMkvLK6tr2fXcxubW9k5+d6+lw1hR1qShCFXHJ5oJHrCm4UawTqQYkb5gbX98kertW6Y0D4NrM4mYJ8kw4ANOibFUL19IXEnMiBIB69OzEyhdnyjoRpr36jd0/lsXKiKEMMYwBbh8iiyoVislXIE4lWwVwKIavfy72w9pLFlgqCBadzGKjJcQZTgVbJpzY80iQsdkyLoWBkQy7SWzY6bwyDJ9OAiVfYGBM/Z7R0Kk1hPpW2e6uf6tpeRfWjc2g4qX8CCKDQvofNAgFtCEME0G9rli1IiJBYQqbneFdEQUocbml7MhfF0K/wetUhGjIr5Chdr5Io4sOACH4BhgUAY1cAkaoAkouAMP4Ak8O/fOo/PivM6tGWfRsw9+lPP2CemOmuQ=</latexit>

量量⼦子“荷”破坏 � = 2Q( )
<latexit sha1_base64="7FhQg9uC5ulEgeMH89UxJ3D83ZI=">AAAB+3icdVDJSgNBEK1xjXGL8eilSRAiwtATUeNBCOrBYwJmgcwQejqdpEnPQnePGEJ+RQQPinj1R7z5N3YWQUUfFDzeq6Kqnh8LrjTGH9bC4tLyympqLb2+sbm1ndnJ1lWUSMpqNBKRbPpEMcFDVtNcC9aMJSOBL1jDH1xO/MYtk4pH4Y0exswLSC/kXU6JNlI7k3WvmNAEnaNiteDGih+gdiaP7WPsnJ1ghG08xZSUnCMHOXMlX865hw8AUGln3t1ORJOAhZoKolTLwbH2RkRqTgUbp91EsZjQAemxlqEhCZjyRtPbx2jfKB3UjaSpUKOp+n1iRAKlhoFvOgOi++q3NxH/8lqJ7pa8EQ/jRLOQzhZ1E4F0hCZBoA6XjGoxNIRQyc2tiPaJJFSbuNImhK9P0f+kXrQdbDtVk8YFzJCCPchBARw4hTJcQwVqQOEO7uEJnq2x9Wi9WK+z1gVrPrMLP2C9fQK0EJRl</latexit><latexit sha1_base64="xJ8p0U8emaQlBEI2SQGnN10jFbo=">AAAB+3icdVDLSgMxFM3UV62vsS7dhBahIgyZiloXQlEXLluwD+iUkknTNjSTGZKMOJT+hWs3LhRx64+469+YPgQVPXDhcM693HuPH3GmNEITK7W0vLK6ll7PbGxube/Yu9m6CmNJaI2EPJRNHyvKmaA1zTSnzUhSHPicNvzh1dRv3FGpWChudRLRdoD7gvUYwdpIHTvrXVOuMbyAxWrBixQ7hB07j5wT5J6fIogcNMOMlNxjF7oLJV/OeUcPk3JS6dgfXjckcUCFJhwr1XJRpNsjLDUjnI4zXqxohMkQ92nLUIEDqtqj2e1jeGCULuyF0pTQcKZ+nxjhQKkk8E1ngPVA/fam4l9eK9a9UnvERBRrKsh8US/mUIdwGgTsMkmJ5okhmEhmboVkgCUm2sSVMSF8fQr/J/Wi4yLHrZo0LsEcabAPcqAAXHAGyuAGVEANEHAPHsEzeLHG1pP1ar3NW1PWYmYP/ID1/gm9epXr</latexit><latexit sha1_base64="xJ8p0U8emaQlBEI2SQGnN10jFbo=">AAAB+3icdVDLSgMxFM3UV62vsS7dhBahIgyZiloXQlEXLluwD+iUkknTNjSTGZKMOJT+hWs3LhRx64+469+YPgQVPXDhcM693HuPH3GmNEITK7W0vLK6ll7PbGxube/Yu9m6CmNJaI2EPJRNHyvKmaA1zTSnzUhSHPicNvzh1dRv3FGpWChudRLRdoD7gvUYwdpIHTvrXVOuMbyAxWrBixQ7hB07j5wT5J6fIogcNMOMlNxjF7oLJV/OeUcPk3JS6dgfXjckcUCFJhwr1XJRpNsjLDUjnI4zXqxohMkQ92nLUIEDqtqj2e1jeGCULuyF0pTQcKZ+nxjhQKkk8E1ngPVA/fam4l9eK9a9UnvERBRrKsh8US/mUIdwGgTsMkmJ5okhmEhmboVkgCUm2sSVMSF8fQr/J/Wi4yLHrZo0LsEcabAPcqAAXHAGyuAGVEANEHAPHsEzeLHG1pP1ar3NW1PWYmYP/ID1/gm9epXr</latexit><latexit sha1_base64="MmlrbufVlYsLTeQF2a4e9kY/U1I=">AAAB+3icdVDLSsNAFJ3UV62vWJduBotQN2FSUetCKOrCZQv2AU0ok+mkHTp5MDMRS+ivuHGhiFt/xJ1/4zSNoKIHLhzOuZd77/FizqRC6MMoLC2vrK4V10sbm1vbO+ZuuSOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uRq7nfvqJAsCm/VNKZugEch8xnBSksDs+xcU64wvIC1VtWJJTuCA7OCrBNkn58iiCyUISN1+9iGdq5UQI7mwHx3hhFJAhoqwrGUfRvFyk2xUIxwOis5iaQxJhM8on1NQxxQ6abZ7TN4qJUh9COhK1QwU79PpDiQchp4ujPAaix/e3PxL6+fKL/upiyME0VDsljkJxyqCM6DgEMmKFF8qgkmgulbIRljgYnScZV0CF+fwv9Jp2bZyLJbqNK4zOMogn1wAKrABmegAW5AE7QBAffgATyBZ2NmPBovxuuitWDkM3vgB4y3T6GRktw=</latexit>

中微⼦子可以有 Majorana 
质量量，不不破坏电荷守恒，
但轻⼦子数被破坏。

ψL ψRm ψL ψLm



中微⼦子质量量
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（1）Dirac 质量量：

QL =

✓
u
d

◆

L

⇠ (3, 2, 1/3)

LL =

✓
⌫
e

◆

L

⇠ (1, 2,�1)

uR ⇠ (3, 1, 4/3)

dR ⇠ (3, 1,�2/3)

eR ⇠ (1, 1,�2)

⌫R ⇠ (1, 1, 0)
<latexit sha1_base64="OY/p6GfbaNM8KzUyqLl/m15/810="></latexit><latexit sha1_base64="OY/p6GfbaNM8KzUyqLl/m15/810="></latexit><latexit sha1_base64="OY/p6GfbaNM8KzUyqLl/m15/810="></latexit><latexit sha1_base64="OY/p6GfbaNM8KzUyqLl/m15/810="></latexit>

L = �yEL̄L�eR � ydQ̄L�dR � yuQ̄L�̃uR � y⌫L̄L�̃⌫R + h.c.
<latexit sha1_base64="K1lo0JlcCrjjrC26tZjHf3TQnrQ="></latexit><latexit sha1_base64="K1lo0JlcCrjjrC26tZjHf3TQnrQ="></latexit><latexit sha1_base64="K1lo0JlcCrjjrC26tZjHf3TQnrQ="></latexit><latexit sha1_base64="K1lo0JlcCrjjrC26tZjHf3TQnrQ="></latexit>

νL νR

⟨φ0⟩

mνν̄RνL + h.c.



中微⼦子质量量
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（1）Dirac 质量量：

QL =

✓
u
d

◆

L

⇠ (3, 2, 1/3)

LL =

✓
⌫
e

◆

L

⇠ (1, 2,�1)

uR ⇠ (3, 1, 4/3)

dR ⇠ (3, 1,�2/3)

eR ⇠ (1, 1,�2)

⌫R ⇠ (1, 1, 0)
<latexit sha1_base64="OY/p6GfbaNM8KzUyqLl/m15/810="></latexit><latexit sha1_base64="OY/p6GfbaNM8KzUyqLl/m15/810="></latexit><latexit sha1_base64="OY/p6GfbaNM8KzUyqLl/m15/810="></latexit><latexit sha1_base64="OY/p6GfbaNM8KzUyqLl/m15/810="></latexit>

L = �yEL̄L�eR � ydQ̄L�dR � yuQ̄L�̃uR � y⌫L̄L�̃⌫R + h.c.
<latexit sha1_base64="K1lo0JlcCrjjrC26tZjHf3TQnrQ="></latexit><latexit sha1_base64="K1lo0JlcCrjjrC26tZjHf3TQnrQ="></latexit><latexit sha1_base64="K1lo0JlcCrjjrC26tZjHf3TQnrQ="></latexit><latexit sha1_base64="K1lo0JlcCrjjrC26tZjHf3TQnrQ="></latexit>

为什什么中微⼦子质量量远⼩小于其他（带电）费⽶米⼦子质量量？

νL νR

⟨φ0⟩

mνν̄RνL + h.c.



中微⼦子质量量
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（2）Majorana 质量量：

将新物理理效应写成低能有效算⼦子

L = LSM +
O

d=5

⇤
+

O
d=6

⇤2
+ · · ·

<latexit sha1_base64="RHopjdtOFdsaO0rpWdAALCXEsi8="></latexit><latexit sha1_base64="RHopjdtOFdsaO0rpWdAALCXEsi8="></latexit><latexit sha1_base64="RHopjdtOFdsaO0rpWdAALCXEsi8="></latexit><latexit sha1_base64="RHopjdtOFdsaO0rpWdAALCXEsi8="></latexit>

Weiberg 算符:  温伯格（1979）指出只存在⼀一个 5 维算⼦子，真空⾃自发对

称性破缺后可提供中微⼦子 Majorana 质量量。

O
d=5

⇤
=

(L̄c
H)(LH)

⇤
<latexit sha1_base64="HMVWv2DClGyLhIgF7Oba2Ssk1Gk="></latexit><latexit sha1_base64="HMVWv2DClGyLhIgF7Oba2Ssk1Gk="></latexit><latexit sha1_base64="HMVWv2DClGyLhIgF7Oba2Ssk1Gk="></latexit><latexit sha1_base64="HMVWv2DClGyLhIgF7Oba2Ssk1Gk="></latexit>

Lm = � (⌫̄c⌫�0�0)

⇤
) m⌫ =

v2

⇤
<latexit sha1_base64="BP+lbSLS396q/FFxiyAl0/XEyiE="></latexit><latexit sha1_base64="BP+lbSLS396q/FFxiyAl0/XEyiE="></latexit><latexit sha1_base64="BP+lbSLS396q/FFxiyAl0/XEyiE="></latexit><latexit sha1_base64="BP+lbSLS396q/FFxiyAl0/XEyiE="></latexit>

h�0i = vp
2

<latexit sha1_base64="qVmzzr1JLTKOJXTSEz5jh1IFmDc=">AAACEHicbVDLSsNAFL3xWesr6tJNsIiuSlIE3QhFNy4r2Ac0sUymk3boZBJnJoUS8glu/BU3LhRx69Kdf+M0zUJbD1w4c869zL3HjxmVyra/jaXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXU/99pgISSN+pyYx8UI04DSgGCkt9cwTlyE+YMSNh/TedkX+uHQDgXA6zlJXPgiV1rKsZ1bsqp3DWiROQSpQoNEzv9x+hJOQcIUZkrLr2LHyUiQUxYxkZTeRJEZ4hAakqylHIZFemh+UWcda6VtBJHRxZeXq74kUhVJOQl93hkgN5bw3Ff/zuokKLryU8jhRhOPZR0HCLBVZ03SsPhUEKzbRBGFB9a4WHiIdhtIZlnUIzvzJi6RVqzp21bk9q9SvijhKcAhHcAoOnEMdbqABTcDwCM/wCm/Gk/FivBsfs9Ylo5g5gD8wPn8AJZed6w==</latexit><latexit sha1_base64="qVmzzr1JLTKOJXTSEz5jh1IFmDc=">AAACEHicbVDLSsNAFL3xWesr6tJNsIiuSlIE3QhFNy4r2Ac0sUymk3boZBJnJoUS8glu/BU3LhRx69Kdf+M0zUJbD1w4c869zL3HjxmVyra/jaXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXU/99pgISSN+pyYx8UI04DSgGCkt9cwTlyE+YMSNh/TedkX+uHQDgXA6zlJXPgiV1rKsZ1bsqp3DWiROQSpQoNEzv9x+hJOQcIUZkrLr2LHyUiQUxYxkZTeRJEZ4hAakqylHIZFemh+UWcda6VtBJHRxZeXq74kUhVJOQl93hkgN5bw3Ff/zuokKLryU8jhRhOPZR0HCLBVZ03SsPhUEKzbRBGFB9a4WHiIdhtIZlnUIzvzJi6RVqzp21bk9q9SvijhKcAhHcAoOnEMdbqABTcDwCM/wCm/Gk/FivBsfs9Ylo5g5gD8wPn8AJZed6w==</latexit><latexit sha1_base64="qVmzzr1JLTKOJXTSEz5jh1IFmDc=">AAACEHicbVDLSsNAFL3xWesr6tJNsIiuSlIE3QhFNy4r2Ac0sUymk3boZBJnJoUS8glu/BU3LhRx69Kdf+M0zUJbD1w4c869zL3HjxmVyra/jaXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXU/99pgISSN+pyYx8UI04DSgGCkt9cwTlyE+YMSNh/TedkX+uHQDgXA6zlJXPgiV1rKsZ1bsqp3DWiROQSpQoNEzv9x+hJOQcIUZkrLr2LHyUiQUxYxkZTeRJEZ4hAakqylHIZFemh+UWcda6VtBJHRxZeXq74kUhVJOQl93hkgN5bw3Ff/zuokKLryU8jhRhOPZR0HCLBVZ03SsPhUEKzbRBGFB9a4WHiIdhtIZlnUIzvzJi6RVqzp21bk9q9SvijhKcAhHcAoOnEMdbqABTcDwCM/wCm/Gk/FivBsfs9Ylo5g5gD8wPn8AJZed6w==</latexit><latexit sha1_base64="qVmzzr1JLTKOJXTSEz5jh1IFmDc=">AAACEHicbVDLSsNAFL3xWesr6tJNsIiuSlIE3QhFNy4r2Ac0sUymk3boZBJnJoUS8glu/BU3LhRx69Kdf+M0zUJbD1w4c869zL3HjxmVyra/jaXlldW19dJGeXNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXU/99pgISSN+pyYx8UI04DSgGCkt9cwTlyE+YMSNh/TedkX+uHQDgXA6zlJXPgiV1rKsZ1bsqp3DWiROQSpQoNEzv9x+hJOQcIUZkrLr2LHyUiQUxYxkZTeRJEZ4hAakqylHIZFemh+UWcda6VtBJHRxZeXq74kUhVJOQl93hkgN5bw3Ff/zuokKLryU8jhRhOPZR0HCLBVZ03SsPhUEKzbRBGFB9a4WHiIdhtIZlnUIzvzJi6RVqzp21bk9q9SvijhKcAhHcAoOnEMdbqABTcDwCM/wCm/Gk/FivBsfs9Ylo5g5gD8wPn8AJZed6w==</latexit>

[ ] =
3

2
, [H] = 1

<latexit sha1_base64="4dzREjd09y+8NKTW5Y41l1TlEQA=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KCWpgm4KRTddVrAPSEKZTCft0MmDmYlQQhdu/BU3LhRx60e482+ctllo64ELh3Pu5d57/IQzqSzr21hb39jc2i7sFHf39g8OzaPjjoxTQWibxDwWPR9LyllE24opTnuJoDj0Oe3649uZ332gQrI4uleThHohHkYsYAQrLfXNkuMmknl1NxCYZBfTrDatuBXkNL263TfLVtWaA60SOydlyNHqm1/uICZpSCNFOJbSsa1EeRkWihFOp0U3lTTBZIyH1NE0wiGVXjZ/YorOtDJAQSx0RQrN1d8TGQ6lnIS+7gyxGsllbyb+5zmpCq69jEVJqmhEFouClCMVo1kiaMAEJYpPNMFEMH0rIiOs41A6t6IOwV5+eZV0alXbqtp3l+XGTR5HAUpwCudgwxU0oAktaAOBR3iGV3gznowX4934WLSuGfnMCfyB8fkD1HGW5Q==</latexit><latexit sha1_base64="4dzREjd09y+8NKTW5Y41l1TlEQA=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KCWpgm4KRTddVrAPSEKZTCft0MmDmYlQQhdu/BU3LhRx60e482+ctllo64ELh3Pu5d57/IQzqSzr21hb39jc2i7sFHf39g8OzaPjjoxTQWibxDwWPR9LyllE24opTnuJoDj0Oe3649uZ332gQrI4uleThHohHkYsYAQrLfXNkuMmknl1NxCYZBfTrDatuBXkNL263TfLVtWaA60SOydlyNHqm1/uICZpSCNFOJbSsa1EeRkWihFOp0U3lTTBZIyH1NE0wiGVXjZ/YorOtDJAQSx0RQrN1d8TGQ6lnIS+7gyxGsllbyb+5zmpCq69jEVJqmhEFouClCMVo1kiaMAEJYpPNMFEMH0rIiOs41A6t6IOwV5+eZV0alXbqtp3l+XGTR5HAUpwCudgwxU0oAktaAOBR3iGV3gznowX4934WLSuGfnMCfyB8fkD1HGW5Q==</latexit><latexit sha1_base64="4dzREjd09y+8NKTW5Y41l1TlEQA=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KCWpgm4KRTddVrAPSEKZTCft0MmDmYlQQhdu/BU3LhRx60e482+ctllo64ELh3Pu5d57/IQzqSzr21hb39jc2i7sFHf39g8OzaPjjoxTQWibxDwWPR9LyllE24opTnuJoDj0Oe3649uZ332gQrI4uleThHohHkYsYAQrLfXNkuMmknl1NxCYZBfTrDatuBXkNL263TfLVtWaA60SOydlyNHqm1/uICZpSCNFOJbSsa1EeRkWihFOp0U3lTTBZIyH1NE0wiGVXjZ/YorOtDJAQSx0RQrN1d8TGQ6lnIS+7gyxGsllbyb+5zmpCq69jEVJqmhEFouClCMVo1kiaMAEJYpPNMFEMH0rIiOs41A6t6IOwV5+eZV0alXbqtp3l+XGTR5HAUpwCudgwxU0oAktaAOBR3iGV3gznowX4934WLSuGfnMCfyB8fkD1HGW5Q==</latexit><latexit sha1_base64="4dzREjd09y+8NKTW5Y41l1TlEQA=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK4KCWpgm4KRTddVrAPSEKZTCft0MmDmYlQQhdu/BU3LhRx60e482+ctllo64ELh3Pu5d57/IQzqSzr21hb39jc2i7sFHf39g8OzaPjjoxTQWibxDwWPR9LyllE24opTnuJoDj0Oe3649uZ332gQrI4uleThHohHkYsYAQrLfXNkuMmknl1NxCYZBfTrDatuBXkNL263TfLVtWaA60SOydlyNHqm1/uICZpSCNFOJbSsa1EeRkWihFOp0U3lTTBZIyH1NE0wiGVXjZ/YorOtDJAQSx0RQrN1d8TGQ6lnIS+7gyxGsllbyb+5zmpCq69jEVJqmhEFouClCMVo1kiaMAEJYpPNMFEMH0rIiOs41A6t6IOwV5+eZV0alXbqtp3l+XGTR5HAUpwCudgwxU0oAktaAOBR3iGV3gznowX4934WLSuGfnMCfyB8fkD1HGW5Q==</latexit>



跷跷板机制 seesaw mechanism

�30

中微⼦子质量量反⽐比于新物理理⾃自
由度，可回答为什什么中微⼦子
质量量远⼩小于其他费⽶米⼦子质量量。

如何模型实现和实验检验？

m⌫ / v2

⇤
<latexit sha1_base64="lNbV5W/WS7PREcD9ONJefn5wohQ=">AAACCHicdVDLSgMxFM3UV62vqksXBovgqmTqq+6Kbly4qGAf0Kklk2ba0EwyJJlCGWbpxl9x40IRt36CO//G9CGo6IELh3PuTe49fsSZNgh9OJm5+YXFpexybmV1bX0jv7lV1zJWhNaI5FI1fawpZ4LWDDOcNiNFcehz2vAHF2O/MaRKMyluzCii7RD3BAsYwcZKnfxu2PFE7EVKRkZ6gcIkGd6W0sS7sm90cdrJF1DxGLlnJwiiIppgQsruoQvdmVIAM1Q7+XevK0kcUmEIx1q3XBSZdoKVYYTTNOfFmkaYDHCPtiwVOKS6nUwOSeG+VbowkMqWMHCifp9IcKj1KPRtZ4hNX//2xuJfXis2QbmdMBHFhgoy/SiIOTQSjlOBXaYoMXxkCSaK2V0h6WObhrHZ5WwIX5fC/0m9VHRR0b0+KlTOZ3FkwQ7YAwfABaegAi5BFdQAAXfgATyBZ+feeXRenNdpa8aZzWyDH3DePgEE55qZ</latexit><latexit sha1_base64="lNbV5W/WS7PREcD9ONJefn5wohQ=">AAACCHicdVDLSgMxFM3UV62vqksXBovgqmTqq+6Kbly4qGAf0Kklk2ba0EwyJJlCGWbpxl9x40IRt36CO//G9CGo6IELh3PuTe49fsSZNgh9OJm5+YXFpexybmV1bX0jv7lV1zJWhNaI5FI1fawpZ4LWDDOcNiNFcehz2vAHF2O/MaRKMyluzCii7RD3BAsYwcZKnfxu2PFE7EVKRkZ6gcIkGd6W0sS7sm90cdrJF1DxGLlnJwiiIppgQsruoQvdmVIAM1Q7+XevK0kcUmEIx1q3XBSZdoKVYYTTNOfFmkaYDHCPtiwVOKS6nUwOSeG+VbowkMqWMHCifp9IcKj1KPRtZ4hNX//2xuJfXis2QbmdMBHFhgoy/SiIOTQSjlOBXaYoMXxkCSaK2V0h6WObhrHZ5WwIX5fC/0m9VHRR0b0+KlTOZ3FkwQ7YAwfABaegAi5BFdQAAXfgATyBZ+feeXRenNdpa8aZzWyDH3DePgEE55qZ</latexit><latexit sha1_base64="lNbV5W/WS7PREcD9ONJefn5wohQ=">AAACCHicdVDLSgMxFM3UV62vqksXBovgqmTqq+6Kbly4qGAf0Kklk2ba0EwyJJlCGWbpxl9x40IRt36CO//G9CGo6IELh3PuTe49fsSZNgh9OJm5+YXFpexybmV1bX0jv7lV1zJWhNaI5FI1fawpZ4LWDDOcNiNFcehz2vAHF2O/MaRKMyluzCii7RD3BAsYwcZKnfxu2PFE7EVKRkZ6gcIkGd6W0sS7sm90cdrJF1DxGLlnJwiiIppgQsruoQvdmVIAM1Q7+XevK0kcUmEIx1q3XBSZdoKVYYTTNOfFmkaYDHCPtiwVOKS6nUwOSeG+VbowkMqWMHCifp9IcKj1KPRtZ4hNX//2xuJfXis2QbmdMBHFhgoy/SiIOTQSjlOBXaYoMXxkCSaK2V0h6WObhrHZ5WwIX5fC/0m9VHRR0b0+KlTOZ3FkwQ7YAwfABaegAi5BFdQAAXfgATyBZ+feeXRenNdpa8aZzWyDH3DePgEE55qZ</latexit><latexit sha1_base64="lNbV5W/WS7PREcD9ONJefn5wohQ=">AAACCHicdVDLSgMxFM3UV62vqksXBovgqmTqq+6Kbly4qGAf0Kklk2ba0EwyJJlCGWbpxl9x40IRt36CO//G9CGo6IELh3PuTe49fsSZNgh9OJm5+YXFpexybmV1bX0jv7lV1zJWhNaI5FI1fawpZ4LWDDOcNiNFcehz2vAHF2O/MaRKMyluzCii7RD3BAsYwcZKnfxu2PFE7EVKRkZ6gcIkGd6W0sS7sm90cdrJF1DxGLlnJwiiIppgQsruoQvdmVIAM1Q7+XevK0kcUmEIx1q3XBSZdoKVYYTTNOfFmkaYDHCPtiwVOKS6nUwOSeG+VbowkMqWMHCifp9IcKj1KPRtZ4hNX//2xuJfXis2QbmdMBHFhgoy/SiIOTQSjlOBXaYoMXxkCSaK2V0h6WObhrHZ5WwIX5fC/0m9VHRR0b0+KlTOZ3FkwQ7YAwfABaegAi5BFdQAAXfgATyBZ+feeXRenNdpa8aZzWyDH3DePgEE55qZ</latexit>

m⌫
<latexit sha1_base64="s+3EtLPpMUsp8J7Li+Z0YAHZQkU=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZb0YvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5UxqhD6u0tr6xuVXeruzs7u0fVA+POirJJKE+SXgieyFWlDNBfc00p71UUhyHnHbD6XXhd++pVCwRd3qW0iDGY8EiRrA2kh8PByIbVmvIvmzWXa8OkY1Qw3GdgrgN78KDjlEK1MAK7WH1fTBKSBZToQnHSvUdlOogx1Izwum8MsgUTTGZ4jHtGypwTFWQL46dwzOjjGCUSFNCw4X6fSLHsVKzODSdMdYT9dsrxL+8fqajZpAzkWaaCrJcFGUc6gQWn8MRk5RoPjMEE8nMrZBMsMREm3wqJoSvT+H/pOPaDrKdW6/WulrFUQYn4BScAwc0QAvcgDbwAQEMPIAn8GwJ69F6sV6XrSVrNXMMfsB6+wRA4475</latexit><latexit sha1_base64="s+3EtLPpMUsp8J7Li+Z0YAHZQkU=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZb0YvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5UxqhD6u0tr6xuVXeruzs7u0fVA+POirJJKE+SXgieyFWlDNBfc00p71UUhyHnHbD6XXhd++pVCwRd3qW0iDGY8EiRrA2kh8PByIbVmvIvmzWXa8OkY1Qw3GdgrgN78KDjlEK1MAK7WH1fTBKSBZToQnHSvUdlOogx1Izwum8MsgUTTGZ4jHtGypwTFWQL46dwzOjjGCUSFNCw4X6fSLHsVKzODSdMdYT9dsrxL+8fqajZpAzkWaaCrJcFGUc6gQWn8MRk5RoPjMEE8nMrZBMsMREm3wqJoSvT+H/pOPaDrKdW6/WulrFUQYn4BScAwc0QAvcgDbwAQEMPIAn8GwJ69F6sV6XrSVrNXMMfsB6+wRA4475</latexit><latexit sha1_base64="s+3EtLPpMUsp8J7Li+Z0YAHZQkU=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZb0YvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5UxqhD6u0tr6xuVXeruzs7u0fVA+POirJJKE+SXgieyFWlDNBfc00p71UUhyHnHbD6XXhd++pVCwRd3qW0iDGY8EiRrA2kh8PByIbVmvIvmzWXa8OkY1Qw3GdgrgN78KDjlEK1MAK7WH1fTBKSBZToQnHSvUdlOogx1Izwum8MsgUTTGZ4jHtGypwTFWQL46dwzOjjGCUSFNCw4X6fSLHsVKzODSdMdYT9dsrxL+8fqajZpAzkWaaCrJcFGUc6gQWn8MRk5RoPjMEE8nMrZBMsMREm3wqJoSvT+H/pOPaDrKdW6/WulrFUQYn4BScAwc0QAvcgDbwAQEMPIAn8GwJ69F6sV6XrSVrNXMMfsB6+wRA4475</latexit><latexit sha1_base64="s+3EtLPpMUsp8J7Li+Z0YAHZQkU=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU9jE0NZb0YvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0w5UxqhD6u0tr6xuVXeruzs7u0fVA+POirJJKE+SXgieyFWlDNBfc00p71UUhyHnHbD6XXhd++pVCwRd3qW0iDGY8EiRrA2kh8PByIbVmvIvmzWXa8OkY1Qw3GdgrgN78KDjlEK1MAK7WH1fTBKSBZToQnHSvUdlOogx1Izwum8MsgUTTGZ4jHtGypwTFWQL46dwzOjjGCUSFNCw4X6fSLHsVKzODSdMdYT9dsrxL+8fqajZpAzkWaaCrJcFGUc6gQWn8MRk5RoPjMEE8nMrZBMsMREm3wqJoSvT+H/pOPaDrKdW6/WulrFUQYn4BScAwc0QAvcgDbwAQEMPIAn8GwJ69F6sV6XrSVrNXMMfsB6+wRA4475</latexit>

⇤NP
<latexit sha1_base64="65PNuUY5TxITHhtpOxBCRUR5IYM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZLWknZXdONCpIJ9QBPCZDJth84kYWZSKKF/4saFIm79E3f+jdOHoKIHBg7nnMu9c8KUUals+8MorK1vbG4Vt0s7u3v7B+bhUUcmmcCkjROWiF6IJGE0Jm1FFSO9VBDEQ0a64fhq7ncnREiaxPdqmhKfo2FMBxQjpaXANL0bHY5QkHuCw9vWLDDLtuVUXLfmQNtqNBpurbokdrUOHcteoAxWaAXmuxclOOMkVpghKfuOnSo/R0JRzMis5GWSpAiP0ZD0NY0RJ9LPF5fP4JlWIjhIhH6xggv1+0SOuJRTHuokR2okf3tz8S+vn6lB3c9pnGaKxHi5aJAxqBI4rwFGVBCs2FQThAXVt0I8QgJhpcsq6RK+fgr/J52K5eiu7i7KzctVHUVwAk7BOXCAC5rgGrRAG2AwAQ/gCTwbufFovBivy2jBWM0cgx8w3j4Bj8KTnw==</latexit><latexit sha1_base64="65PNuUY5TxITHhtpOxBCRUR5IYM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZLWknZXdONCpIJ9QBPCZDJth84kYWZSKKF/4saFIm79E3f+jdOHoKIHBg7nnMu9c8KUUals+8MorK1vbG4Vt0s7u3v7B+bhUUcmmcCkjROWiF6IJGE0Jm1FFSO9VBDEQ0a64fhq7ncnREiaxPdqmhKfo2FMBxQjpaXANL0bHY5QkHuCw9vWLDDLtuVUXLfmQNtqNBpurbokdrUOHcteoAxWaAXmuxclOOMkVpghKfuOnSo/R0JRzMis5GWSpAiP0ZD0NY0RJ9LPF5fP4JlWIjhIhH6xggv1+0SOuJRTHuokR2okf3tz8S+vn6lB3c9pnGaKxHi5aJAxqBI4rwFGVBCs2FQThAXVt0I8QgJhpcsq6RK+fgr/J52K5eiu7i7KzctVHUVwAk7BOXCAC5rgGrRAG2AwAQ/gCTwbufFovBivy2jBWM0cgx8w3j4Bj8KTnw==</latexit><latexit sha1_base64="65PNuUY5TxITHhtpOxBCRUR5IYM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZLWknZXdONCpIJ9QBPCZDJth84kYWZSKKF/4saFIm79E3f+jdOHoKIHBg7nnMu9c8KUUals+8MorK1vbG4Vt0s7u3v7B+bhUUcmmcCkjROWiF6IJGE0Jm1FFSO9VBDEQ0a64fhq7ncnREiaxPdqmhKfo2FMBxQjpaXANL0bHY5QkHuCw9vWLDDLtuVUXLfmQNtqNBpurbokdrUOHcteoAxWaAXmuxclOOMkVpghKfuOnSo/R0JRzMis5GWSpAiP0ZD0NY0RJ9LPF5fP4JlWIjhIhH6xggv1+0SOuJRTHuokR2okf3tz8S+vn6lB3c9pnGaKxHi5aJAxqBI4rwFGVBCs2FQThAXVt0I8QgJhpcsq6RK+fgr/J52K5eiu7i7KzctVHUVwAk7BOXCAC5rgGrRAG2AwAQ/gCTwbufFovBivy2jBWM0cgx8w3j4Bj8KTnw==</latexit><latexit sha1_base64="65PNuUY5TxITHhtpOxBCRUR5IYM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZLWknZXdONCpIJ9QBPCZDJth84kYWZSKKF/4saFIm79E3f+jdOHoKIHBg7nnMu9c8KUUals+8MorK1vbG4Vt0s7u3v7B+bhUUcmmcCkjROWiF6IJGE0Jm1FFSO9VBDEQ0a64fhq7ncnREiaxPdqmhKfo2FMBxQjpaXANL0bHY5QkHuCw9vWLDDLtuVUXLfmQNtqNBpurbokdrUOHcteoAxWaAXmuxclOOMkVpghKfuOnSo/R0JRzMis5GWSpAiP0ZD0NY0RJ9LPF5fP4JlWIjhIhH6xggv1+0SOuJRTHuokR2okf3tz8S+vn6lB3c9pnGaKxHi5aJAxqBI4rwFGVBCs2FQThAXVt0I8QgJhpcsq6RK+fgr/J52K5eiu7i7KzctVHUVwAk7BOXCAC5rgGrRAG2AwAQ/gCTwbufFovBivy2jBWM0cgx8w3j4Bj8KTnw==</latexit>
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模型实现⽅方式
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模型实现⽅方式
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中微⼦子质量量：跷跷板机制
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Type I  seesaw

�L = yL̄L�̃NR +
1

2
MN N̄ c

RNR + h.c
<latexit sha1_base64="Q12PpX/SUQBsdZ+zsBo4VctUMps="></latexit><latexit sha1_base64="Q12PpX/SUQBsdZ+zsBo4VctUMps="></latexit><latexit sha1_base64="Q12PpX/SUQBsdZ+zsBo4VctUMps="></latexit><latexit sha1_base64="Q12PpX/SUQBsdZ+zsBo4VctUMps="></latexit>

m⌫ =
m2

D

MN
<latexit sha1_base64="QdzkUApRqh2NeuGzKeiTQpm3P/o=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5IUse1BKOrBi6JgbaGtSzbNajDJLklWKEvx4l/x4kERr/4Kb/4bs1pBRR8MPN6bYWZemAhuLEJv3tj4xOTUdGGmODs3v7DoLy2fmTjVlDVpLGLdDolhgivWtNwK1k40IzIUrBVe7eV+65ppw2N1agcJ60lyoXjEKbFOCvxVGXRVCndgN9KEZjLYP68Ms8PgaBj4JVRGCGGMYU5wdRs5Uq/XKrgGcW45lMAIx4H/2u3HNJVMWSqIMR2MEtvLiLacCjYsdlPDEkKvyAXrOKqIZKaXfbwwhBtO6cMo1q6UhR/q94mMSGMGMnSdkthL89vLxb+8TmqjWi/jKkktU/RzUZQKaGOY5wH7XDNqxcARQjV3t0J6SVwW1qVWdCF8fQr/J2eVMkZlfLJVauyO4iiANbAONgEGVdAAB+AYNAEFN+AOPIBH79a7956858/WMW80swJ+wHt5B4wsluU=</latexit><latexit sha1_base64="QdzkUApRqh2NeuGzKeiTQpm3P/o=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5IUse1BKOrBi6JgbaGtSzbNajDJLklWKEvx4l/x4kERr/4Kb/4bs1pBRR8MPN6bYWZemAhuLEJv3tj4xOTUdGGmODs3v7DoLy2fmTjVlDVpLGLdDolhgivWtNwK1k40IzIUrBVe7eV+65ppw2N1agcJ60lyoXjEKbFOCvxVGXRVCndgN9KEZjLYP68Ms8PgaBj4JVRGCGGMYU5wdRs5Uq/XKrgGcW45lMAIx4H/2u3HNJVMWSqIMR2MEtvLiLacCjYsdlPDEkKvyAXrOKqIZKaXfbwwhBtO6cMo1q6UhR/q94mMSGMGMnSdkthL89vLxb+8TmqjWi/jKkktU/RzUZQKaGOY5wH7XDNqxcARQjV3t0J6SVwW1qVWdCF8fQr/J2eVMkZlfLJVauyO4iiANbAONgEGVdAAB+AYNAEFN+AOPIBH79a7956858/WMW80swJ+wHt5B4wsluU=</latexit><latexit sha1_base64="QdzkUApRqh2NeuGzKeiTQpm3P/o=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5IUse1BKOrBi6JgbaGtSzbNajDJLklWKEvx4l/x4kERr/4Kb/4bs1pBRR8MPN6bYWZemAhuLEJv3tj4xOTUdGGmODs3v7DoLy2fmTjVlDVpLGLdDolhgivWtNwK1k40IzIUrBVe7eV+65ppw2N1agcJ60lyoXjEKbFOCvxVGXRVCndgN9KEZjLYP68Ms8PgaBj4JVRGCGGMYU5wdRs5Uq/XKrgGcW45lMAIx4H/2u3HNJVMWSqIMR2MEtvLiLacCjYsdlPDEkKvyAXrOKqIZKaXfbwwhBtO6cMo1q6UhR/q94mMSGMGMnSdkthL89vLxb+8TmqjWi/jKkktU/RzUZQKaGOY5wH7XDNqxcARQjV3t0J6SVwW1qVWdCF8fQr/J2eVMkZlfLJVauyO4iiANbAONgEGVdAAB+AYNAEFN+AOPIBH79a7956858/WMW80swJ+wHt5B4wsluU=</latexit><latexit sha1_base64="QdzkUApRqh2NeuGzKeiTQpm3P/o=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5IUse1BKOrBi6JgbaGtSzbNajDJLklWKEvx4l/x4kERr/4Kb/4bs1pBRR8MPN6bYWZemAhuLEJv3tj4xOTUdGGmODs3v7DoLy2fmTjVlDVpLGLdDolhgivWtNwK1k40IzIUrBVe7eV+65ppw2N1agcJ60lyoXjEKbFOCvxVGXRVCndgN9KEZjLYP68Ms8PgaBj4JVRGCGGMYU5wdRs5Uq/XKrgGcW45lMAIx4H/2u3HNJVMWSqIMR2MEtvLiLacCjYsdlPDEkKvyAXrOKqIZKaXfbwwhBtO6cMo1q6UhR/q94mMSGMGMnSdkthL89vLxb+8TmqjWi/jKkktU/RzUZQKaGOY5wH7XDNqxcARQjV3t0J6SVwW1qVWdCF8fQr/J2eVMkZlfLJVauyO4iiANbAONgEGVdAAB+AYNAEFN+AOPIBH79a7956858/WMW80swJ+wHt5B4wsluU=</latexit>

M =

✓
0 mD

mD MN

◆

加⼊入单态右⼿手中微⼦子
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中微⼦子质量量：跷跷板机制

�32

Type I  seesaw

�L = yL̄L�̃NR +
1

2
MN N̄ c

RNR + h.c
<latexit sha1_base64="Q12PpX/SUQBsdZ+zsBo4VctUMps="></latexit><latexit sha1_base64="Q12PpX/SUQBsdZ+zsBo4VctUMps="></latexit><latexit sha1_base64="Q12PpX/SUQBsdZ+zsBo4VctUMps="></latexit><latexit sha1_base64="Q12PpX/SUQBsdZ+zsBo4VctUMps="></latexit>

m⌫ =
m2

D

MN
<latexit sha1_base64="QdzkUApRqh2NeuGzKeiTQpm3P/o=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5IUse1BKOrBi6JgbaGtSzbNajDJLklWKEvx4l/x4kERr/4Kb/4bs1pBRR8MPN6bYWZemAhuLEJv3tj4xOTUdGGmODs3v7DoLy2fmTjVlDVpLGLdDolhgivWtNwK1k40IzIUrBVe7eV+65ppw2N1agcJ60lyoXjEKbFOCvxVGXRVCndgN9KEZjLYP68Ms8PgaBj4JVRGCGGMYU5wdRs5Uq/XKrgGcW45lMAIx4H/2u3HNJVMWSqIMR2MEtvLiLacCjYsdlPDEkKvyAXrOKqIZKaXfbwwhBtO6cMo1q6UhR/q94mMSGMGMnSdkthL89vLxb+8TmqjWi/jKkktU/RzUZQKaGOY5wH7XDNqxcARQjV3t0J6SVwW1qVWdCF8fQr/J2eVMkZlfLJVauyO4iiANbAONgEGVdAAB+AYNAEFN+AOPIBH79a7956858/WMW80swJ+wHt5B4wsluU=</latexit><latexit sha1_base64="QdzkUApRqh2NeuGzKeiTQpm3P/o=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5IUse1BKOrBi6JgbaGtSzbNajDJLklWKEvx4l/x4kERr/4Kb/4bs1pBRR8MPN6bYWZemAhuLEJv3tj4xOTUdGGmODs3v7DoLy2fmTjVlDVpLGLdDolhgivWtNwK1k40IzIUrBVe7eV+65ppw2N1agcJ60lyoXjEKbFOCvxVGXRVCndgN9KEZjLYP68Ms8PgaBj4JVRGCGGMYU5wdRs5Uq/XKrgGcW45lMAIx4H/2u3HNJVMWSqIMR2MEtvLiLacCjYsdlPDEkKvyAXrOKqIZKaXfbwwhBtO6cMo1q6UhR/q94mMSGMGMnSdkthL89vLxb+8TmqjWi/jKkktU/RzUZQKaGOY5wH7XDNqxcARQjV3t0J6SVwW1qVWdCF8fQr/J2eVMkZlfLJVauyO4iiANbAONgEGVdAAB+AYNAEFN+AOPIBH79a7956858/WMW80swJ+wHt5B4wsluU=</latexit><latexit sha1_base64="QdzkUApRqh2NeuGzKeiTQpm3P/o=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5IUse1BKOrBi6JgbaGtSzbNajDJLklWKEvx4l/x4kERr/4Kb/4bs1pBRR8MPN6bYWZemAhuLEJv3tj4xOTUdGGmODs3v7DoLy2fmTjVlDVpLGLdDolhgivWtNwK1k40IzIUrBVe7eV+65ppw2N1agcJ60lyoXjEKbFOCvxVGXRVCndgN9KEZjLYP68Ms8PgaBj4JVRGCGGMYU5wdRs5Uq/XKrgGcW45lMAIx4H/2u3HNJVMWSqIMR2MEtvLiLacCjYsdlPDEkKvyAXrOKqIZKaXfbwwhBtO6cMo1q6UhR/q94mMSGMGMnSdkthL89vLxb+8TmqjWi/jKkktU/RzUZQKaGOY5wH7XDNqxcARQjV3t0J6SVwW1qVWdCF8fQr/J2eVMkZlfLJVauyO4iiANbAONgEGVdAAB+AYNAEFN+AOPIBH79a7956858/WMW80swJ+wHt5B4wsluU=</latexit><latexit sha1_base64="QdzkUApRqh2NeuGzKeiTQpm3P/o=">AAACAnicdVBNSwMxEM36WevXqifxEiyCp5IUse1BKOrBi6JgbaGtSzbNajDJLklWKEvx4l/x4kERr/4Kb/4bs1pBRR8MPN6bYWZemAhuLEJv3tj4xOTUdGGmODs3v7DoLy2fmTjVlDVpLGLdDolhgivWtNwK1k40IzIUrBVe7eV+65ppw2N1agcJ60lyoXjEKbFOCvxVGXRVCndgN9KEZjLYP68Ms8PgaBj4JVRGCGGMYU5wdRs5Uq/XKrgGcW45lMAIx4H/2u3HNJVMWSqIMR2MEtvLiLacCjYsdlPDEkKvyAXrOKqIZKaXfbwwhBtO6cMo1q6UhR/q94mMSGMGMnSdkthL89vLxb+8TmqjWi/jKkktU/RzUZQKaGOY5wH7XDNqxcARQjV3t0J6SVwW1qVWdCF8fQr/J2eVMkZlfLJVauyO4iiANbAONgEGVdAAB+AYNAEFN+AOPIBH79a7956858/WMW80swJ+wHt5B4wsluU=</latexit>

M =

✓
0 mD

mD MN

◆

对撞机寻找

u

d̄

W+

ℓ+

ℓ+

j

jpp → ℓ+N → ℓ+ℓ+jj

N
加⼊入单态右⼿手中微⼦子



νL

νL

φ

φ

∆0

中微⼦子质量量：跷跷板机制
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Type II seesaw

γ, Z

e−, q

e+, q̄

∆−−

∆++

ℓ−

ℓ−

ℓ+

ℓ+
加⼊入弱三重态 Higgs



νL νL

φ φ

ΣR

中微⼦子质量量：跷跷板机制
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Type III  seesaw

γ, Z

e−, q

e+, q̄

E−

E+

ℓ−

Z

Z

ℓ+

加⼊入弱三重态轻⼦子



Leptogenesis：宇宙正反物质不不对称起源

— 轻⼦子CP破坏效应，可以提供⼀一种机制。极重的右⼿手惰性中
微⼦子宇宙早期衰变过程中产⽣生净轻⼦子数，转化为净重⼦子数。 

— 解释宇宙正反物质不不对称 + 中微⼦子质量量：⼀一⽯石⼆二雕。
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中微⼦子：Dirac 还是 Majorana 粒⼦子？

要检验轻中微⼦子是否是 Majorana 粒⼦子，也可通过⽆无中微⼦子双
⻉贝塔实验
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有中微⼦子 
双beta衰变

⽆无中微⼦子 
双beta衰变

两中微⼦子末态
⽆无中微⼦子末态

两个电⼦子能量量总和



左右⼿手对称模型 Left-Right Symmetric Model
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1，扩充了了规范对称性，三个额外规范玻⾊色⼦子； 
2，为⾃自发破坏规范对称性，需要扩充 Higgs 部分； 
3，需加⼊入右⼿手中微⼦子；

W
±
R , Z

0

H
±
, A

0
, h

0
, �

±
, ...

NR
<latexit sha1_base64="x0uCIdsM6h4gD3Ie/mb6fxausao="></latexit><latexit sha1_base64="x0uCIdsM6h4gD3Ie/mb6fxausao="></latexit><latexit sha1_base64="x0uCIdsM6h4gD3Ie/mb6fxausao="></latexit><latexit sha1_base64="x0uCIdsM6h4gD3Ie/mb6fxausao="></latexit>

QL =

✓
u
d

◆

L

, QR =

✓
u
d

◆

R

LL =

✓
⌫
e

◆

L

, LR =

✓
N
e

◆

R
<latexit sha1_base64="x9R9/8apVcINB8QCzO8kGHxJELE="></latexit><latexit sha1_base64="x9R9/8apVcINB8QCzO8kGHxJELE="></latexit><latexit sha1_base64="x9R9/8apVcINB8QCzO8kGHxJELE="></latexit><latexit sha1_base64="x9R9/8apVcINB8QCzO8kGHxJELE="></latexit>

— 试图解释为什什么低能（带电）弱相互作⽤用是左⼿手？弱作⽤用中宇称不不守恒。 
— 同时模型中中微⼦子存在质量量。

扩充规范对称性  

SU(2)L ⌦ SU(2)R ⌦ U(1)B�L
<latexit sha1_base64="bknDWLivbPx6IxnCDrNrUib96oc="></latexit><latexit sha1_base64="bknDWLivbPx6IxnCDrNrUib96oc="></latexit><latexit sha1_base64="bknDWLivbPx6IxnCDrNrUib96oc="></latexit><latexit sha1_base64="bknDWLivbPx6IxnCDrNrUib96oc="></latexit>

SU(2)L ⌦ U(1)Y
<latexit sha1_base64="Z8Z/1Yvaukz0JeetrVWtP2WRKC0=">AAAB/nicdVBNS0JBFJ1nX2Zfr6JVmyEJdCMzEqk7qU2LFkY9NVQe88ZRB+d9MDMvkIfQX2nTooi2/Y52/ZvmqUFFHbhwOOde7r3HiwRXGqEPK7O0vLK6ll3PbWxube/Yu3tNFcaSMoeGIpRtjygmeMAczbVg7Ugy4nuCtbzxeeq37phUPAxu9CRiPZ8MAz7glGgjufbBtVMoF93Lbqi5zxR0Crjo3rp2HpUQQhhjmBJcOUWG1GrVMq5CnFoGebBAw7Xfu/2Qxj4LNBVEqQ5Gke4lRGpOBZvmurFiEaFjMmQdQwNidvWS2flTeGyUPhyE0lSg4Uz9PpEQX6mJ75lOn+iR+u2l4l9eJ9aDai/hQRRrFtD5okEsoA5hmgXsc8moFhNDCJXc3ArpiEhCtUksZ0L4+hT+T5rlEkYlfHWSr58t4siCQ3AECgCDCqiDC9AADqAgAQ/gCTxb99aj9WK9zlsz1mJmH/yA9fYJ3zCUJQ==</latexit><latexit sha1_base64="Z8Z/1Yvaukz0JeetrVWtP2WRKC0=">AAAB/nicdVBNS0JBFJ1nX2Zfr6JVmyEJdCMzEqk7qU2LFkY9NVQe88ZRB+d9MDMvkIfQX2nTooi2/Y52/ZvmqUFFHbhwOOde7r3HiwRXGqEPK7O0vLK6ll3PbWxube/Yu3tNFcaSMoeGIpRtjygmeMAczbVg7Ugy4nuCtbzxeeq37phUPAxu9CRiPZ8MAz7glGgjufbBtVMoF93Lbqi5zxR0Crjo3rp2HpUQQhhjmBJcOUWG1GrVMq5CnFoGebBAw7Xfu/2Qxj4LNBVEqQ5Gke4lRGpOBZvmurFiEaFjMmQdQwNidvWS2flTeGyUPhyE0lSg4Uz9PpEQX6mJ75lOn+iR+u2l4l9eJ9aDai/hQRRrFtD5okEsoA5hmgXsc8moFhNDCJXc3ArpiEhCtUksZ0L4+hT+T5rlEkYlfHWSr58t4siCQ3AECgCDCqiDC9AADqAgAQ/gCTxb99aj9WK9zlsz1mJmH/yA9fYJ3zCUJQ==</latexit><latexit sha1_base64="Z8Z/1Yvaukz0JeetrVWtP2WRKC0=">AAAB/nicdVBNS0JBFJ1nX2Zfr6JVmyEJdCMzEqk7qU2LFkY9NVQe88ZRB+d9MDMvkIfQX2nTooi2/Y52/ZvmqUFFHbhwOOde7r3HiwRXGqEPK7O0vLK6ll3PbWxube/Yu3tNFcaSMoeGIpRtjygmeMAczbVg7Ugy4nuCtbzxeeq37phUPAxu9CRiPZ8MAz7glGgjufbBtVMoF93Lbqi5zxR0Crjo3rp2HpUQQhhjmBJcOUWG1GrVMq5CnFoGebBAw7Xfu/2Qxj4LNBVEqQ5Gke4lRGpOBZvmurFiEaFjMmQdQwNidvWS2flTeGyUPhyE0lSg4Uz9PpEQX6mJ75lOn+iR+u2l4l9eJ9aDai/hQRRrFtD5okEsoA5hmgXsc8moFhNDCJXc3ArpiEhCtUksZ0L4+hT+T5rlEkYlfHWSr58t4siCQ3AECgCDCqiDC9AADqAgAQ/gCTxb99aj9WK9zlsz1mJmH/yA9fYJ3zCUJQ==</latexit><latexit sha1_base64="Z8Z/1Yvaukz0JeetrVWtP2WRKC0=">AAAB/nicdVBNS0JBFJ1nX2Zfr6JVmyEJdCMzEqk7qU2LFkY9NVQe88ZRB+d9MDMvkIfQX2nTooi2/Y52/ZvmqUFFHbhwOOde7r3HiwRXGqEPK7O0vLK6ll3PbWxube/Yu3tNFcaSMoeGIpRtjygmeMAczbVg7Ugy4nuCtbzxeeq37phUPAxu9CRiPZ8MAz7glGgjufbBtVMoF93Lbqi5zxR0Crjo3rp2HpUQQhhjmBJcOUWG1GrVMq5CnFoGebBAw7Xfu/2Qxj4LNBVEqQ5Gke4lRGpOBZvmurFiEaFjMmQdQwNidvWS2flTeGyUPhyE0lSg4Uz9PpEQX6mJ75lOn+iR+u2l4l9eJ9aDai/hQRRrFtD5okEsoA5hmgXsc8moFhNDCJXc3ArpiEhCtUksZ0L4+hT+T5rlEkYlfHWSr58t4siCQ3AECgCDCqiDC9AADqAgAQ/gCTxb99aj9WK9zlsz1mJmH/yA9fYJ3zCUJQ==</latexit>

U(1)EM
<latexit sha1_base64="6wE2LAX+l2nCsXYAZzVYkSx7hs0=">AAAB8HicdVBNSwMxEM36WetX1aOXYBHqpSRFbHsriuBFqOC2lXYp2TTbhmazS5IVytJf4cWDIl79Od78N2bbCir6YODx3gwz8/xYcG0Q+nCWlldW19ZzG/nNre2d3cLefktHiaLMpZGIVMcnmgkumWu4EawTK0ZCX7C2P77I/PY9U5pH8tZMYuaFZCh5wCkxVrpzS/ikn15eT/uFIiojhDDGMCO4eoYsqddrFVyDOLMsimCBZr/w3htENAmZNFQQrbsYxcZLiTKcCjbN9xLNYkLHZMi6lkoSMu2ls4On8NgqAxhEypY0cKZ+n0hJqPUk9G1nSMxI//Yy8S+vm5ig5qVcxolhks4XBYmAJoLZ93DAFaNGTCwhVHF7K6Qjogg1NqO8DeHrU/g/aVXKGJXxzWmxcb6IIwcOwREoAQyqoAGuQBO4gIIQPIAn8Owo59F5cV7nrUvOYuYA/IDz9gnZaY/K</latexit><latexit sha1_base64="6wE2LAX+l2nCsXYAZzVYkSx7hs0=">AAAB8HicdVBNSwMxEM36WetX1aOXYBHqpSRFbHsriuBFqOC2lXYp2TTbhmazS5IVytJf4cWDIl79Od78N2bbCir6YODx3gwz8/xYcG0Q+nCWlldW19ZzG/nNre2d3cLefktHiaLMpZGIVMcnmgkumWu4EawTK0ZCX7C2P77I/PY9U5pH8tZMYuaFZCh5wCkxVrpzS/ikn15eT/uFIiojhDDGMCO4eoYsqddrFVyDOLMsimCBZr/w3htENAmZNFQQrbsYxcZLiTKcCjbN9xLNYkLHZMi6lkoSMu2ls4On8NgqAxhEypY0cKZ+n0hJqPUk9G1nSMxI//Yy8S+vm5ig5qVcxolhks4XBYmAJoLZ93DAFaNGTCwhVHF7K6Qjogg1NqO8DeHrU/g/aVXKGJXxzWmxcb6IIwcOwREoAQyqoAGuQBO4gIIQPIAn8Owo59F5cV7nrUvOYuYA/IDz9gnZaY/K</latexit><latexit sha1_base64="6wE2LAX+l2nCsXYAZzVYkSx7hs0=">AAAB8HicdVBNSwMxEM36WetX1aOXYBHqpSRFbHsriuBFqOC2lXYp2TTbhmazS5IVytJf4cWDIl79Od78N2bbCir6YODx3gwz8/xYcG0Q+nCWlldW19ZzG/nNre2d3cLefktHiaLMpZGIVMcnmgkumWu4EawTK0ZCX7C2P77I/PY9U5pH8tZMYuaFZCh5wCkxVrpzS/ikn15eT/uFIiojhDDGMCO4eoYsqddrFVyDOLMsimCBZr/w3htENAmZNFQQrbsYxcZLiTKcCjbN9xLNYkLHZMi6lkoSMu2ls4On8NgqAxhEypY0cKZ+n0hJqPUk9G1nSMxI//Yy8S+vm5ig5qVcxolhks4XBYmAJoLZ93DAFaNGTCwhVHF7K6Qjogg1NqO8DeHrU/g/aVXKGJXxzWmxcb6IIwcOwREoAQyqoAGuQBO4gIIQPIAn8Owo59F5cV7nrUvOYuYA/IDz9gnZaY/K</latexit><latexit sha1_base64="6wE2LAX+l2nCsXYAZzVYkSx7hs0=">AAAB8HicdVBNSwMxEM36WetX1aOXYBHqpSRFbHsriuBFqOC2lXYp2TTbhmazS5IVytJf4cWDIl79Od78N2bbCir6YODx3gwz8/xYcG0Q+nCWlldW19ZzG/nNre2d3cLefktHiaLMpZGIVMcnmgkumWu4EawTK0ZCX7C2P77I/PY9U5pH8tZMYuaFZCh5wCkxVrpzS/ikn15eT/uFIiojhDDGMCO4eoYsqddrFVyDOLMsimCBZr/w3htENAmZNFQQrbsYxcZLiTKcCjbN9xLNYkLHZMi6lkoSMu2ls4On8NgqAxhEypY0cKZ+n0hJqPUk9G1nSMxI//Yy8S+vm5ig5qVcxolhks4XBYmAJoLZ93DAFaNGTCwhVHF7K6Qjogg1NqO8DeHrU/g/aVXKGJXxzWmxcb6IIwcOwREoAQyqoAGuQBO4gIIQPIAn8Owo59F5cV7nrUvOYuYA/IDz9gnZaY/K</latexit>

MWR
<latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit><latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit><latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="57VA8XEkIAxvQoN9o8wAZOOuFko=">AAAB43icbZDNSgMxFIXv+Ftr1erWTbAIrsqMG10KbtwIVWyn0A5DJr3ThiaZIckIZehDuHGhiO/kzrcx/Vlo64HAxzkJufckueDG+v63t7G5tb2zW9mr7tcODo/qx7WOyQrNsM0ykeluQg0KrrBtuRXYzTVSmQgMk/HtLA+fURueqSc7yTGSdKh4yhm1zgrv4zKMH6dxveE3/bnIOgRLaMBSrbj+1R9krJCoLBPUmF7g5zYqqbacCZxW+4XBnLIxHWLPoaISTVTOx52Sc+cMSJppd5Qlc/f3i5JKYyYycTcltSOzms3M/7JeYdPrqOQqLywqtvgoLQSxGZntTgZcI7Ni4oAyzd2shI2opsy6hqquhGB15XXoXDYDvxk8+FCBUziDCwjgCm7gDlrQBgZjeIE3ePdy79X7WNS14S17O4E/8j5/APQDjhM=</latexit><latexit sha1_base64="8mlsMz0soGJdD11LqNTEDpMbwGk=">AAAB43icdZDNSgMxFIXv1L9aq1a3boJFcDVkamnrTnDjRqhinUI7DJk004ZmfkgyQhn6EG5cKOI7ufNtzLQVVPRA4PCdhNx7glRwpTH+sEpr6xubW+Xtyk51d2+/dlC9V0kmKevRRCSyHxDFBI9ZT3MtWD+VjESBYG4wvSxy94FJxZP4Ts9S5kVkHPOQU6INcq/93PVv536tju3zTqvRbCFsY9x2Gk5hGu3mWRM5hhSqw0pdv/Y+HCU0i1isqSBKDRycai8nUnMq2LwyzBRLCZ2SMRsYG5OIKS9fjDtHJ4aMUJhIc2KNFvT7i5xESs2iwNyMiJ6o31kB/8oGmQ47Xs7jNNMspsuPwkwgnaBidzTiklEtZsYQKrmZFdEJkYRq01DFlPC1Kfrf3DdsB9vODYYyHMExnIIDbbiAK+hCDyhM4RGe4cVKrSfrdVlXyVr1dgg/ZL19AlFLjlU=</latexit><latexit sha1_base64="S4PBsuhh21HoEaH2tlapa36o+xQ=">AAAB7nicdVBNS8NAEN3Ur1q/qh69LBbBU9jU0tZb0YsXoYptCm0Im+2mXbrZhN2NUEJ/hBcPinj193jz37hpK6jog4HHezPMzAsSzpRG6MMqrKyurW8UN0tb2zu7e+X9g66KU0loh8Q8lr0AK8qZoB3NNKe9RFIcBZy6weQy9917KhWLxZ2eJtSL8EiwkBGsjeRe+5nr3878cgXZ5816tVaHyEao4VSdnFQbtbMadIySowKWaPvl98EwJmlEhSYcK9V3UKK9DEvNCKez0iBVNMFkgke0b6jAEVVeNj93Bk+MMoRhLE0JDefq94kMR0pNo8B0RliP1W8vF//y+qkOm17GRJJqKshiUZhyqGOY/w6HTFKi+dQQTCQzt0IyxhITbRIqmRC+PoX/k27VdpDt3KBK62IZRxEcgWNwChzQAC1wBdqgAwiYgAfwBJ6txHq0XqzXRWvBWs4cgh+w3j4BgUOPqg==</latexit><latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit><latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit><latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit><latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit><latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit><latexit sha1_base64="1J/59EYD1N7aw36RKdpKiUpLLck=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0VwFSYxtHVXdONGqGKbQhvCZDpph04ezEyEEvoRblwo4tbvceffOGkrqOiBC4dz7uXee4KUM6kQ+jBKK6tr6xvlzcrW9s7uXnX/oCuTTBDaIQlPRC/AknIW045iitNeKiiOAk7dYHJZ+O49FZIl8Z2aptSL8ChmISNYacm99nPXv5351Royz5t126lDZCLUsGyrIHbDOXOgpZUCNbBE26++D4YJySIaK8KxlH0LpcrLsVCMcDqrDDJJU0wmeET7msY4otLL5+fO4IlWhjBMhK5Ywbn6fSLHkZTTKNCdEVZj+dsrxL+8fqbCppezOM0UjcliUZhxqBJY/A6HTFCi+FQTTATTt0IyxgITpROq6BC+PoX/k65tWsi0bpxa62IZRxkcgWNwCizQAC1wBdqgAwiYgAfwBJ6N1Hg0XozXRWvJWM4cgh8w3j4BgoOPrg==</latexit>
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左右⼿手对称模型 Left-Right Symmetric Model
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中微⼦子质量量：

M =

✓
mL mD

mT
D mR

◆
) m⌫ = mL �mDm�1

R mT
D
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对撞机寻找：

新的粒⼦子， 
新的相互作⽤用形式



暗物质

• 标准模型中⽆无合适的暗物质粒⼦子； 

• 暗物质具有中性、稳定（寿命⻓长），
⾮非重⼦子性质；
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稳定性：  不不衰变或者寿命⻓长于宇宙年年龄；

标准模型中粒⼦子稳定性： 
（1）光⼦子：⽆无质量量，最轻的玻⾊色⼦子； 
（2）中微⼦子：最轻的费⽶米⼦子； 
（3）电⼦子：最轻的带电粒⼦子，电荷守恒；U(1)Q 对称性 
（4）质⼦子：标准模型具有偶然的 U(1)B 对称性；



DM SM

∝ 1
Λ

暗物质
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稳定机制： 
 （⼀一）稳定不不衰变： 

⼀一般采取加⼊入额外对称性 Z2  或具有 
残余 Z2 对称性。

Z2

标准模型 +
暗物质 -

（⼆二）⻓长寿命衰变： 
和标准模型粒⼦子相互作⽤用被⾼高能标⾃自由度压低。

流⾏行行或常⻅见的暗物质候选者称为 WIMPs （“未⼘卜”粒⼦子） 
Weakly Interacting Massive Particles



A thermal relic 
from the Early Universe
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ΩX ≈
6 10−27cm3s−1

⟨σannv⟩

Boltzmann equation 
in the Early Universe:

Weak cross section:

⟨σannv⟩ ≈
α2

w

M2
≈

α2
w

2
1TeV

ΩX ∼ O(few 0.1)⇒ (WIMP)

�DM � 0.23 forRelic
��annv⇥ = 3 · 10�26cm3/sec

��̄ � ff̄ ��̄� ff̄ ��̄ � . . .
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暗物质标准模型
媒介

H, �
0
, N, · · ·

<latexit sha1_base64="FwR7vkf+wRj845MiEOpS8CdJtxw=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBRSlJEdvuim66kgr2AZ1aMmnahiYzQ5IRSim48VfcuFDErT/hzr8x01ZQ0QMXDufcy733+JHg2iD04aSWlldW19LrmY3Nre0dd3evocNYUVanoQhVyyeaCR6wuuFGsFakGJG+YE1/dJH4zVumNA+DazOOWEeSQcD7nBJjpa57UM15AyIlufEixSXLwcsc9GgvNLrrZlEeIYQxhgnBxTNkSblcKuASxIllkQUL1Lruu9cLaSxZYKggWrcxikxnQpThVLBpxos1iwgdkQFrWxoQyXRnMvthCo+t0oP9UNkKDJyp3ycmRGo9lr7tlMQM9W8vEf/y2rHplzoTHkSxYQGdL+rHApoQJoHAHleMGjG2hFDF7a2QDoki1NjYMjaEr0/h/6RRyGOUx1en2cr5Io40OARH4ARgUAQVUAU1UAcU3IEH8ASenXvn0XlxXuetKWcxsw9+wHn7BLXzlu4=</latexit><latexit sha1_base64="FwR7vkf+wRj845MiEOpS8CdJtxw=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBRSlJEdvuim66kgr2AZ1aMmnahiYzQ5IRSim48VfcuFDErT/hzr8x01ZQ0QMXDufcy733+JHg2iD04aSWlldW19LrmY3Nre0dd3evocNYUVanoQhVyyeaCR6wuuFGsFakGJG+YE1/dJH4zVumNA+DazOOWEeSQcD7nBJjpa57UM15AyIlufEixSXLwcsc9GgvNLrrZlEeIYQxhgnBxTNkSblcKuASxIllkQUL1Lruu9cLaSxZYKggWrcxikxnQpThVLBpxos1iwgdkQFrWxoQyXRnMvthCo+t0oP9UNkKDJyp3ycmRGo9lr7tlMQM9W8vEf/y2rHplzoTHkSxYQGdL+rHApoQJoHAHleMGjG2hFDF7a2QDoki1NjYMjaEr0/h/6RRyGOUx1en2cr5Io40OARH4ARgUAQVUAU1UAcU3IEH8ASenXvn0XlxXuetKWcxsw9+wHn7BLXzlu4=</latexit><latexit sha1_base64="FwR7vkf+wRj845MiEOpS8CdJtxw=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBRSlJEdvuim66kgr2AZ1aMmnahiYzQ5IRSim48VfcuFDErT/hzr8x01ZQ0QMXDufcy733+JHg2iD04aSWlldW19LrmY3Nre0dd3evocNYUVanoQhVyyeaCR6wuuFGsFakGJG+YE1/dJH4zVumNA+DazOOWEeSQcD7nBJjpa57UM15AyIlufEixSXLwcsc9GgvNLrrZlEeIYQxhgnBxTNkSblcKuASxIllkQUL1Lruu9cLaSxZYKggWrcxikxnQpThVLBpxos1iwgdkQFrWxoQyXRnMvthCo+t0oP9UNkKDJyp3ycmRGo9lr7tlMQM9W8vEf/y2rHplzoTHkSxYQGdL+rHApoQJoHAHleMGjG2hFDF7a2QDoki1NjYMjaEr0/h/6RRyGOUx1en2cr5Io40OARH4ARgUAQVUAU1UAcU3IEH8ASenXvn0XlxXuetKWcxsw9+wHn7BLXzlu4=</latexit><latexit sha1_base64="FwR7vkf+wRj845MiEOpS8CdJtxw=">AAACA3icdVDLSgMxFM3UV62vUXe6CRbBRSlJEdvuim66kgr2AZ1aMmnahiYzQ5IRSim48VfcuFDErT/hzr8x01ZQ0QMXDufcy733+JHg2iD04aSWlldW19LrmY3Nre0dd3evocNYUVanoQhVyyeaCR6wuuFGsFakGJG+YE1/dJH4zVumNA+DazOOWEeSQcD7nBJjpa57UM15AyIlufEixSXLwcsc9GgvNLrrZlEeIYQxhgnBxTNkSblcKuASxIllkQUL1Lruu9cLaSxZYKggWrcxikxnQpThVLBpxos1iwgdkQFrWxoQyXRnMvthCo+t0oP9UNkKDJyp3ycmRGo9lr7tlMQM9W8vEf/y2rHplzoTHkSxYQGdL+rHApoQJoHAHleMGjG2hFDF7a2QDoki1NjYMjaEr0/h/6RRyGOUx1en2cr5Io40OARH4ARgUAQVUAU1UAcU3IEH8ASenXvn0XlxXuetKWcxsw9+wHn7BLXzlu4=</latexit>

相互作⽤用

暗物质粒⼦子热退耦

热平衡：

neq
� = g

✓
mT

2⇡

◆3/2

e�m/T

<latexit sha1_base64="wJYm9QvrbdFWQh8sEcrxzzZcUpY="></latexit>

热退耦：

�anni = n�h�Avi ⇠ H(Tf )
<latexit sha1_base64="SOM7ppC7RlpT+L+/wg1upL6nBso="></latexit>
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暗物质残余丰度：

⌦�h
2 ' 3⇥ 10�27cm3s�1

h�Avi
⇠ 0.113± 0.003 (WMAP)

<latexit sha1_base64="8ngT6YSM4cjK3c7VrtSA02dfPr4="></latexit><latexit sha1_base64="8ngT6YSM4cjK3c7VrtSA02dfPr4="></latexit><latexit sha1_base64="8ngT6YSM4cjK3c7VrtSA02dfPr4="></latexit><latexit sha1_base64="8ngT6YSM4cjK3c7VrtSA02dfPr4="></latexit>

合适残余丰度需要： �v ⇠ 0.1pb
<latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit><latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit><latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SOHNVdHDN8qhnnv/ToLwR8SbIPQ=">AAAB+HicbZBLSwMxFIXv+Ky16uhSN8EiuCozbnQpuHFZwT6gHcqdNNOGJpkhyRTKUHDjX3HjQhF/iTv/jeljoa0HAh/nJNzcE2eCGxsE397G5tb2zm5pr7xfOTg88o8rTZPmmrIGTUWq2zEaJrhiDcutYO1MM5SxYK14dDfLW2OmDU/Vo51kLJI4UDzhFK2zev5p1/CBRDImDiQJaiEpulqSLJ72/GpQC+Yi6xAuoQpL1Xv+V7ef0lwyZalAYzphkNmoQG05FWxa7uaGZUhHOGAdhwolM1Ex32FKLpzTJ0mq3VGWzN3fLwqUxkxk7G5KtEOzms3M/7JObpObqOAqyy1TdDEoyQWxKZkVQvpcM2rFxAFSzd1fCR2iRmpdbWVXQri68jo0r2qhq+4hgBKcwTlcQgjXcAv3UIcGUHiCF3iDd+/Ze/U+FnVteMveTuCPvM8feqmU/Q==</latexit><latexit sha1_base64="rPgsbb7XUSUEm9xx18ter3dmhlI=">AAAB+HicdZBPS8MwGMbfzn9zTq0e9RIcgqeRKuq8CV48TnBzsJaRZukWlrQlSQejDLz4Vbx4UMRP4s1vY9ZNUNEHAg+/J+HN+4Sp4Npg/OGUlpZXVtfK65WN6ubWtrtTbeskU5S1aCIS1QmJZoLHrGW4EayTKkZkKNhdOLqa5XdjpjRP4lszSVkgySDmEafEWNRz93zNB5KgMbJGIlz3UO4ridJw2nNruH6KvYszbDkuVJiGd+Ihb0FqsFCz5777/YRmksWGCqJ118OpCXKiDKeCTSt+pllK6IgMWNfamEimg7zYYYoOLemjKFH2xAYV9PuLnEitJzK0NyUxQ/07m8G/sm5mokaQ8zjNDIvpfFCUCWQSNCsE9bli1IiJNYQqbv+K6JAoQo2trWJL+NoU/W/ax3XPVneDoQz7cABH4ME5XMI1NKEFFO7hEZ7hxXlwnpzXeV0lZ9HbLvyQ8/YJqqyVHw==</latexit><latexit sha1_base64="hwPXT+Ocn4FesPMdzLNa/oXyBqQ=">AAACA3icdZDLSgMxFIYz9VbrbdSdboJFcFUyilp3RTcuK9gLdIaSSdM2NMkMSaZQhoIbX8WNC0Xc+hLufBvT6Qgq+kPg5zvncHL+MOZMG4Q+nMLC4tLySnG1tLa+sbnlbu80dZQoQhsk4pFqh1hTziRtGGY4bceKYhFy2gpHV7N6a0yVZpG8NZOYBgIPJOszgo1FXXfP12wgMBxDawREFQ+mvhIwDqddt4wqp8i7OEOWo0yZqXonHvRyUga56l333e9FJBFUGsKx1h0PxSZIsTKMcDot+YmmMSYjPKAdayUWVAdpdsMUHlrSg/1I2ScNzOj3iRQLrScitJ0Cm6H+XZvBv2qdxPSrQcpknBgqyXxRP+HQRHAWCOwxRYnhE2swUcz+FZIhVpgYG1vJhvB1KfzfNI8rno3uBpVrl3kcRbAPDsAR8MA5qIFrUAcNQMAdeABP4Nm5dx6dF+d13lpw8pld8EPO2ycigpaJ</latexit><latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit><latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit><latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit><latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit><latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit><latexit sha1_base64="UHpEfiirQkm0XVkClfb6jM0EQO8=">AAACA3icdZDLSgMxFIYzXmu9jbrTTbAIrkrGa90V3bisYC/QGUomzbShSWZIMoUyFNz4Km5cKOLWl3Dn25hOK6joD4Gf75zDyfnDhDNtEPpw5uYXFpeWCyvF1bX1jU13a7uh41QRWicxj1UrxJpyJmndMMNpK1EUi5DTZji4mtSbQ6o0i+WtGSU0ELgnWcQINhZ13F1fs57AcAitERCVPZj5SsAkHHfcEiqfIu/iDFmOcuWm4h170JuREpip1nHf/W5MUkGlIRxr3fZQYoIMK8MIp+Oin2qaYDLAPdq2VmJBdZDlN4zhgSVdGMXKPmlgTr9PZFhoPRKh7RTY9PXv2gT+VWunJqoEGZNJaqgk00VRyqGJ4SQQ2GWKEsNH1mCimP0rJH2sMDE2tqIN4etS+L9pHJU9G93NSal6OYujAPbAPjgEHjgHVXANaqAOCLgDD+AJPDv3zqPz4rxOW+ec2cwO+CHn7RMjwpaN</latexit>

典型弱相互作⽤用 (“WIMP miracle”)：

vweak = 246GeV
<latexit sha1_base64="1e+uw8pJHJc6aRQFkCh7qzzs/ZM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBQsJuCGojBC20jGAekIRldnI3GTKzu8zMRsKSxsZfsbFQxNZ/sPNvnDwKTTxw4XDOvdx7jx9zprTjfFuZpeWV1bXsem5jc2t7x97dq6kokRSqNOKRbPhEAWchVDXTHBqxBCJ8DnW/fz326wOQikXhvR7G0BakG7KAUaKN5NmHAy9tSYEfgPRHl8XSWesUT4QbqI08O+8UnAnwInFnJI9mqHj2V6sT0URAqCknSjVdJ9btlEjNKIdRrpUoiAntky40DQ2JANVOJ1+M8LFROjiIpKlQ44n6eyIlQqmh8E2nILqn5r2x+J/XTHRw0U5ZGCcaQjpdFCQc6wiPI8EdJoFqPjSEUMnMrZj2iCRUm+ByJgR3/uVFUisWXKfg3pXy5atZHFl0gI7QCXLROSqjW1RBVUTRI3pGr+jNerJerHfrY9qasWYz++gPrM8fuISXaQ==</latexit><latexit sha1_base64="1e+uw8pJHJc6aRQFkCh7qzzs/ZM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBQsJuCGojBC20jGAekIRldnI3GTKzu8zMRsKSxsZfsbFQxNZ/sPNvnDwKTTxw4XDOvdx7jx9zprTjfFuZpeWV1bXsem5jc2t7x97dq6kokRSqNOKRbPhEAWchVDXTHBqxBCJ8DnW/fz326wOQikXhvR7G0BakG7KAUaKN5NmHAy9tSYEfgPRHl8XSWesUT4QbqI08O+8UnAnwInFnJI9mqHj2V6sT0URAqCknSjVdJ9btlEjNKIdRrpUoiAntky40DQ2JANVOJ1+M8LFROjiIpKlQ44n6eyIlQqmh8E2nILqn5r2x+J/XTHRw0U5ZGCcaQjpdFCQc6wiPI8EdJoFqPjSEUMnMrZj2iCRUm+ByJgR3/uVFUisWXKfg3pXy5atZHFl0gI7QCXLROSqjW1RBVUTRI3pGr+jNerJerHfrY9qasWYz++gPrM8fuISXaQ==</latexit><latexit sha1_base64="1e+uw8pJHJc6aRQFkCh7qzzs/ZM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBQsJuCGojBC20jGAekIRldnI3GTKzu8zMRsKSxsZfsbFQxNZ/sPNvnDwKTTxw4XDOvdx7jx9zprTjfFuZpeWV1bXsem5jc2t7x97dq6kokRSqNOKRbPhEAWchVDXTHBqxBCJ8DnW/fz326wOQikXhvR7G0BakG7KAUaKN5NmHAy9tSYEfgPRHl8XSWesUT4QbqI08O+8UnAnwInFnJI9mqHj2V6sT0URAqCknSjVdJ9btlEjNKIdRrpUoiAntky40DQ2JANVOJ1+M8LFROjiIpKlQ44n6eyIlQqmh8E2nILqn5r2x+J/XTHRw0U5ZGCcaQjpdFCQc6wiPI8EdJoFqPjSEUMnMrZj2iCRUm+ByJgR3/uVFUisWXKfg3pXy5atZHFl0gI7QCXLROSqjW1RBVUTRI3pGr+jNerJerHfrY9qasWYz++gPrM8fuISXaQ==</latexit><latexit sha1_base64="1e+uw8pJHJc6aRQFkCh7qzzs/ZM=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBQsJuCGojBC20jGAekIRldnI3GTKzu8zMRsKSxsZfsbFQxNZ/sPNvnDwKTTxw4XDOvdx7jx9zprTjfFuZpeWV1bXsem5jc2t7x97dq6kokRSqNOKRbPhEAWchVDXTHBqxBCJ8DnW/fz326wOQikXhvR7G0BakG7KAUaKN5NmHAy9tSYEfgPRHl8XSWesUT4QbqI08O+8UnAnwInFnJI9mqHj2V6sT0URAqCknSjVdJ9btlEjNKIdRrpUoiAntky40DQ2JANVOJ1+M8LFROjiIpKlQ44n6eyIlQqmh8E2nILqn5r2x+J/XTHRw0U5ZGCcaQjpdFCQc6wiPI8EdJoFqPjSEUMnMrZj2iCRUm+ByJgR3/uVFUisWXKfg3pXy5atZHFl0gI7QCXLROSqjW1RBVUTRI3pGr+jNerJerHfrY9qasWYz++gPrM8fuISXaQ==</latexit>

� ⇠ ↵2
weak

⇤2
weak

⇠ 0.1pb
<latexit sha1_base64="ljdl3oMEZDiRBYXRZuv8nYyYtYg="></latexit><latexit sha1_base64="ljdl3oMEZDiRBYXRZuv8nYyYtYg="></latexit><latexit sha1_base64="ljdl3oMEZDiRBYXRZuv8nYyYtYg="></latexit><latexit sha1_base64="ljdl3oMEZDiRBYXRZuv8nYyYtYg="></latexit>

寻找 WIMPs 暗物质“⻩黄⾦金金时代”：

随着实验技术发展，现在我们处于探测 WIMPs 暗物质“⻩黄⾦金金时代”， 
包括暗物质直接探测、间接探测、对撞机探测。



暗物质探测

暗物质探测⼀一般分为三类： 

1. 直接探测，暗物质和探测器器材料料
发⽣生弹性碰撞； 

2. 间接探测，在暗物质密度⾼高区域
暗物质发⽣生⾃自湮灭，探测湮灭产物；

3. 对撞机探测，在对撞机上产⽣生暗
物质，暗物质表现为“消失的能动
量量”，类似于中微⼦子。
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间接探测

对撞机探测

直
接
探
测



暗物质直接探测

暗物质和探测器器原⼦子（原⼦子核或
电⼦子）发⽣生弹性散射，原⼦子得到
额外动能，表现： 

发热、发光、电离
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 WIMP 暗物质

电⼦子

原⼦子核



暗物质直接探测
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• 寻找原⼦子核受到暗物质散射后的反冲：

Er =
|~q|2

2mN
=

µ2v2(1� cos ✓)

mN
. (1� 50)keV

<latexit sha1_base64="nGWmw5n9kl/lSShELPsphwgZXNM="></latexit><latexit sha1_base64="nGWmw5n9kl/lSShELPsphwgZXNM="></latexit><latexit sha1_base64="nGWmw5n9kl/lSShELPsphwgZXNM="></latexit><latexit sha1_base64="nGWmw5n9kl/lSShELPsphwgZXNM="></latexit>

• 事例例数： NTarget · n� · ��Nv · Time
<latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit><latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit><latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="s1iDF841zV8607jw1BxlXJ9tLLs=">AAACJHicbZBNSwMxEIZn/az1q3r1EhTBU9n1okdBEE+i0KrQLSWbTttgkl2S2UJZ9h958a94EVHEn2La7cGvgcCb580wmTfJlHQUhq/BwuLS8spqba2+vrG5td3Y2bh1aW4FtkWqUnufcIdKGmyTJIX3mUWuE4V3ycP51L8bo3UyNS2aZNjVfGjkQApOHvUaF1e9IraatbgdIpWx6KfEmPFQjGTJqnvs5FDzirGrko3nvOqUGste4yBshrNif0U0Fwcwr+te4znupyLXaEgo7lwnCjPqFtySFArLepw7zLh44EPseGm4RtctZvuW7NCTPhuk1h9DbEa/dxRcOzfRiX+pOY3cb28K//M6OQ1Ou4U0WU5oRDVokCtGKZuGx/rSoiA18YILK/1fmRhxywX5iOs+hOj3yn/F7XEzCpvRTQg12IN9OIIITuAMLuEa2iDgEZ7hDd6Dp+Al+KjiWgjmue3Cjwo+vwAJ8KeV</latexit><latexit sha1_base64="5LWDuUDi/QrP3IauptzTobifTcE=">AAACJHicbZBNSwMxEIZn/bZ+Va9egiJ4Krte9CgI4kkUrBW6pWTTaRtMsksyK5Rl/5EX/4oXEUX8KabdIlodCLx53gyTeZNMSUdh+BrMzS8sLi2vrNbW1jc2t+rb67cuza3ApkhVau8S7lBJg02SpPAus8h1orCV3J+N/dYDWidTc0OjDDuaD4zsS8HJo279/LJbxFazG24HSGUseikxZjwUQ1my6h47OdC8YuyyZA9TXnVKjWW3vh82wkmxbxHNin2Y1lW3/hz3UpFrNCQUd64dhRl1Cm5JCoVlLc4dZlzc8wG2vTRco+sUk31LduBJj/VT648hNqE/OwqunRvpxL/UnIZu1hvD/7x2Tv2TTiFNlhMaUQ3q54pRysbhsZ60KEiNvODCSv9XJobcckE+4poP4c/Kf8XtUSMKG9F1CCuwC3twCBEcwylcwBU0QcAjPMMbvAdPwUvwUcU1F0xz24FfFXx+AQtTp5Y=</latexit><latexit sha1_base64="cdR14kw8ChMTIpUhZXdlJvL8C4I=">AAACL3icbZDNSgMxFIUz9a/Wv6pLN8EiuCozbnQpCOKqKLQqdErJpLdtaJIZkjtCGeaN3PgqbkQUcetbmHaKaOuFwMl37yG5J0qksOj7r15paXllda28XtnY3Nreqe7u3do4NRxaPJaxuY+YBSk0tFCghPvEAFORhLtodDHp3z2AsSLWTRwn0FFsoEVfcIYOdauXjW4WGkWbzAwA85D3YqRUO8iHIqfFPbRioFjBaCOnDzNeOIWCvFut+XV/WvRHBPOiRmZ13a0+h72Ypwo0csmsbQd+gp2MGRRcQl4JUwsJ4yM2gLaTmimwnWy6b06PHOnRfmzc0Uin9LcjY8rasYrcpGI4tPO9Cfyv106xf9bJhE5SBM2Lh/qppBjTSXi0JwxwlGMnGDfC/ZXyITOMo4u44kJYWHlR3J7UA78e3Pi188YsjjI5IIfkmATklJyTK3JNWoSTR/JM3si79+S9eB/eZzFa8maeffKnvK9vS96pOA==</latexit><latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit><latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit><latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit><latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit><latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit><latexit sha1_base64="P2yhAGcXghqUe3WPkbmt0m+/sIo=">AAACL3icbZDNSgMxFIUz/lv/qi7dBIvgqsyIoMuCIK6KgtVCp5RMetsGk8yQ3CmUYd7Ija/SjYgibn0L004RtV4InHz3HpJ7okQKi77/4i0sLi2vrK6tlzY2t7Z3yrt7dzZODYcGj2VsmhGzIIWGBgqU0EwMMBVJuI8eLib9+yEYK2J9i6ME2or1tegJztChTvmy3slCo+gtM33APOTdGCnVDvKByGlxD63oK1YwWs/pcMYLp1CQd8oVv+pPi36L4K+okFldd8rjsBvzVIFGLpm1rcBPsJ0xg4JLyEthaiFh/IH1oeWkZgpsO5vum9MjR7q0Fxt3NNIp/enImLJ2pCI3qRgO7N/eBP7Xa6XYO29nQicpgubFQ71UUozpJDzaFQY4ypETjBvh/kr5gBnG0UVcciHMrTwv7k6qgV8Nbk4rtfosjjVyQA7JMQnIGamRK3JNGoSTRzImr+TNe/KevXfvoxhd8GaeffKrvM8vTR6pPA==</latexit>

(需要⾜足够⼤大的探测器器)

dR

dEr
=

1

mN

⇢0
m�

Z vesc

vmin

d�

dEr
vf�(~v, t)d

3v

f�(~v, t) velocity distribution

⇢0 ⇠ 0.3GeV/cm3 local DM density

vmin =
p

mNEr/(2µ2) minimal velocity to create recoil Er

• 能谱：  counts/kg/keV/date



暗物质直接探测

�46

1 10 100 1000 104
10!50
10!49
10!48
10!47
10!46
10!45
10!44
10!43
10!42
10!41
10!40
10!39

10!14
10!13
10!12
10!11
10!10
10!9
10!8
10!7
10!6
10!5
10!4
10!3

WIMP Mass !GeV"c2#

W
IM
P!
nu
cl
eo
n
cr
os
ss
ec
tio
n
!cm2 #

W
IM
P!
nu
cl
eo
n
cr
os
ss
ec
tio
n
!pb#

7Be
Neutrinos

  NEUTRINO C OHER ENT SCATTERING 
 

 
 

 

  
 

NEUTRINO COHERENT SCATTERING
(Green&ovals)&Asymmetric&DM&&
(Violet&oval)&Magne7c&DM&
(Blue&oval)&Extra&dimensions&&
(Red&circle)&SUSY&MSSM&
&&&&&MSSM:&Pure&Higgsino&&
&&&&&MSSM:&A&funnel&
&&&&&MSSM:&BinoEstop&coannihila7on&
&&&&&MSSM:&BinoEsquark&coannihila7on&
&

8B
Neutrinos

Atmospheric and DSNB Neutrinos

CDMS II Ge  (2009)

Xenon100 (2012)

CRESST

CoGeNT
(2012)

CDMS Si
(2013)

EDELWEISS (2011)

DAMA SIMPLE (2012)

ZEPLIN-III (2012)COUPP (2012)

SuperCDMS Soudan Low Threshold
SuperCDMS Soudan CDMS-lite

XENON 10 S2 (2013)
CDMS-II Ge Low Threshold (2011)

SuperCDMS Soudan

Xenon1T

LZ

LUX

DarkSide G2

DarkSide 50

DEAP3600

PICO250-CF3I

PICO
250-C3F8

SNOLAB

SuperCDMS



暗物质直接探测
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还没有发现暗物质！
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实验给出对暗物质 
和原⼦子核弹性散射 
截⾯面⼤大⼩小的限制。



暗物质间接探测
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探测暗物质在密度
⾼高区域⾃自湮灭产物；

1.  伽玛射线：从银⼼心、矮星
系…； 

2.  正反电⼦子、正反质⼦子等宇
宙射线 

3.  从星体来的中微⼦子，如太
阳、地球等。



例例如：从暗物质湮灭过程产⽣生的伽⻢马射线

实验：Fermi LAT, HESS, …

暗物质间接探测
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从星体中发现暗物质
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暗物质被太阳俘获积聚并⾃自湮灭

若俘获过程和⾃自湮灭达到平衡



暗物质对撞机探测

• 在对撞机上产⽣生暗物质，寻找消失的能动量量。
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（1）简单情况：monojet/mono-photon + missing ET

PRODUCTION OF DARK MATTER AT CMS

• Search%for%evidence%of%pair[produc=on%of%Dark%MaAer%par=cles%(χ)

• Dark%MaAer%produc=on%gives%missing%transverse%energy%(MET)

• Photons%(or%jets%from%a%gluon)%can%be%radiated%from%quarks,%giving%monophoton%
(or%monojet)%plus%MET
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q̄

�
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Figure 1: Dark matter production in association with a single jet in a hadron collider.

3.1. Comparing Various Mono-Jet Analyses

Dark matter pair production through a diagram like figure 1 is one of the leading channels
for dark matter searches at hadron colliders [3, 4]. The signal would manifest itself as an excess
of jets plus missing energy (j + /ET ) events over the Standard Model background, which consists
mainly of (Z � ⇥⇥)+ j and (W � ⌅inv⇥)+ j final states. In the latter case the charged lepton ⌅ is
lost, as indicated by the superscript “inv”. Experimental studies of j + /ET final states have been
performed by CDF [22], CMS [23] and ATLAS [24, 25], mostly in the context of Extra Dimensions.

Our analysis will, for the most part, be based on the ATLAS search [25] which looked for mono-
jets in 1 fb�1 of data, although we will also compare to the earlier CMS analysis [23], which used
36 pb�1 of integrated luminosity. The ATLAS search contains three separate analyses based on
successively harder pT cuts, the major selection criteria from each analysis that we apply in our
analysis are given below.3

LowPT Selection requires /ET > 120 GeV, one jet with pT (j1) > 120 GeV, |�(j1)| < 2, and events
are vetoed if they contain a second jet with pT (j2) > 30 GeV and |�(j2)| < 4.5.

HighPT Selection requires /ET > 220 GeV, one jet with pT (j1) > 250 GeV, |�(j1)| < 2, and events
are vetoed if there is a second jet with |�(j2)| < 4.5 and with either pT (j2) > 60 GeV or
�⇤(j2, /ET ) < 0.5. Any further jets with |�(j2)| < 4.5 must have pT (j3) < 30 GeV.

veryHighPT Selection requires /ET > 300 GeV, one jet with pT (j1) > 350 GeV, |�(j1)| < 2, and
events are vetoed if there is a second jet with |�(j2)| < 4.5 and with either pT (j2) > 60 GeV
or �⇤(j2, /ET ) < 0.5. Any further jets with |�(j2)| < 4.5 must have pT (j3) < 30 GeV.

In all cases events are vetoed if they contain any hard leptons, defined for electrons as |�(e)| < 2.47
and pT (e) > 20 GeV and for muons as |�(µ)| < 2.4 and pT (µ) > 10 GeV.

The cuts used by CMS are similar to those of the LowPT ATLAS analysis. Mono-jet events
are selected by requiring /ET > 150 GeV and one jet with pT (j1) > 110 GeV and pseudo-rapidity
|�(j1)| < 2.4. A second jet with pT (j2) > 30 GeV is allowed if the azimuthal angle it forms with
the leading jet is �⇤(j1, j2) < 2.0 radians. Events with more than two jets with pT > 30 GeV are
vetoed, as are events containing charged leptons with pT > 10 GeV. The number of expected and
observed events in the various searches is shown in table I.

3 Both ATLAS and CMS impose additional isolation cuts, which we do not mimic in our analysis for simplicity and
since they would not have a large impact on our results.
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Our analysis will, for the most part, be based on the ATLAS search [25] which looked for mono-
jets in 1 fb�1 of data, although we will also compare to the earlier CMS analysis [23], which used
36 pb�1 of integrated luminosity. The ATLAS search contains three separate analyses based on
successively harder pT cuts, the major selection criteria from each analysis that we apply in our
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are vetoed if there is a second jet with |�(j2)| < 4.5 and with either pT (j2) > 60 GeV or
�⇤(j2, /ET ) < 0.5. Any further jets with |�(j2)| < 4.5 must have pT (j3) < 30 GeV.
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events are vetoed if there is a second jet with |�(j2)| < 4.5 and with either pT (j2) > 60 GeV
or �⇤(j2, /ET ) < 0.5. Any further jets with |�(j2)| < 4.5 must have pT (j3) < 30 GeV.

In all cases events are vetoed if they contain any hard leptons, defined for electrons as |�(e)| < 2.47
and pT (e) > 20 GeV and for muons as |�(µ)| < 2.4 and pT (µ) > 10 GeV.

The cuts used by CMS are similar to those of the LowPT ATLAS analysis. Mono-jet events
are selected by requiring /ET > 150 GeV and one jet with pT (j1) > 110 GeV and pseudo-rapidity
|�(j1)| < 2.4. A second jet with pT (j2) > 30 GeV is allowed if the azimuthal angle it forms with
the leading jet is �⇤(j1, j2) < 2.0 radians. Events with more than two jets with pT > 30 GeV are
vetoed, as are events containing charged leptons with pT > 10 GeV. The number of expected and
observed events in the various searches is shown in table I.

3 Both ATLAS and CMS impose additional isolation cuts, which we do not mimic in our analysis for simplicity and
since they would not have a large impact on our results.

Direct Detection (t-channel) Collider Searches (s-channel)

Monophoton + MET Monojet + MET

（2）multi-jets/leptons + missing ET： 
       如在超对称粒⼦子寻找中。



暗物质模型
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暗物质模型

•  超出标准模型理理论中⾃自冾包括了了暗物质候选者，如超对称理理论等； 

•  具有其他产⽣生机制的暗物质模型 (freeze in, non-thermal…)； 

•  跟中微⼦子物理理相关的暗物质模型 (sterile neutrino, “scotogenic” 
neutrino mass, …)； 

•  跟重⼦子起源相结合的暗物质模型 (Asymmetric DM, … )； 

•  跟强作⽤用 CP 破缺相结合的暗物质 （axion）； 

•  由暗物质唯象学启发的暗物质模型 (inelastic DM, isospin-violating DM, 
resonant DM, …)； 

•  考虑特别媒介粒⼦子的简化暗物质模型 (Higgs portal, U(1)’ portal, 
neutrino portal ,…)； 

•  特殊相互作⽤用形式的暗物质 (form factor, momentum dependent, …)； 

• …
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暗物质模型
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最简单情况：

标准模型 + （具有 Z2=-1 对称性的）实标量量粒⼦子 D
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暗物质模型

• 加⼊入两个弱 SU(2) ⼆二重态 Higgs: H1, H2 

• 其中 H2 具有 Z2=-1 对称性； 

• H1 得到真空期待值，H2 真空期待值为零； 

• 最性的 inert 中性粒⼦子为暗物质； 

• 有相对更更丰富的唯象学。
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Inert Doublet Higgs Model：



超对称理理论 Supersymmetry
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受到最多关注的暗物质候选粒⼦子来⾃自于超对称理理论的中性规范伴随
粒⼦子： neutralino

在 Poincare 群对称性的基础上加⼊入额外⼀一个对称性操作，该操作将粒
⼦子的⾃自旋改变。

玻⾊色⼦子 费⽶米⼦子
 Q



超对称理理论 Supersymmetry
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受到最多关注的暗物质候选粒⼦子来⾃自于超对称理理论的中性规范伴随
粒⼦子： neutralino

在 Poincare 群对称性的基础上加⼊入额外⼀一个对称性操作，该操作将粒
⼦子的⾃自旋改变。

玻⾊色⼦子 费⽶米⼦子
 Q



超对称理理论

• 标量量粒⼦子（Higgs 粒⼦子）质量量量量⼦子修正导致的所谓
“等级”问题（hierarchy problem）
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暗物质

• R-parity
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最⼩小的超对称 (Lightest supersymmetric particle, LSP) 是合适的
暗物质获选者。



⼤大统⼀一理理论 Grand Unified Theory（GUT）
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<latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit><latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit><latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="SEfEHXIat6nkFrpU696zKVEq9HY=">AAAB33icbZBLSwMxFIXv1FetVatbN8EiuCozbnQpuHFZ0T6gHUomzbShSWZIboQy9Ce4caGI/8qd/8b0sdDWA4GPcxJy70lyKSyG4XdQ2tre2d0r71cOqodHx7WTattmzjDeYpnMTDehlkuheQsFSt7NDacqkbyTTO7meeeZGysy/YTTnMeKjrRIBaPorce+coNaPWyEC5FNiFZQh5Wag9pXf5gxp7hGJqm1vSjMMS6oQcEkn1X6zvKcsgkd8Z5HTRW3cbEYdUYuvDMkaWb80UgW7u8XBVXWTlXibyqKY7uezc3/sp7D9CYuhM4dcs2WH6VOEszIfG8yFIYzlFMPlBnhZyVsTA1l6Nup+BKi9ZU3oX3ViMJG9BBCGc7gHC4hgmu4hXtoQgsYjOAF3uA9kMFr8LGsqxSsejuFPwo+fwA/toyB</latexit><latexit sha1_base64="pyYl8dWeTRqitxIRcspkp/9sjK4=">AAAB33icdZDNSgMxFIXv1L9aq1a3boJFcFWSLrTdCW5cVrQ/0A4lk6ZtaJIZkoxQhj6CGxeK+FbufBszbQUVPRD4OCch954okcI6jD+Cwsbm1vZOcbe0V94/OKwclTs2Tg3jbRbL2PQiarkUmredcJL3EsOpiiTvRrPrPO8+cGNFrO/dPOGhohMtxoJR5627gUqHlSquYYwJISgHcnmBPTSbjTppIJJHXlVYqzWsvA9GMUsV145Jam2f4MSFGTVOMMkXpUFqeULZjE5436OmitswW466QGfeGaFxbPzRDi3d7y8yqqydq8jfVNRN7e8sN//K+qkbN8JM6CR1XLPVR+NUIhejfG80EoYzJ+ceKDPCz4rYlBrKnG+n5Ev42hT9D516jeAaucVQhBM4hXMgcAlXcAMtaAODCTzCM7wEMngKXld1FYJ1b8fwQ8HbJ4pajLc=</latexit><latexit sha1_base64="9qHTl8vtN6B1thf+oh9jCO1kwPw=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0l6sO2t6MVjRfsB7VKyadqGJrtLkhXK0p/gxYMiXv1F3vw3ZtsKKvpg4PHeDDPzglgKYzH+8HJr6xubW/ntws7u3v5B8fCobaJEM95ikYx0N6CGSxHylhVW8m6sOVWB5J1gepX5nXuujYjCOzuLua/oOBQjwah10m1fJYNiCZcxxoQQlBFSvcCO1Ou1CqkhklkOJVihOSi+94cRSxQPLZPUmB7BsfVTqq1gks8L/cTwmLIpHfOeoyFV3Pjp4tQ5OnPKEI0i7Sq0aKF+n0ipMmamAtepqJ2Y314m/uX1Ejuq+akI48TykC0XjRKJbISyv9FQaM6snDlCmRbuVsQmVFNmXToFF8LXp+h/0q6UCS6TG1xqXK7iyMMJnMI5EKhCA66hCS1gMIYHeIJnT3qP3ov3umzNeauZY/gB7+0TqRSOCA==</latexit><latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit><latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit><latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit><latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit><latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit><latexit sha1_base64="lBEEG7NCtGS1ObQqeGkv/8vSbkQ=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU0mK2PZW9OKxorWFdinZNNuGZrNLkhVK6U/w4kERr/4ib/4bs20FFX0w8Hhvhpl5QSKFsRh/eLmV1bX1jfxmYWt7Z3evuH9wZ+JUM95isYx1J6CGS6F4yworeSfRnEaB5O1gfJn57XuujYjVrZ0k3I/oUIlQMGqddNOL0n6xhMsYY0IIygipnmNH6vVahdQQySyHEizR7Bffe4OYpRFXlklqTJfgxPpTqq1gks8KvdTwhLIxHfKuo4pG3PjT+akzdOKUAQpj7UpZNFe/T0xpZMwkClxnRO3I/PYy8S+vm9qw5k+FSlLLFVssClOJbIyyv9FAaM6snDhCmRbuVsRGVFNmXToFF8LXp+h/clcpE1wm12elxsUyjjwcwTGcAoEqNOAKmtACBkN4gCd49qT36L14r4vWnLecOYQf8N4+AapUjgw=</latexit>

SU(3)
<latexit sha1_base64="YHG9HwvRFzXrb6hr1UqOBqX1yCo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVbyH/zKxVm3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaZxXPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/jZGN2A==</latexit><latexit sha1_base64="YHG9HwvRFzXrb6hr1UqOBqX1yCo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVbyH/zKxVm3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaZxXPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/jZGN2A==</latexit><latexit sha1_base64="YHG9HwvRFzXrb6hr1UqOBqX1yCo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVbyH/zKxVm3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaZxXPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/jZGN2A==</latexit><latexit sha1_base64="YHG9HwvRFzXrb6hr1UqOBqX1yCo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVbyH/zKxVm3VHar7gxkmXg5KUOOerf01eklLItRGiao1m3PTU0wpspwJnBS7GQaU8qGtI9tSyWNUQfj2bETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoOhhzmWYGJZsvijJBTEKmn5MeV8iMGFlCmeL2VsIGVFFmbD5FG4K3+PIyaZxXPbfq3V+Wazd5HAU4hhOogAdXUIM7qIMPDDg8wyu8OdJ5cd6dj3nripPPHMEfOJ8/jZGN2A==</latexit>

SU(2)
<latexit sha1_base64="2hs4Q3Rak9PoKfPNU7iAZvUgbjo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvXisaGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoajm5n/+IRK80Q+mHGKQUwHkkecUWMl/96v1s975Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxEV8GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad3dRaVzncRThBE6hCh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AIwMjdc=</latexit><latexit sha1_base64="2hs4Q3Rak9PoKfPNU7iAZvUgbjo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvXisaGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoajm5n/+IRK80Q+mHGKQUwHkkecUWMl/96v1s975Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxEV8GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad3dRaVzncRThBE6hCh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AIwMjdc=</latexit><latexit sha1_base64="2hs4Q3Rak9PoKfPNU7iAZvUgbjo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvXisaGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoajm5n/+IRK80Q+mHGKQUwHkkecUWMl/96v1s975Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxEV8GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad3dRaVzncRThBE6hCh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AIwMjdc=</latexit><latexit sha1_base64="2hs4Q3Rak9PoKfPNU7iAZvUgbjo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvXisaGqhDWWznbRLN5uwuxFK6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoajm5n/+IRK80Q+mHGKQUwHkkecUWMl/96v1s975Ypbc+cgq8TLSQVyNHvlr24/YVmM0jBBte54bmqCCVWGM4HTUjfTmFI2ogPsWCppjDqYzI+dkjOr9EmUKFvSkLn6e2JCY63HcWg7Y2qGetmbif95ncxEV8GEyzQzKNliUZQJYhIy+5z0uUJmxNgSyhS3txI2pIoyY/Mp2RC85ZdXSate89yad3dRaVzncRThBE6hCh5cQgNuoQk+MODwDK/w5kjnxXl3PhatBSefOYY/cD5/AIwMjdc=</latexit>

U(1)
<latexit sha1_base64="Sd96ykas6AYdr05jd7t++Y9J8Lk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxyya97l8NqzW24C6B14hWkBgXaw+rXYBSTVFBpCMda9z03MUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K2+vE46Vw3PbXgPzVrrtoijDGdwDnXw4BpacA9t8IHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/mdo15</latexit><latexit sha1_base64="Sd96ykas6AYdr05jd7t++Y9J8Lk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxyya97l8NqzW24C6B14hWkBgXaw+rXYBSTVFBpCMda9z03MUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K2+vE46Vw3PbXgPzVrrtoijDGdwDnXw4BpacA9t8IHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/mdo15</latexit><latexit sha1_base64="Sd96ykas6AYdr05jd7t++Y9J8Lk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxyya97l8NqzW24C6B14hWkBgXaw+rXYBSTVFBpCMda9z03MUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K2+vE46Vw3PbXgPzVrrtoijDGdwDnXw4BpacA9t8IHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/mdo15</latexit><latexit sha1_base64="Sd96ykas6AYdr05jd7t++Y9J8Lk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYNpCG8pmu2mX7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtHHdb6e0sbm1vVPereztHxweVY9POjpOFaE+iXmseiHWlDNJfcMMp71EUSxCTrvh9C73u09UaRbLRzNLaCDwWLKIEWxyya97l8NqzW24C6B14hWkBgXaw+rXYBSTVFBpCMda9z03MUGGlWGE03llkGqaYDLFY9q3VGJBdZAtbp2jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8z+unJroJMiaT1FBJlouilCMTo/xxNGKKEsNnlmCimL0VkQlWmBgbT8WG4K2+vE46Vw3PbXgPzVrrtoijDGdwDnXw4BpacA9t8IHABJ7hFd4c4bw4787HsrXkFDOn8AfO5w/mdo15</latexit>

GGUT
<latexit sha1_base64="05lyjALmVo0Lr2x2ORaxyhLZ85Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRQz1WaNpCGspmu2mX7m7C7kYooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0sbm1vVPereztHxweVY9POjrJFKE+SXiiehHWlDNJfcMMp71UUSwiTrvR5H7ud5+o0iyRbTNNaSjwSLKYEWysFDQHeV8J1PTbs0G15tbdBdA68QpSgwKtQfWrP0xIJqg0hGOtA89NTZhjZRjhdFbpZ5qmmEzwiAaWSiyoDvPFyTN0YZUhihNlSxq0UH9P5FhoPRWR7RTYjPWqNxf/84LMxLdhzmSaGSrJclGccWQSNP8fDZmixPCpJZgoZm9FZIwVJsamVLEheKsvr5POVd1z697jda1xV8RRhjM4h0vw4AYa8AAt8IFAAs/wCm+OcV6cd+dj2VpyiplT+APn8weiwZDR</latexit><latexit sha1_base64="05lyjALmVo0Lr2x2ORaxyhLZ85Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRQz1WaNpCGspmu2mX7m7C7kYooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0sbm1vVPereztHxweVY9POjrJFKE+SXiiehHWlDNJfcMMp71UUSwiTrvR5H7ud5+o0iyRbTNNaSjwSLKYEWysFDQHeV8J1PTbs0G15tbdBdA68QpSgwKtQfWrP0xIJqg0hGOtA89NTZhjZRjhdFbpZ5qmmEzwiAaWSiyoDvPFyTN0YZUhihNlSxq0UH9P5FhoPRWR7RTYjPWqNxf/84LMxLdhzmSaGSrJclGccWQSNP8fDZmixPCpJZgoZm9FZIwVJsamVLEheKsvr5POVd1z697jda1xV8RRhjM4h0vw4AYa8AAt8IFAAs/wCm+OcV6cd+dj2VpyiplT+APn8weiwZDR</latexit><latexit sha1_base64="05lyjALmVo0Lr2x2ORaxyhLZ85Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRQz1WaNpCGspmu2mX7m7C7kYooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0sbm1vVPereztHxweVY9POjrJFKE+SXiiehHWlDNJfcMMp71UUSwiTrvR5H7ud5+o0iyRbTNNaSjwSLKYEWysFDQHeV8J1PTbs0G15tbdBdA68QpSgwKtQfWrP0xIJqg0hGOtA89NTZhjZRjhdFbpZ5qmmEzwiAaWSiyoDvPFyTN0YZUhihNlSxq0UH9P5FhoPRWR7RTYjPWqNxf/84LMxLdhzmSaGSrJclGccWQSNP8fDZmixPCpJZgoZm9FZIwVJsamVLEheKsvr5POVd1z697jda1xV8RRhjM4h0vw4AYa8AAt8IFAAs/wCm+OcV6cd+dj2VpyiplT+APn8weiwZDR</latexit><latexit sha1_base64="05lyjALmVo0Lr2x2ORaxyhLZ85Y=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRQz1WaNpCGspmu2mX7m7C7kYooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0sbm1vVPereztHxweVY9POjrJFKE+SXiiehHWlDNJfcMMp71UUSwiTrvR5H7ud5+o0iyRbTNNaSjwSLKYEWysFDQHeV8J1PTbs0G15tbdBdA68QpSgwKtQfWrP0xIJqg0hGOtA89NTZhjZRjhdFbpZ5qmmEzwiAaWSiyoDvPFyTN0YZUhihNlSxq0UH9P5FhoPRWR7RTYjPWqNxf/84LMxLdhzmSaGSrJclGccWQSNP8fDZmixPCpJZgoZm9FZIwVJsamVLEheKsvr5POVd1z697jda1xV8RRhjM4h0vw4AYa8AAt8IFAAs/wCm+OcV6cd+dj2VpyiplT+APn8weiwZDR</latexit>

电

磁
}

<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

电磁相互作⽤用

量量⼦子⼒力力学

狭义相对论
}

<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

量量⼦子电动⼒力力学 弱作⽤用}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

弱电统⼀一理理论量量⼦子⾊色动⼒力力学}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

⼤大统⼀一理理论 (GUT)+ SUSY引⼒力力 }
<latexit sha1_base64="akE2rNpsDCXNVcKBMZafrcyETgY=">AAAB6XicdVDLSgNBEOz1GeMr6tHLYBA8LbMh0eQW9OIxinlAsoTZyWwyZHZ2mZkVwpI/8OJBEa/+kTf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvpr57XumNI/lnZkkzI/IUPKQU2KsdNub9gtF7OJStVIuIeyWKrjm1SypYK92Xkaei+cowhKNfuG9N4hpGjFpqCBadz2cGD8jynAq2DTfSzVLCB2TIetaKknEtJ/NL52iU6sMUBgrW9Kgufp9IiOR1pMosJ0RMSP925uJf3nd1IRVP+MySQ2TdLEoTAUyMZq9jQZcMWrExBJCFbe3IjoiilBjw8nbEL4+Rf+TVsn1sOvdlIv1y2UcOTiGEzgDDy6gDtfQgCZQCOEBnuDZGTuPzovzumhdcZYzR/ADztsnBoqNrw==</latexit><latexit sha1_base64="akE2rNpsDCXNVcKBMZafrcyETgY=">AAAB6XicdVDLSgNBEOz1GeMr6tHLYBA8LbMh0eQW9OIxinlAsoTZyWwyZHZ2mZkVwpI/8OJBEa/+kTf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvpr57XumNI/lnZkkzI/IUPKQU2KsdNub9gtF7OJStVIuIeyWKrjm1SypYK92Xkaei+cowhKNfuG9N4hpGjFpqCBadz2cGD8jynAq2DTfSzVLCB2TIetaKknEtJ/NL52iU6sMUBgrW9Kgufp9IiOR1pMosJ0RMSP925uJf3nd1IRVP+MySQ2TdLEoTAUyMZq9jQZcMWrExBJCFbe3IjoiilBjw8nbEL4+Rf+TVsn1sOvdlIv1y2UcOTiGEzgDDy6gDtfQgCZQCOEBnuDZGTuPzovzumhdcZYzR/ADztsnBoqNrw==</latexit><latexit sha1_base64="akE2rNpsDCXNVcKBMZafrcyETgY=">AAAB6XicdVDLSgNBEOz1GeMr6tHLYBA8LbMh0eQW9OIxinlAsoTZyWwyZHZ2mZkVwpI/8OJBEa/+kTf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvpr57XumNI/lnZkkzI/IUPKQU2KsdNub9gtF7OJStVIuIeyWKrjm1SypYK92Xkaei+cowhKNfuG9N4hpGjFpqCBadz2cGD8jynAq2DTfSzVLCB2TIetaKknEtJ/NL52iU6sMUBgrW9Kgufp9IiOR1pMosJ0RMSP925uJf3nd1IRVP+MySQ2TdLEoTAUyMZq9jQZcMWrExBJCFbe3IjoiilBjw8nbEL4+Rf+TVsn1sOvdlIv1y2UcOTiGEzgDDy6gDtfQgCZQCOEBnuDZGTuPzovzumhdcZYzR/ADztsnBoqNrw==</latexit><latexit sha1_base64="akE2rNpsDCXNVcKBMZafrcyETgY=">AAAB6XicdVDLSgNBEOz1GeMr6tHLYBA8LbMh0eQW9OIxinlAsoTZyWwyZHZ2mZkVwpI/8OJBEa/+kTf/xslDUNGChqKqm+6uIBFcG4w/nJXVtfWNzdxWfntnd2+/cHDY0nGqKGvSWMSqExDNBJesabgRrJMoRqJAsHYwvpr57XumNI/lnZkkzI/IUPKQU2KsdNub9gtF7OJStVIuIeyWKrjm1SypYK92Xkaei+cowhKNfuG9N4hpGjFpqCBadz2cGD8jynAq2DTfSzVLCB2TIetaKknEtJ/NL52iU6sMUBgrW9Kgufp9IiOR1pMosJ0RMSP925uJf3nd1IRVP+MySQ2TdLEoTAUyMZq9jQZcMWrExBJCFbe3IjoiilBjw8nbEL4+Rf+TVsn1sOvdlIv1y2UcOTiGEzgDDy6gDtfQgCZQCOEBnuDZGTuPzovzumhdcZYzR/ADztsnBoqNrw==</latexit>

超弦理理论？
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SU(5) GUT：

SU(5) 有 (52-1=24) 个⽣生成元，有24个规范玻⾊色⼦子，可以包含8个胶⼦子，

3个弱规范玻⾊色⼦子和1个光⼦子。还有额外12个规范玻⾊色⼦子，传递夸克和轻
⼦子之间的相互作⽤用，称为 Leptoquark。

SU(5) � SU(3)⌦ SU(2)⌦ U(1)
<latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit><latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit><latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jBiqxNVlzENJvRmz+3KtMZJbpTU=">AAACC3icbVBNSwJBGH63TzMr69plSAI9JLtG1DHo0tGoVcFdZHYcdXD2g5l3A1n8FV36K106FNG9W/+mWfVQ2gMDz8cM77xPkEih0ba/rbX1jc2t7cJOcbe0t39QPiy1dJwqxl0Wy1h1Aqq5FBF3UaDknURxGgaSt4PxTZ63H7nSIo4ecJJwP6TDSAwEo2isXvns3q1e1Iin00RzJEad17wYRch1LhomWii36tR65Ypdt2cgq8RZkAos0OyVv7x+zNKQR8gk1brr2An6GVUomOTTopdqnlA2pkPeNTSiZpKfzdaaklPj9MkgVuZESGbu7xcZDbWehIG5GVIc6eUsN//LuikOrvxMREmKPGLzQYNUEoxJ3hHpC8UZyokhlClh/krYiCrK0DRZNCU4yyuvklaj7th1586GAhzDCVTBgUu4hltoggsMnuAF3uDderZerY95XWvWorcj+APr8weD25rC</latexit><latexit sha1_base64="M5l7zJzR6rcIM3TRQhzp1ZSxHhI=">AAACC3icdVDLSgMxFL1TX7W+RrdugiK0C0tS0dad4MZlRUeFtpRMmmpo5kFyRyjFr3Djr7hxoYh7d/6NmbaCih4InEfCzT1hqpVFSj+8wszs3PxCcbG0tLyyuuavL1/YJDNCBiLRibkKuZVaxTJAhVpepUbyKNTyMhwc5/nlrTRWJfE5DlPZifh1rPpKcHRW1989C8r7FdK2WWolEqf2Ku0EVSRtLmoumqqgzCpdf5tWKaWMMZITVj+gjhweNmqsQVgeOWzDFM2u/97uJSKLZIxCc2tbjKbYGXGDSmh5V2pnVqZcDPi1bDkaczepMxqvdUd2nNMj/cS4EyMZu99fjHhk7TAK3c2I4439neXmX1krw36jM1JxmqGMxWRQP9MEE5J3RHrKSIF66AgXRrm/EnHDDRfomiy5Er42Jf+Ti1qV0So7pVCETdiCMjCowxGcQBMCEHAPj/AML96D9+S9TuoqeNPeNuAHvLdPzn+a+A==</latexit><latexit sha1_base64="DqXf4Wczxk61OQg1F6IZY9P5WSU="></latexit><latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit><latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit><latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit><latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit><latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit><latexit sha1_base64="p8OgRG8rM/zqdobv5WKt4+VFhmw="></latexit>

费⽶米⼦子：

10 = (uc
1, u

c
2, u

c
3, u1, u2, u3, d1, d2, d3, e

c)L
<latexit sha1_base64="Ck4w/s5Abpvahn06y4Thqg6aDEk="></latexit><latexit sha1_base64="Ck4w/s5Abpvahn06y4Thqg6aDEk="></latexit><latexit sha1_base64="Ck4w/s5Abpvahn06y4Thqg6aDEk="></latexit><latexit sha1_base64="Ck4w/s5Abpvahn06y4Thqg6aDEk="></latexit>

5⇤ = (dc1, d
c
2, d

c
3, e

c, ⌫e)L
<latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ctWvy+fyuQX1L8cxhitTUM+nGz0=">AAACBnicbVDLSgMxFL1T3/U1unUTLEIVKTMV0Y0guHHhooJthXYcMplbDc1khiQjlOIvuPFX3LhQxE9w59+YabvQ6oEkJ+fkcnNPlAmujed9OaWZ2bn5hcWl8vLK6tq6u7HS0mmuGDZZKlJ1HVGNgktsGm4EXmcKaRIJbEf9s8Jv36PSPJVXZpBhkNBbyXucUWOl0K0e3uyRE1KNQ/+G7ZM4rNsjDg+KCxZbV+Yh7oYXoVvxat4I5C/xJ6QCEzRC97MbpyxPUBomqNYd38tMMKTKcCbwodzNNWaU9ektdiyVNEEdDEcTPZAdq8Sklyq7pCEj9WfFkCZaD5LIvkyoudPTXiH+53Vy0zsOhlxmuUHJxo16uSAmJUU8JOYKmREDSyhT3P6VsDuqKDM2xLINwZ8e+S9p1Wu+V/MvPViELdiGKvhwBKdwDg1oAoNHeIZXeHOenBfnfRxXyZnktgm/4Hx8AxHwmFA=</latexit><latexit sha1_base64="9ZQ+FVFsU3AouodgOaN3b16wNTs=">AAACBnicdVDLSgMxFL3js9ZXdesmKEIVKUlFrQtBcOPCRQWrQluHTOZWg5nMkGSEUvwFN/6KGxeK+Anu/BszPkBFDyQ5OSeXm3uiTEnrKH0NhoZHRsfGSxPlyanpmdnK3NSxTXMjsCVSlZrTiFtUUmPLSafwNDPIk0jhSXS5V/gnV2isTPWR62fYTfi5lj0puPNSWKlunK2SHVKNQ3Ym1kgc1v0Rh+vFBYuto/MQV8KDsLJEa5RSxhgpCNvapJ5sbzfqrEFYYXkswSeaYeWlE6ciT1A7obi1bUYz1x1w46RQeF3u5BYzLi75ObY91TxB2x28T3RNlr0Sk15q/NKOvKvfKwY8sbafRP5lwt2F/e0V4l9eO3e9RncgdZY71OKjUS9XxKWkiIfE0qBwqu8JF0b6vxJxwQ0XzodY9iF8TUr+J8f1GqM1dkihBAuwCFVgsAW7sA9NaIGAG7iDB3gMboP74OkjrqHgM7d5+IHg+Q1clJiG</latexit><latexit sha1_base64="n7DVdzNljPjos+YOJBfkybDpMHQ="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ctWvy+fyuQX1L8cxhitTUM+nGz0=">AAACBnicbVDLSgMxFL1T3/U1unUTLEIVKTMV0Y0guHHhooJthXYcMplbDc1khiQjlOIvuPFX3LhQxE9w59+YabvQ6oEkJ+fkcnNPlAmujed9OaWZ2bn5hcWl8vLK6tq6u7HS0mmuGDZZKlJ1HVGNgktsGm4EXmcKaRIJbEf9s8Jv36PSPJVXZpBhkNBbyXucUWOl0K0e3uyRE1KNQ/+G7ZM4rNsjDg+KCxZbV+Yh7oYXoVvxat4I5C/xJ6QCEzRC97MbpyxPUBomqNYd38tMMKTKcCbwodzNNWaU9ektdiyVNEEdDEcTPZAdq8Sklyq7pCEj9WfFkCZaD5LIvkyoudPTXiH+53Vy0zsOhlxmuUHJxo16uSAmJUU8JOYKmREDSyhT3P6VsDuqKDM2xLINwZ8e+S9p1Wu+V/MvPViELdiGKvhwBKdwDg1oAoNHeIZXeHOenBfnfRxXyZnktgm/4Hx8AxHwmFA=</latexit><latexit sha1_base64="9ZQ+FVFsU3AouodgOaN3b16wNTs=">AAACBnicdVDLSgMxFL3js9ZXdesmKEIVKUlFrQtBcOPCRQWrQluHTOZWg5nMkGSEUvwFN/6KGxeK+Anu/BszPkBFDyQ5OSeXm3uiTEnrKH0NhoZHRsfGSxPlyanpmdnK3NSxTXMjsCVSlZrTiFtUUmPLSafwNDPIk0jhSXS5V/gnV2isTPWR62fYTfi5lj0puPNSWKlunK2SHVKNQ3Ym1kgc1v0Rh+vFBYuto/MQV8KDsLJEa5RSxhgpCNvapJ5sbzfqrEFYYXkswSeaYeWlE6ciT1A7obi1bUYz1x1w46RQeF3u5BYzLi75ObY91TxB2x28T3RNlr0Sk15q/NKOvKvfKwY8sbafRP5lwt2F/e0V4l9eO3e9RncgdZY71OKjUS9XxKWkiIfE0qBwqu8JF0b6vxJxwQ0XzodY9iF8TUr+J8f1GqM1dkihBAuwCFVgsAW7sA9NaIGAG7iDB3gMboP74OkjrqHgM7d5+IHg+Q1clJiG</latexit><latexit sha1_base64="n7DVdzNljPjos+YOJBfkybDpMHQ="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit><latexit sha1_base64="sCh5d7UGkdXv1wB/wLBL5EyKAvc="></latexit>

质⼦子衰变 p ! e+⇡0
<latexit sha1_base64="Jna5gI2F8nB8ruquTDKSGuPf6Bk=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi8cK9gPatGy2k3bpZhN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPR7dRvPqLSPJYPZpygH9GB5CFn1Fipm3RMTLB7TjoJ77q9UtmtuDOQZeLlpAw5ar3SV6cfszRCaZigWrc9NzF+RpXhTOCk2Ek1JpSN6ADblkoaofaz2dUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XTk147WdcJqlByeaLwlQQ++o0AtLnCpkRY0soU9zeStiQKsqMDapoQ/AWX14mjYuK51a8+8ty9SaPowDHcAJn4MEVVOEOalAHBgqe4RXenCfnxXl3PuatK04+cwR/4Hz+ADNOkaY=</latexit><latexit sha1_base64="Jna5gI2F8nB8ruquTDKSGuPf6Bk=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi8cK9gPatGy2k3bpZhN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPR7dRvPqLSPJYPZpygH9GB5CFn1Fipm3RMTLB7TjoJ77q9UtmtuDOQZeLlpAw5ar3SV6cfszRCaZigWrc9NzF+RpXhTOCk2Ek1JpSN6ADblkoaofaz2dUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XTk147WdcJqlByeaLwlQQ++o0AtLnCpkRY0soU9zeStiQKsqMDapoQ/AWX14mjYuK51a8+8ty9SaPowDHcAJn4MEVVOEOalAHBgqe4RXenCfnxXl3PuatK04+cwR/4Hz+ADNOkaY=</latexit><latexit sha1_base64="Jna5gI2F8nB8ruquTDKSGuPf6Bk=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi8cK9gPatGy2k3bpZhN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPR7dRvPqLSPJYPZpygH9GB5CFn1Fipm3RMTLB7TjoJ77q9UtmtuDOQZeLlpAw5ar3SV6cfszRCaZigWrc9NzF+RpXhTOCk2Ek1JpSN6ADblkoaofaz2dUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XTk147WdcJqlByeaLwlQQ++o0AtLnCpkRY0soU9zeStiQKsqMDapoQ/AWX14mjYuK51a8+8ty9SaPowDHcAJn4MEVVOEOalAHBgqe4RXenCfnxXl3PuatK04+cwR/4Hz+ADNOkaY=</latexit><latexit sha1_base64="Jna5gI2F8nB8ruquTDKSGuPf6Bk=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRi8cK9gPatGy2k3bpZhN2N0oJ/R9ePCji1f/izX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPR7dRvPqLSPJYPZpygH9GB5CFn1Fipm3RMTLB7TjoJ77q9UtmtuDOQZeLlpAw5ar3SV6cfszRCaZigWrc9NzF+RpXhTOCk2Ek1JpSN6ADblkoaofaz2dUTcmqVPgljZUsaMlN/T2Q00nocBbYzomaoF72p+J/XTk147WdcJqlByeaLwlQQ++o0AtLnCpkRY0soU9zeStiQKsqMDapoQ/AWX14mjYuK51a8+8ty9SaPowDHcAJn4MEVVOEOalAHBgqe4RXenCfnxXl3PuatK04+cwR/4Hz+ADNOkaY=</latexit>

质⼦子寿命短于实验下限，模型被排除.
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SO(10) GUT：

SO(10) 具有16维表示，⼀一个很好容纳标准模型费⽶米⼦子的维数。

16 = (u1, u2, u3, d1, d2, d3, e, ⌫;u
c
1, u

c
2, u

c
3, d

c
1, d

c
2, d

c
3, e

c, ⌫c)L
<latexit sha1_base64="j/59zUwfWJ1PsSOiEmV5nPPBe+U="></latexit><latexit sha1_base64="j/59zUwfWJ1PsSOiEmV5nPPBe+U="></latexit><latexit sha1_base64="j/59zUwfWJ1PsSOiEmV5nPPBe+U="></latexit><latexit sha1_base64="j/59zUwfWJ1PsSOiEmV5nPPBe+U="></latexit>

质⼦子衰变，但寿命⻓长于实验限制。

中微⼦子有质量量；



Leptoquark
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LQ

q

ℓ̄

LQ

q

ℓ

1603.04993



Leptoquark
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导致丰富低能唯象，如⽤用来试图解释 LHCb 等实验测量量的 RK，RD 值。

强⼦子对撞机探测：



LHC exotics 寻找
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ATLAS 
summary

Z prime 
W prime

暗物质
Leptoquark
额外夸克

重费⽶米⼦子

 Seesaw机制

额外维粒⼦子



LHC SUSY 寻找

�65

ATLAS 
summary



新物理理寻找之路路 

“路路漫漫其修远兮，吾将上下⽽而求索” 

                                            — 屈原《离骚》 

“道路路是曲折的，前途是光明的” 

                               — 佚名



新物理理寻找之路路 

“路路漫漫其修远兮，吾将上下⽽而求索” 

                                            — 屈原《离骚》 

“道路路是曲折的，前途是光明的” 

                               — 佚名

祝好运！


