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Lecture 1:
•What you should know

•Abelian Gauge Theories

•Non Abelian Gauge Theories

Outline of Lectures

- QFT motivation
- Classical Field Theory
- Quantization for scalars, fermions.

- Interactions and Feynman rules

- …

2



Outline of Lectures
Lecture 2: •Building the Electroweak Standard Model as a Gauge Theory

•The Mass Problem in the SM: Spontaneous Symmetry Breaking

•The Higgs Boson and its interactions

Lecture 3:

•Precision Tests of the Quantum SM

•Conclusions and Outlook
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•Tests of the Electroweak Standard Model
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Complementary References

http://fma.if.usp.br/~burdman/QFT1/qft1index.htmlQFT I:
QFT II: http://fma.if.usp.br/~burdman/QFT2/qft2index.html

Each a semester long course with detailed notes and references 

Referenced throughout the lectures. For instance as  

I.L7 = QFT I, Lecture 7



Lecture 1
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What you should already know
Classical Field Theory

@�(x)

@xµ
= @µ�(x)
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�(x)
<latexit sha1_base64="w7PRC4ttWXnkqJCIX6/VlrGSe/w=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIsmJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j014tWn83654tW8OfAq8XNSgRyNfvmrN0hoGjNpqSDGdH1P2SAj2nIq2LTUSw1ThI7JkHUdlSRmJsjm507xmVMGOEq0K2nxXP09kZHYmEkcus6Y2JFZ9mbif143tdF1kHGpUsskXSyKUoFtgme/4wHXjFoxcYRQzd2tmI6IJtS6hEouBH/55VXSuqj5Xs2/v6zUb/I4inACp1AFH66gDnfQgCZQGMMzvMIbUugFvaOPRWsB5TPH8Afo8we4no8m</latexit><latexit sha1_base64="w7PRC4ttWXnkqJCIX6/VlrGSe/w=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIsmJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j014tWn83654tW8OfAq8XNSgRyNfvmrN0hoGjNpqSDGdH1P2SAj2nIq2LTUSw1ThI7JkHUdlSRmJsjm507xmVMGOEq0K2nxXP09kZHYmEkcus6Y2JFZ9mbif143tdF1kHGpUsskXSyKUoFtgme/4wHXjFoxcYRQzd2tmI6IJtS6hEouBH/55VXSuqj5Xs2/v6zUb/I4inACp1AFH66gDnfQgCZQGMMzvMIbUugFvaOPRWsB5TPH8Afo8we4no8m</latexit><latexit sha1_base64="w7PRC4ttWXnkqJCIX6/VlrGSe/w=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIsmJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j014tWn83654tW8OfAq8XNSgRyNfvmrN0hoGjNpqSDGdH1P2SAj2nIq2LTUSw1ThI7JkHUdlSRmJsjm507xmVMGOEq0K2nxXP09kZHYmEkcus6Y2JFZ9mbif143tdF1kHGpUsskXSyKUoFtgme/4wHXjFoxcYRQzd2tmI6IJtS6hEouBH/55VXSuqj5Xs2/v6zUb/I4inACp1AFH66gDnfQgCZQGMMzvMIbUugFvaOPRWsB5TPH8Afo8we4no8m</latexit><latexit sha1_base64="w7PRC4ttWXnkqJCIX6/VlrGSe/w=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BItQL2VXBD0WvXisYD+gXUo2zbah2WxIsmJZ+iO8eFDEq7/Hm//GtN2Dtj4YeLw3w8y8UAlurOd9o8La+sbmVnG7tLO7t39QPjxqmSTVlDVpIhLdCYlhgkvWtNwK1lGakTgUrB2Ob2d++5FpwxP5YCeKBTEZSh5xSqyT2j014tWn83654tW8OfAq8XNSgRyNfvmrN0hoGjNpqSDGdH1P2SAj2nIq2LTUSw1ThI7JkHUdlSRmJsjm507xmVMGOEq0K2nxXP09kZHYmEkcus6Y2JFZ9mbif143tdF1kHGpUsskXSyKUoFtgme/4wHXjFoxcYRQzd2tmI6IJtS6hEouBH/55VXSuqj5Xs2/v6zUb/I4inACp1AFH66gDnfQgCZQGMMzvMIbUugFvaOPRWsB5TPH8Afo8we4no8m</latexit>

Lagrangian is function of field and its derivatives

S =

Z
dtL =

Z
d4xL(�(x), @µ�(x)) ,

<latexit sha1_base64="zp4U96AxokdmspPxALym2nzgskU="></latexit><latexit sha1_base64="zp4U96AxokdmspPxALym2nzgskU="></latexit><latexit sha1_base64="zp4U96AxokdmspPxALym2nzgskU="></latexit><latexit sha1_base64="zp4U96AxokdmspPxALym2nzgskU="></latexit>

Equations of Motion from �S = 0
<latexit sha1_base64="uTzo8UiTY2Ul8Jy/6L+4g06jKSs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxov3ANpTNZtou3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7YAZkEJBAwVKaCcaWBRIaAWjm6nfegJtRKwecJyAH7GBEn3BGVrpsRuCREbvr9xeueJW3RnoMvFyUiE56r3yVzeMeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bXTyhJ1YJaT/WthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxf6lnwmVpAiKzxf1U0kxptP3aSg0cJRjSxjXwt5K+ZBpxtGGVLIheIsvL5PmWdVzq97deaV2ncdRJEfkmJwSj1yQGrklddIgnCjyTF7Jm2OcF+fd+Zi3Fpx85pD8gfP5A4PJkCQ=</latexit><latexit sha1_base64="uTzo8UiTY2Ul8Jy/6L+4g06jKSs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxov3ANpTNZtou3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7YAZkEJBAwVKaCcaWBRIaAWjm6nfegJtRKwecJyAH7GBEn3BGVrpsRuCREbvr9xeueJW3RnoMvFyUiE56r3yVzeMeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bXTyhJ1YJaT/WthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxf6lnwmVpAiKzxf1U0kxptP3aSg0cJRjSxjXwt5K+ZBpxtGGVLIheIsvL5PmWdVzq97deaV2ncdRJEfkmJwSj1yQGrklddIgnCjyTF7Jm2OcF+fd+Zi3Fpx85pD8gfP5A4PJkCQ=</latexit><latexit sha1_base64="uTzo8UiTY2Ul8Jy/6L+4g06jKSs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxov3ANpTNZtou3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7YAZkEJBAwVKaCcaWBRIaAWjm6nfegJtRKwecJyAH7GBEn3BGVrpsRuCREbvr9xeueJW3RnoMvFyUiE56r3yVzeMeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bXTyhJ1YJaT/WthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxf6lnwmVpAiKzxf1U0kxptP3aSg0cJRjSxjXwt5K+ZBpxtGGVLIheIsvL5PmWdVzq97deaV2ncdRJEfkmJwSj1yQGrklddIgnCjyTF7Jm2OcF+fd+Zi3Fpx85pD8gfP5A4PJkCQ=</latexit><latexit sha1_base64="uTzo8UiTY2Ul8Jy/6L+4g06jKSs=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ItQ9OKxov3ANpTNZtou3WzC7kQoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmkODxzLW7YAZkEJBAwVKaCcaWBRIaAWjm6nfegJtRKwecJyAH7GBEn3BGVrpsRuCREbvr9xeueJW3RnoMvFyUiE56r3yVzeMeRqBQi6ZMR3PTdDPmEbBJUxK3dRAwviIDaBjqWIRGD+bXTyhJ1YJaT/WthTSmfp7ImORMeMosJ0Rw6FZ9Kbif14nxf6lnwmVpAiKzxf1U0kxptP3aSg0cJRjSxjXwt5K+ZBpxtGGVLIheIsvL5PmWdVzq97deaV2ncdRJEfkmJwSj1yQGrklddIgnCjyTF7Jm2OcF+fd+Zi3Fpx85pD8gfP5A4PJkCQ=</latexit>

@L
@�

� @µ

✓
@L

@(@µ�)

◆
= 0

<latexit sha1_base64="MZPQaGJSa5KFQbQA6aQCyQGIVDs="></latexit><latexit sha1_base64="MZPQaGJSa5KFQbQA6aQCyQGIVDs="></latexit><latexit sha1_base64="MZPQaGJSa5KFQbQA6aQCyQGIVDs="></latexit><latexit sha1_base64="MZPQaGJSa5KFQbQA6aQCyQGIVDs="></latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

Euler-Lagrange Eqns. 
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(I.L2)



Example 1: Free real scalar field

L =
1

2
@µ�@µ�� 1

2
m2 �2

<latexit sha1_base64="aT6z7zsnjTEZFj3JeFJuz8KiJtc="></latexit><latexit sha1_base64="aT6z7zsnjTEZFj3JeFJuz8KiJtc="></latexit><latexit sha1_base64="aT6z7zsnjTEZFj3JeFJuz8KiJtc="></latexit><latexit sha1_base64="aT6z7zsnjTEZFj3JeFJuz8KiJtc="></latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

(@2 +m2)�(x) = 0
<latexit sha1_base64="zs5WpRGvqKAavbJk20EdR0wPW7A=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahRSlJEXQjFN24rGAf0KRlMp20QyeTMDMRS+jSjb/ixoUibv0Ed/6NkzYLbT1w4XDOvdx7jxcxKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLG12nfuueCElDfqfGEXEDNODUpxgpLfXMw5ITIaEoYt0qPIFBt1p2Tp1oSEsPZXgJrZ5ZtCrWFHCR2Bkpggz1nvnl9EMcB4QrzJCUHduKlJukOzAjk4ITSxIhPEID0tGUo4BIN5k+MoHHWulDPxS6uIJT9fdEggIpx4GnOwOkhnLeS8X/vE6s/As3oTyKFeF4tsiPGVQhTFOBfSoIVmysCcKC6lshHiKBsNLZFXQI9vzLi6RZrdhWxb49K9ausjjy4AAcgRKwwTmogRtQBw2AwSN4Bq/gzXgyXox342PWmjOymX3wB8bnD37Llw4=</latexit><latexit sha1_base64="zs5WpRGvqKAavbJk20EdR0wPW7A=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahRSlJEXQjFN24rGAf0KRlMp20QyeTMDMRS+jSjb/ixoUibv0Ed/6NkzYLbT1w4XDOvdx7jxcxKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLG12nfuueCElDfqfGEXEDNODUpxgpLfXMw5ITIaEoYt0qPIFBt1p2Tp1oSEsPZXgJrZ5ZtCrWFHCR2Bkpggz1nvnl9EMcB4QrzJCUHduKlJukOzAjk4ITSxIhPEID0tGUo4BIN5k+MoHHWulDPxS6uIJT9fdEggIpx4GnOwOkhnLeS8X/vE6s/As3oTyKFeF4tsiPGVQhTFOBfSoIVmysCcKC6lshHiKBsNLZFXQI9vzLi6RZrdhWxb49K9ausjjy4AAcgRKwwTmogRtQBw2AwSN4Bq/gzXgyXox342PWmjOymX3wB8bnD37Llw4=</latexit><latexit sha1_base64="zs5WpRGvqKAavbJk20EdR0wPW7A=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahRSlJEXQjFN24rGAf0KRlMp20QyeTMDMRS+jSjb/ixoUibv0Ed/6NkzYLbT1w4XDOvdx7jxcxKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLG12nfuueCElDfqfGEXEDNODUpxgpLfXMw5ITIaEoYt0qPIFBt1p2Tp1oSEsPZXgJrZ5ZtCrWFHCR2Bkpggz1nvnl9EMcB4QrzJCUHduKlJukOzAjk4ITSxIhPEID0tGUo4BIN5k+MoHHWulDPxS6uIJT9fdEggIpx4GnOwOkhnLeS8X/vE6s/As3oTyKFeF4tsiPGVQhTFOBfSoIVmysCcKC6lshHiKBsNLZFXQI9vzLi6RZrdhWxb49K9ausjjy4AAcgRKwwTmogRtQBw2AwSN4Bq/gzXgyXox342PWmjOymX3wB8bnD37Llw4=</latexit><latexit sha1_base64="zs5WpRGvqKAavbJk20EdR0wPW7A=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahRSlJEXQjFN24rGAf0KRlMp20QyeTMDMRS+jSjb/ixoUibv0Ed/6NkzYLbT1w4XDOvdx7jxcxKpVlfRu5peWV1bX8emFjc2t7x9zda8owFpg0cMhC0faQJIxy0lBUMdKOBEGBx0jLG12nfuueCElDfqfGEXEDNODUpxgpLfXMw5ITIaEoYt0qPIFBt1p2Tp1oSEsPZXgJrZ5ZtCrWFHCR2Bkpggz1nvnl9EMcB4QrzJCUHduKlJukOzAjk4ITSxIhPEID0tGUo4BIN5k+MoHHWulDPxS6uIJT9fdEggIpx4GnOwOkhnLeS8X/vE6s/As3oTyKFeF4tsiPGVQhTFOBfSoIVmysCcKC6lshHiKBsNLZFXQI9vzLi6RZrdhWxb49K9ausjjy4AAcgRKwwTmogRtQBw2AwSN4Bq/gzXgyXox342PWmjOymX3wB8bnD37Llw4=</latexit>

Klein-Gordon equation

Example 2: Free Dirac fermion 

L =  ̄(x) (i�µ@µ �m) (x)
<latexit sha1_base64="zeX5wXt+j/pBmjL5pbfWINQ54Qc="></latexit><latexit sha1_base64="zeX5wXt+j/pBmjL5pbfWINQ54Qc="></latexit><latexit sha1_base64="zeX5wXt+j/pBmjL5pbfWINQ54Qc="></latexit><latexit sha1_base64="zeX5wXt+j/pBmjL5pbfWINQ54Qc="></latexit>

)
<latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit><latexit sha1_base64="E+ql3SgwjIInsFzh7/ZNPWlwHRk=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9Hoeuo/PDJtuJL3OE5ZmJCB5DGnBK0UdO/4YIhEa/XUq9a8ujeDu0z8gtSgQLNX/er2Fc0SJpEKYkzgeymGOdHIqWCTSjczLCV0RAYssFSShJkwn508cU+s0ndjpW1JdGfq74mcJMaMk8h2JgSHZtGbiv95QYbxZZhzmWbIJJ0vijPhonKn/7t9rhlFMbaEUM3trS4dEk0o2pQqNgR/8eVl0j6r+17dvz2vNa6KOMpwBMdwCj5cQANuoAktoKDgGV7hzUHnxXl3PuatJaeYOYQ/cD5/AJEbkW0=</latexit>

(i�µ@µ �m) (x) = 0
<latexit sha1_base64="O+xPiS5riyAZWOAzrXJ1Wctiayg=">AAACDXicbZC7TsMwFIYdrqXcAowsEQWpHagShAQLUgULY5HoRWpCdOI6rVU7iWwHUVV9ARZehYUBhFjZ2XgbnDYDtPySpU//Ocf2+YOEUals+9tYWFxaXlktrBXXNza3ts2d3aaMU4FJA8csFu0AJGE0Ig1FFSPtRBDgASOtYHCV1Vv3REgaR7dqmBCPQy+iIcWgtOWbh2Xq9oBzuHN56iYgFAXmaz7mFTeRtPxQubB9s2RX7YmseXByKKFcdd/8crsxTjmJFGYgZcexE+WNstsxI+Oim0qSAB5Aj3Q0RsCJ9EaTbcbWkXa6VhgLfSJlTdzfEyPgUg55oDs5qL6crWXmf7VOqsJzb0SjJFUkwtOHwpRZKrayaKwuFQQrNtQAWFD9Vwv3QQBWOsCiDsGZXXkemidVx646N6el2mUeRwHtowNURg46QzV0jeqogTB6RM/oFb0ZT8aL8W58TFsXjHxmD/2R8fkDe7KbJg==</latexit><latexit sha1_base64="O+xPiS5riyAZWOAzrXJ1Wctiayg=">AAACDXicbZC7TsMwFIYdrqXcAowsEQWpHagShAQLUgULY5HoRWpCdOI6rVU7iWwHUVV9ARZehYUBhFjZ2XgbnDYDtPySpU//Ocf2+YOEUals+9tYWFxaXlktrBXXNza3ts2d3aaMU4FJA8csFu0AJGE0Ig1FFSPtRBDgASOtYHCV1Vv3REgaR7dqmBCPQy+iIcWgtOWbh2Xq9oBzuHN56iYgFAXmaz7mFTeRtPxQubB9s2RX7YmseXByKKFcdd/8crsxTjmJFGYgZcexE+WNstsxI+Oim0qSAB5Aj3Q0RsCJ9EaTbcbWkXa6VhgLfSJlTdzfEyPgUg55oDs5qL6crWXmf7VOqsJzb0SjJFUkwtOHwpRZKrayaKwuFQQrNtQAWFD9Vwv3QQBWOsCiDsGZXXkemidVx646N6el2mUeRwHtowNURg46QzV0jeqogTB6RM/oFb0ZT8aL8W58TFsXjHxmD/2R8fkDe7KbJg==</latexit><latexit sha1_base64="O+xPiS5riyAZWOAzrXJ1Wctiayg=">AAACDXicbZC7TsMwFIYdrqXcAowsEQWpHagShAQLUgULY5HoRWpCdOI6rVU7iWwHUVV9ARZehYUBhFjZ2XgbnDYDtPySpU//Ocf2+YOEUals+9tYWFxaXlktrBXXNza3ts2d3aaMU4FJA8csFu0AJGE0Ig1FFSPtRBDgASOtYHCV1Vv3REgaR7dqmBCPQy+iIcWgtOWbh2Xq9oBzuHN56iYgFAXmaz7mFTeRtPxQubB9s2RX7YmseXByKKFcdd/8crsxTjmJFGYgZcexE+WNstsxI+Oim0qSAB5Aj3Q0RsCJ9EaTbcbWkXa6VhgLfSJlTdzfEyPgUg55oDs5qL6crWXmf7VOqsJzb0SjJFUkwtOHwpRZKrayaKwuFQQrNtQAWFD9Vwv3QQBWOsCiDsGZXXkemidVx646N6el2mUeRwHtowNURg46QzV0jeqogTB6RM/oFb0ZT8aL8W58TFsXjHxmD/2R8fkDe7KbJg==</latexit><latexit sha1_base64="O+xPiS5riyAZWOAzrXJ1Wctiayg=">AAACDXicbZC7TsMwFIYdrqXcAowsEQWpHagShAQLUgULY5HoRWpCdOI6rVU7iWwHUVV9ARZehYUBhFjZ2XgbnDYDtPySpU//Ocf2+YOEUals+9tYWFxaXlktrBXXNza3ts2d3aaMU4FJA8csFu0AJGE0Ig1FFSPtRBDgASOtYHCV1Vv3REgaR7dqmBCPQy+iIcWgtOWbh2Xq9oBzuHN56iYgFAXmaz7mFTeRtPxQubB9s2RX7YmseXByKKFcdd/8crsxTjmJFGYgZcexE+WNstsxI+Oim0qSAB5Aj3Q0RsCJ9EaTbcbWkXa6VhgLfSJlTdzfEyPgUg55oDs5qL6crWXmf7VOqsJzb0SjJFUkwtOHwpRZKrayaKwuFQQrNtQAWFD9Vwv3QQBWOsCiDsGZXXkemidVx646N6el2mUeRwHtowNURg46QzV0jeqogTB6RM/oFb0ZT8aL8W58TFsXjHxmD/2R8fkDe7KbJg==</latexit>

 ̄(x) (i�µ@µ +m) = 0
<latexit sha1_base64="j+5FC+sp94mB+fspNy+ug1P6SPY=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAILUqdEUE3QtGNywr2Ap2xnEnTNjSZGZKMWIY+hhtfxY0LRdx259uYtrPQ1h8CH/85J8n5/YgzpW3728osLa+srmXXcxubW9s7+d29ugpjSWiNhDyUTR8U5SygNc00p81IUhA+pw1/cDOpNx6pVCwM7vUwop6AXsC6jIA2Vjt/6vogEzdSbFR8KrknReb2QAh4cEXsRiA1A942jI+xKOEru50v2GV7KrwITgoFlKrazo/dTkhiQQNNOCjVcuxIe8nkZsLpKOfGikZABtCjLYMBCKq8ZLrYCB8Zp4O7oTQn0Hjq/p5IQCg1FL7pFKD7ar42Mf+rtWLdvfQSFkSxpgGZPdSNOdYhnqSEO0xSovnQABDJzF8x6YMEok2WOROCM7/yItTPyo5ddu7OC5XrNI4sOkCHqIgcdIEq6BZVUQ0R9Ixe0Tv6sF6sN+vT+pq1Zqx0Zh/9kTX+Ae9mnwM=</latexit><latexit sha1_base64="j+5FC+sp94mB+fspNy+ug1P6SPY=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAILUqdEUE3QtGNywr2Ap2xnEnTNjSZGZKMWIY+hhtfxY0LRdx259uYtrPQ1h8CH/85J8n5/YgzpW3728osLa+srmXXcxubW9s7+d29ugpjSWiNhDyUTR8U5SygNc00p81IUhA+pw1/cDOpNx6pVCwM7vUwop6AXsC6jIA2Vjt/6vogEzdSbFR8KrknReb2QAh4cEXsRiA1A942jI+xKOEru50v2GV7KrwITgoFlKrazo/dTkhiQQNNOCjVcuxIe8nkZsLpKOfGikZABtCjLYMBCKq8ZLrYCB8Zp4O7oTQn0Hjq/p5IQCg1FL7pFKD7ar42Mf+rtWLdvfQSFkSxpgGZPdSNOdYhnqSEO0xSovnQABDJzF8x6YMEok2WOROCM7/yItTPyo5ddu7OC5XrNI4sOkCHqIgcdIEq6BZVUQ0R9Ixe0Tv6sF6sN+vT+pq1Zqx0Zh/9kTX+Ae9mnwM=</latexit><latexit sha1_base64="j+5FC+sp94mB+fspNy+ug1P6SPY=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAILUqdEUE3QtGNywr2Ap2xnEnTNjSZGZKMWIY+hhtfxY0LRdx259uYtrPQ1h8CH/85J8n5/YgzpW3728osLa+srmXXcxubW9s7+d29ugpjSWiNhDyUTR8U5SygNc00p81IUhA+pw1/cDOpNx6pVCwM7vUwop6AXsC6jIA2Vjt/6vogEzdSbFR8KrknReb2QAh4cEXsRiA1A942jI+xKOEru50v2GV7KrwITgoFlKrazo/dTkhiQQNNOCjVcuxIe8nkZsLpKOfGikZABtCjLYMBCKq8ZLrYCB8Zp4O7oTQn0Hjq/p5IQCg1FL7pFKD7ar42Mf+rtWLdvfQSFkSxpgGZPdSNOdYhnqSEO0xSovnQABDJzF8x6YMEok2WOROCM7/yItTPyo5ddu7OC5XrNI4sOkCHqIgcdIEq6BZVUQ0R9Ixe0Tv6sF6sN+vT+pq1Zqx0Zh/9kTX+Ae9mnwM=</latexit><latexit sha1_base64="j+5FC+sp94mB+fspNy+ug1P6SPY=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAILUqdEUE3QtGNywr2Ap2xnEnTNjSZGZKMWIY+hhtfxY0LRdx259uYtrPQ1h8CH/85J8n5/YgzpW3728osLa+srmXXcxubW9s7+d29ugpjSWiNhDyUTR8U5SygNc00p81IUhA+pw1/cDOpNx6pVCwM7vUwop6AXsC6jIA2Vjt/6vogEzdSbFR8KrknReb2QAh4cEXsRiA1A942jI+xKOEru50v2GV7KrwITgoFlKrazo/dTkhiQQNNOCjVcuxIe8nkZsLpKOfGikZABtCjLYMBCKq8ZLrYCB8Zp4O7oTQn0Hjq/p5IQCg1FL7pFKD7ar42Mf+rtWLdvfQSFkSxpgGZPdSNOdYhnqSEO0xSovnQABDJzF8x6YMEok2WOROCM7/yItTPyo5ddu7OC5XrNI4sOkCHqIgcdIEq6BZVUQ0R9Ixe0Tv6sF6sN+vT+pq1Zqx0Zh/9kTX+Ae9mnwM=</latexit>

and{
<latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit>

Dirac equation
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Continuous Symmetries and Noether’s Theorem 

8

�(x) �! �0(x) = �(x) + ✏��
<latexit sha1_base64="YUxNEhVEEHgiDJsCrFdrNvhy7HE=">AAACKHicbVDLSgMxFM34tr6qLt0Ei6goZUYF3YhFXbhUsCp0Ssmkt20wkwzJHbUUP8eNv+JGRJFu/RIzdRa+DgQO55zLzT1RIoVF3+97Q8Mjo2PjE5OFqemZ2bni/MKF1anhUOVaanMVMQtSKKiiQAlXiQEWRxIuo+ujzL+8AWOFVufYTaAes7YSLcEZOqlRPAiTjli7Ww+lVm0j2h1kxuhbSjN91Rn7eYBu0BASK1wu3AyPQSLLnEax5Jf9AehfEuSkRHKcNoovYVPzNAaFXDJra4GfYL3HDAou4b4QphYSxq9ZG2qOKhaDrfcGh97TFac0aUsb9xTSgfp9osdia7tx5JIxw4797WXif14txdZevSdUkiIo/rWolUqKmmat0aYwwFF2HWHcCPdXyjvMMI6u24IrIfh98l9ysVUOtstbZzulymFexwRZIstkjQRkl1TICTklVcLJA3kir+TNe/SevXev/xUd8vKZRfID3scnRQWlfA==</latexit>

L �! L+ ✏�L
<latexit sha1_base64="ThEMztq6ynWprkq+l4UCk11c9GQ=">AAACI3icbVBNSyNBEO1x/YxfcT16aQyCoIQZFRRPsnrwsAcFo0ImhJpOJWns6R66a3YJQ/7LXvwrXjwo4mUP/hc7H4JfDwoe71VRVS/JlHQUhv+DiR+TU9Mzs3Ol+YXFpeXyys9LZ3IrsCaMMvY6AYdKaqyRJIXXmUVIE4VXyc3xwL/6g9ZJoy+ol2EjhY6WbSmAvNQsHxaxAMV/92NldMfKTpfAWvOXv+l8i8eYOenteDs+QUXAR1azXAmr4RD8K4nGpMLGOGuWn+KWEXmKmoQC5+pRmFGjAEtSKOyX4txhBuIGOlj3VEOKrlEMf+zzDa+0eNtYX5r4UH0/UUDqXC9NfGcK1HWfvYH4nVfPqX3QKKTOckItRovaueJk+CAw3pIWBameJyCs9Ldy0QULgnysJR9C9Pnlr+RypxrtVnfO9ypHv8ZxzLI1ts42WcT22RE7ZWesxgT7x+7YA3sMboP74Cl4HrVOBOOZVfYBwcsrLo+j7w==</latexit>

We consider an infinitesimal shift in the fields

This results in an infinitesimal shift in the Lagrangian

Noether’s Theorem: the current defined as 

jµ ⌘ @L
@(@µ�)

��
<latexit sha1_base64="9wml57EQYtQU/Lc/vM8TB5AsFWE="></latexit>

is conserved, i.e. satisfies                           if we use the equations of motion@µ j
µ = 0

<latexit sha1_base64="RP/mB8hMpip30Ov4ph7uhr4OmTI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYkBVUpBgQapgYSwSfUhNiBzXaU1tJ7IdpCrqwq+wMIAQK5/Bxt/gtBmgcCTLR+fce+17woRRpR3nyyotLC4tr5RXK2vrG5tb9vZOW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdJX7nQciFY3FrR4nxOdoIGhEMdJGCuw9L0FSU8QCj6fe8f2dueAFdAK76tScKeBf4hakCgo0A/vT68c45URozJBSPddJtJ/lwzEjk4qXKpIgPEID0jNUIE6Un00XmMBDo/RhFEtzhIZT9WdHhrhSYx6aSo70UM17ufif10t1dO5nVCSpJgLPHopSBnUM8zRgn0qCNRsbgrCk5q8QD5FEWJvMKiYEd37lv6Rdr7kntfrNabVxWcRRBvvgABwBF5yBBrgGTdACGEzAE3gBr9aj9Wy9We+z0pJV9OyCX7A+vgGNc5W2</latexit>



Example: Complex Scalar Field

L = @µ�
⇤ @µ��m2 �⇤�

<latexit sha1_base64="ShVTUi3VDLcsB39BmVR9kMqRX+Y="></latexit>

�(x) �! ei↵ �(x)
<latexit sha1_base64="QqHTiHDLjAHOKmx+lns9etwiBOU=">AAACFnicbVDLSgMxFM34tr5GXboJFkFBy0wVdCm6cVnBtkJnLHfStBPMJEOSUcvQr3Djr7hxoYhbceffmLaz8HUgcDjnXG7uiVLOtPG8T2dicmp6ZnZuvrSwuLS84q6uNbTMFKF1IrlUlxFoypmgdcMMp5epopBEnDaj69Oh37yhSjMpLkw/pWECPcG6jICxUtvdC9KYbd/t4IBL0VOsFxtQSt5iTK9yFgBPYxgEu0Wq7Za9ijcC/kv8gpRRgVrb/Qg6kmQJFYZw0Lrle6kJc1CGEU4HpSDTNAVyDT3aslRAQnWYj84a4C2rdHBXKvuEwSP1+0QOidb9JLLJBEysf3tD8T+vlZnuUZgzkWaGCjJe1M04NhIPO8IdpigxvG8JEMXsXzGJQQExtsmSLcH/ffJf0qhW/P1K9fygfHxS1DGHNtAm2kY+OkTH6AzVUB0RdI8e0TN6cR6cJ+fVeRtHJ5xiZh39gPP+BZTYnwA=</latexit>

�⇤(x) �! e�i↵ �⇤(x)
<latexit sha1_base64="OAXeEIzwT8UbwYbYRnNUVBBGkkA=">AAACG3icbVDLSgMxFM34tr6qLt0Ei1BFy0wVdFl047KCbYVOLXfStBPMJEOSUcvQ/3Djr7hxoYgrwYV/Y/pAtPVA4HDOudzcE8ScaeO6X87U9Mzs3PzCYmZpeWV1Lbu+UdUyUYRWiORSXQWgKWeCVgwznF7FikIUcFoLbs76fu2WKs2kuDTdmDYi6AjWZgSMlZrZoh+H7Hovf7+LfS5FR7FOaEApeYcxvU4PmA88DqHn7/8Em9mcW3AHwJPEG5EcGqHczH74LUmSiApDOGhd99zYNFJQhhFOexk/0TQGcgMdWrdUQER1Ix3c1sM7VmnhtlT2CYMH6u+JFCKtu1FgkxGYUI97ffE/r56Y9kkjZSJODBVkuKidcGwk7heFW0xRYnjXEiCK2b9iEoICYmydGVuCN37yJKkWC95hoXhxlCudjupYQFtoG+WRh45RCZ2jMqoggh7QE3pBr86j8+y8Oe/D6JQzmtlEf+B8fgN6fqBv</latexit>

The Lagrangian is invariant under the symmetry transformations

}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>

with        a real constant  (i.e. this is a global symmetry) ↵
<latexit sha1_base64="+wSBPeL8nxBdvzPXA2qswhGhfpg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AIzPjxw=</latexit>

Then the current is 

jµ = i {(@µ�⇤)�� (@µ�)�⇤}
<latexit sha1_base64="pnadbUcIgcE5D2G3bo44Z9MSWGc="></latexit>

which satisfies @µ j
µ = 0

<latexit sha1_base64="RP/mB8hMpip30Ov4ph7uhr4OmTI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYkBVUpBgQapgYSwSfUhNiBzXaU1tJ7IdpCrqwq+wMIAQK5/Bxt/gtBmgcCTLR+fce+17woRRpR3nyyotLC4tr5RXK2vrG5tb9vZOW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdJX7nQciFY3FrR4nxOdoIGhEMdJGCuw9L0FSU8QCj6fe8f2dueAFdAK76tScKeBf4hakCgo0A/vT68c45URozJBSPddJtJ/lwzEjk4qXKpIgPEID0jNUIE6Un00XmMBDo/RhFEtzhIZT9WdHhrhSYx6aSo70UM17ufif10t1dO5nVCSpJgLPHopSBnUM8zRgn0qCNRsbgrCk5q8QD5FEWJvMKiYEd37lv6Rdr7kntfrNabVxWcRRBvvgABwBF5yBBrgGTdACGEzAE3gBr9aj9Wy9We+z0pJV9OyCX7A+vgGNc5W2</latexit>

as long as we impose the KG eqns. 

(@2 +m2)�⇤ = 0 , (@2 +m2)� = 0
<latexit sha1_base64="LsdaehhzNIXqvlEpu76etbi+JL4=">AAACJnicbVBLSwMxGMzWV62vVY9egkWoD8ruKuilUPTisYJ9QHdbsmnWhmYfTbJCWeqf8eJf8eKhIuLNn2K2LVJbBwLDzHxJvnEjRoU0jC8ts7S8srqWXc9tbG5t7+i7ezURxhyTKg5ZyBsuEoTRgFQllYw0Ik6Q7zJSd3s3qV9/JFzQMLiXg4g4PnoIqEcxkkpq6yVYsCPEJUWsZcFTv2Ud21GXtk5gCRpPZ3a/H6PObOY3kgbaet4oGmPARWJOSR5MUWnrI7sT4tgngcQMCdE0jUg6SXo5ZmSYs2NBIoR76IE0FQ2QT4STjNccwiOldKAXcnUCCcfq7ESCfCEGvquSPpJdMe+l4n9eM5belZPQIIolCfDkIS9mUIYw7Qx2KCdYsoEiCHOq/gpxF3GEpWo2p0ow51deJDWraJ4XrbuLfPl6WkcWHIBDUAAmuARlcAsqoAoweAavYATetRftTfvQPifRjDad2Qd/oH3/AN1NolM=</latexit>
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Field Quantization
Similarly as in QM: Field           and its conjugate momentum�(x)

<latexit sha1_base64="G066fGpOyQTG9fUeSaVYqs0sClM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2AdinZNNuGZrMhyYpl6Y/w4kERr/4eb/4b0+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbudx6p0iwWD2YqqR/hkWAhI9hYqdOXY1Z9Oh+UK27NzYBWiZeTCuRoDspf/WFMkogKQzjWuue50vgpVoYRTmelfqKpxGSCR7RnqcAR1X6anTtDZ1YZojBWtoRBmfp7IsWR1tMosJ0RNmO97M3F/7xeYsJrP2VCJoYKslgUJhyZGM1/R0OmKDF8agkmitlbERljhYmxCZVsCN7yy6ukXa95F7X6/WWlcZPHUYQTOIUqeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6K14OQzx/AHzucPueyPKg==</latexit>

⇡(x)
<latexit sha1_base64="qswF+5S1cKT1clwFp75ZcecpMS8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuK+ix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1OrFrPx03i+W3Io7B1olXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LBY6o9tP5tVN0ZpUBCqWyJQyaq78nUhxpPYkC2xlhM9LL3kz8z+smJrzyUybixFBBFovChCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMGG4C2/vEpa1YpXq1TvLkr16yyOPJzAKZTBg0uowy00oAkEHuAZXuHNkc6L8+58LFpzTjZzDH/gfP4A9OOOuA==</latexit>

defined as 

⇡(x) =
@L

@(@0�)
<latexit sha1_base64="6UGPN2A6/OoO+YRlzJ7+Bt9pwIc=">AAACJHicbVDLSgMxFM3UV62vUZdugkVoN2WmCgoiFN24cFHBPqBTSibNtKGZTEgyYhnmY9z4K25c+MCFG7/F9CFq64GEwzn33uQeXzCqtON8WJmFxaXllexqbm19Y3PL3t6pqyiWmNRwxCLZ9JEijHJS01Qz0hSSoNBnpOEPLkZ+45ZIRSN+o4eCtEPU4zSgGGkjdexTT9DCXRGeQS+QCCeeQFJTxKCHzXWV/giFb9ZxoCf6tJh27LxTcsaA88SdkjyYotqxX71uhOOQcI0ZUqrlOkK3k9FYzEia82JFBMID1CMtQzkKiWon4yVTeGCULgwiaQ7XcKz+7khQqNQw9E1liHRfzXoj8T+vFevgpJ1QLmJNOJ48FMQM6giOEoNdKgnWbGgIwpKav0LcRyYsbXLNmRDc2ZXnSb1ccg9L5eujfOV8GkcW7IF9UAAuOAYVcAmqoAYwuAeP4Bm8WA/Wk/VmvU9KM9a0Zxf8gfX5BWXhpBA=</latexit>

satisfy the equal time commutation relation 

[�(~x, t),⇡(~x0, t)] = i �(3)(~x� ~x0)
<latexit sha1_base64="c992UR9v+lqvMJQinYogbGztp6o="></latexit>

just as         and       in QM satisfy p
<latexit sha1_base64="YCRLqY3FYFMPr169IIibebwVZHg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtIvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP22eM+A==</latexit>

x
<latexit sha1_base64="hL+FaLtOT9luwfLW3Ut08xl3Pcw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmpWyd1Gu1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOeHjQA=</latexit>

[x, p] = i ~
<latexit sha1_base64="4ElQyzlVGp+uau67QSGOTya45o8=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBRSlJFXQjFN24rGAfkIQymU7aoZMHMxO1xH6KGxeKuPVL3Pk3TtsstPXAhcM593LvPX7CmVSW9W0UVlbX1jeKm6Wt7Z3dPbO835ZxKghtkZjHoutjSTmLaEsxxWk3ERSHPqcdf3Q99Tv3VEgWR3dqnFAvxIOIBYxgpaWeWXYeq4mHLhFzq8gd+lj0zIpVs2ZAy8TOSQVyNHvml9uPSRrSSBGOpXRsK1FehoVihNNJyU0lTTAZ4QF1NI1wSKWXzU6foGOt9FEQC12RQjP190SGQynHoa87Q6yGctGbiv95TqqCCy9jUZIqGpH5oiDlSMVomgPqM0GJ4mNNMBFM34rIEAtMlE6rpEOwF19eJu16zT6t1W/PKo2rPI4iHMIRnIAN59CAG2hCCwg8wDO8wpvxZLwY78bHvLVg5DMH8AfG5w80ipKs</latexit>

 and           are now operators�(x)
<latexit sha1_base64="G066fGpOyQTG9fUeSaVYqs0sClM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2AdinZNNuGZrMhyYpl6Y/w4kERr/4eb/4b0+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbudx6p0iwWD2YqqR/hkWAhI9hYqdOXY1Z9Oh+UK27NzYBWiZeTCuRoDspf/WFMkogKQzjWuue50vgpVoYRTmelfqKpxGSCR7RnqcAR1X6anTtDZ1YZojBWtoRBmfp7IsWR1tMosJ0RNmO97M3F/7xeYsJrP2VCJoYKslgUJhyZGM1/R0OmKDF8agkmitlbERljhYmxCZVsCN7yy6ukXa95F7X6/WWlcZPHUYQTOIUqeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6K14OQzx/AHzucPueyPKg==</latexit>

⇡(x)
<latexit sha1_base64="qswF+5S1cKT1clwFp75ZcecpMS8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuK+ix6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDPz249UaSbFvZnE1I/wULCQEWys1OrFrPx03i+W3Io7B1olXkZKkKHRL371BpIkERWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LBY6o9tP5tVN0ZpUBCqWyJQyaq78nUhxpPYkC2xlhM9LL3kz8z+smJrzyUybixFBBFovChCMj0ex1NGCKEsMnlmCimL0VkRFWmBgbUMGG4C2/vEpa1YpXq1TvLkr16yyOPJzAKZTBg0uowy00oAkEHuAZXuHNkc6L8+58LFpzTjZzDH/gfP4A9OOOuA==</latexit>

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>
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Expand field and conjugate momentum in most general solution of KG eqn. In momentum space 

�(x) =

Z
d3p

(2⇡)3
p

2!p

n
ape

�ipµx
µ

+ b†pe
ipµx

µ
o

<latexit sha1_base64="zQKWqyGUyJ7LSg68X1pN4hfVpOM="></latexit>

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

ap
<latexit sha1_base64="A2EaFVx/8Zo8kE/iGDAmCrqZOFg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5aCYJ8yMcSh5yisZKD9hP+uWKW3XnIKvEy0kFcjT65a/eIKZpxKShArXuem5i/AyV4VSwaamXapYgHeOQdS2VGDHtZ/NTp+TMKgMSxsqWNGSu/p7IMNJ6EgW2M0Iz0sveTPzP66YmvPYzLpPUMEkXi8JUEBOT2d9kwBWjRkwsQaq4vZXQESqkxqZTsiF4yy+vklat6l1Ua/eXlfpNHkcRTuAUzsGDK6jDHTSgCRSG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBJcI3M</latexit>

b†p
<latexit sha1_base64="jU8cqte3gF/zBMtAcQkuLZDAdrY=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7AeksWw2m3TpZjfsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBPcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrXlLWpEkr3QmKY4JK1gYNgvUwzkoaCdcPR7czvPjFtuJIPMM5YkJJE8phTAlbyw8d+RJKE6UE2qNbcujsHXiVeQWqoQGtQ/epHiuYpk0AFMcb33AyCCdHAqWDTSj83LCN0RBLmWypJykwwmZ88xWdWiXCstC0JeK7+npiQ1JhxGtrOlMDQLHsz8T/PzyG+DiZcZjkwSReL4lxgUHj2P464ZhTE2BJCNbe3YjokmlCwKVVsCN7yy6uk06h7F/XG/WWteVPEUUYn6BSdIw9doSa6Qy3URhQp9Ixe0ZsDzovz7nwsWktOMXOM/sD5/AFJSpFB</latexit>

are annihilation and creation operators

[ap, a
†
p] = 1 = [bp, b

†
p]

<latexit sha1_base64="9I42aNz9urJlGFQfVSgVI2F+t9M=">AAACFnicbVDLSsNAFJ34rPUVdekmWAQXtSRV0I1QdOOygn1AEsPNZJIOnTyYmQgl9Cvc+CtuXCjiVtz5N04fi9p64F4O59zLzD1+xqiQpvmjLS2vrK6tlzbKm1vbO7v63n5bpDnHpIVTlvKuD4IwmpCWpJKRbsYJxD4jHb9/M/I7j4QLmib3cpARN4YooSHFIJXk6ac2eFkVHpwAoohwL3Od6pVTtcbd9pXnz3ieXjFr5hjGIrGmpIKmaHr6txOkOI9JIjEDIWzLzKRbAJcUMzIsO7kgGeA+RMRWNIGYCLcYnzU0jpUSGGHKVSXSGKuzGwXEQgxiX03GIHti3huJ/3l2LsNLt6BJlkuS4MlDYc4MmRqjjIyAcoIlGygCmFP1VwP3gAOWKsmyCsGaP3mRtOs166xWvzuvNK6ncZTQITpCJ8hCF6iBblETtRBGT+gFvaF37Vl71T60z8nokjbdOUB/oH39AgwSng4=</latexit>

The operator            annihilates a particle of momentum          

creates an anti-particle of momentum 

�(x)
<latexit sha1_base64="G066fGpOyQTG9fUeSaVYqs0sClM=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2AdinZNNuGZrMhyYpl6Y/w4kERr/4eb/4b0+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbudx6p0iwWD2YqqR/hkWAhI9hYqdOXY1Z9Oh+UK27NzYBWiZeTCuRoDspf/WFMkogKQzjWuue50vgpVoYRTmelfqKpxGSCR7RnqcAR1X6anTtDZ1YZojBWtoRBmfp7IsWR1tMosJ0RNmO97M3F/7xeYsJrP2VCJoYKslgUJhyZGM1/R0OmKDF8agkmitlbERljhYmxCZVsCN7yy6ukXa95F7X6/WWlcZPHUYQTOIUqeHAFDbiDJrSAwASe4RXeHOm8OO/Ox6K14OQzx/AHzucPueyPKg==</latexit>

p
<latexit sha1_base64="hbPe4PznP2NPE9l12VMAfqVQnjU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8XhiRtF+pujV3DrJKvIJUoUCzX/nqDRKWxSgNE1TrruemJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dkrOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6CnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzKdsQvOWXV0mrXvMua/WHq2rjtoijBKdwBhfgwTU04B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w9dwo5k</latexit>

p
<latexit sha1_base64="hbPe4PznP2NPE9l12VMAfqVQnjU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8XhiRtF+pujV3DrJKvIJUoUCzX/nqDRKWxSgNE1TrruemJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dkrOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6CnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzKdsQvOWXV0mrXvMua/WHq2rjtoijBKdwBhfgwTU04B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w9dwo5k</latexit>

The operator             creates a particle of momentum         

annihilates an anti-particle of momentum     

p
<latexit sha1_base64="hbPe4PznP2NPE9l12VMAfqVQnjU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8XhiRtF+pujV3DrJKvIJUoUCzX/nqDRKWxSgNE1TrruemJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dkrOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6CnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzKdsQvOWXV0mrXvMua/WHq2rjtoijBKdwBhfgwTU04B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w9dwo5k</latexit>

p
<latexit sha1_base64="hbPe4PznP2NPE9l12VMAfqVQnjU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGCaQttKJvtpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzfz2EyrNE/loJikGMR1KHnFGjZX8XhiRtF+pujV3DrJKvIJUoUCzX/nqDRKWxSgNE1TrruemJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dkrOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6CnMs0MyjZYlGUCWISMvucDLhCZsTEEsoUt7cSNqKKMmPzKdsQvOWXV0mrXvMua/WHq2rjtoijBKdwBhfgwTU04B6a4AMDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w9dwo5k</latexit>

�†(x)
<latexit sha1_base64="L9Rq63JJwKbsNr8kAXTbmlFAXF8=">AAAB+HicbVBNS8NAEJ34WetHox69BItQLyWpgh6LXjxWsB/QxLLZbNKlm03Y3Yg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5fsqoVLb9baysrq1vbJa2yts7u3sVc/+gI5NMYNLGCUtEz0eSMMpJW1HFSC8VBMU+I11/dD31uw9ESJrwOzVOiRejiNOQYqS0NDArbjqk926AooiI2uPpwKzadXsGa5k4BalCgdbA/HKDBGcx4QozJGXfsVPl5UgoihmZlN1MkhThEYpIX1OOYiK9fHb4xDrRSmCFidDFlTVTf0/kKJZyHPu6M0ZqKBe9qfif189UeOnllKeZIhzPF4UZs1RiTVOwAioIVmysCcKC6lstPEQCYaWzKusQnMWXl0mnUXfO6o3b82rzqoijBEdwDDVw4AKacAMtaAOGDJ7hFd6MJ+PFeDc+5q0rRjFzCH9gfP4APUCSzw==</latexit>
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Quantization of Fermion Fields

Solutions of the Dirac equation  a(~x, t)
<latexit sha1_base64="jmVLE9LneJutTL5cpqW1PvdbkYk=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJUkJJUQY9FLx4r2A9oQthsJ+3SzSbsbqol9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcKoVLb9baysrq1vbBa2its7u3v7ZumgJeNUEGiSmMWiE2AJjHJoKqoYdBIBOAoYtIPhzdRvj0BIGvN7NU7Ai3Cf05ASrLTkmyU3kdTHFXcEJHucnKlT3yzbVXsGa5k4OSmjHA3f/HJ7MUkj4IowLGXXsRPlZVgoShhMim4qIcFkiPvQ1ZTjCKSXzU6fWCda6VlhLHRxZc3U3xMZjqQcR4HujLAayEVvKv7ndVMVXnkZ5UmqgJP5ojBlloqtaQ5Wjwogio01wURQfatFBlhgonRaRR2Cs/jyMmnVqs55tXZ3Ua5f53EU0BE6RhXkoEtUR7eogZqIoAf0jF7Rm/FkvBjvxse8dcXIZw7RHxifP9wzk7w=</latexit>

are spinors. a = 1, 2, 3, 4
<latexit sha1_base64="PbMAxYyX0+TqntuzsCqZ6tDd2YY=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4KGW3LehFKHrxWMF+SLuUbJptQ5PskmSFsvRXePGgiFd/jjf/jWm7B219MPB4b4aZeUHMmTau++2srW9sbm3ndvK7e/sHh4Wj45aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh25refqNIskg9mElNf4KFkISPYWOkRX3ulSqlaqvULRbfszoFWiZeRImRo9AtfvUFEEkGlIRxr3fXc2PgpVoYRTqf5XqJpjMkYD2nXUokF1X46P3iKzq0yQGGkbEmD5urviRQLrScisJ0Cm5Fe9mbif143MeGVnzIZJ4ZKslgUJhyZCM2+RwOmKDF8YgkmitlbERlhhYmxGeVtCN7yy6ukVSl71XLlvlas32Rx5OAUzuACPLiEOtxBA5pAQMAzvMKbo5wX5935WLSuOdnMCfyB8/kDS36OxA==</latexit>

Spinors: objects that transform in a certain way so as to keep the Dirac eqn. Lorentz invariant.

Conjugate momentum of spinor: 

⇡(x) =
@L

@(@0 )
= i ̄�0 = i †

<latexit sha1_base64="tAy/dm3ikC5iwb3oysfqgWP/RwE="></latexit>

Expansion of fermion in momentum space solutions of Dirac eqn. 

 (x) =

Z
d3p

(2⇡)3
1p
2Ep

X

s

�
asp u

s(p) e�iP ·x + bs†p vs(p) e+iP ·x�

<latexit sha1_base64="TxywPPsWd4hD0W3lLl/MZmI2z58="></latexit>

us
a(p), vsa(p)

<latexit sha1_base64="Jz9ztGUScS5nkdmDxqt0n7JLF8I=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVQkmqoMuiG5cV7AOaGCbTSTt0Mgkzk0IJ/Qk3/oobF4q4Fdz5N07aLLT1wIXDOfdy7z1BwqhUtv1trKyurW9slrbK2zu7e/vmwWFbxqnApIVjFotugCRhlJOWooqRbiIIigJGOsHoJvc7YyIkjfm9miTEi9CA05BipLTkm1bqowdZzdwIqWEQwmR6ZkHXci04XjKgb1bsmj0DXCZOQSqgQNM3v9x+jNOIcIUZkrLn2InyMiQUxYxMy24qSYLwCA1IT1OOIiK9bPbVFJ5qpQ/DWOjiCs7U3xMZiqScRIHuzG+Ui14u/uf1UhVeeRnlSaoIx/NFYcqgimEeEexTQbBiE00QFlTfCvEQCYSVDrKsQ3AWX14m7XrNOa/V7y4qjesijhI4BiegChxwCRrgFjRBC2DwCJ7BK3gznowX4934mLeuGMXMEfgD4/MH4QydXg==</latexit>

Where                           are spinor solutions of the Dirac eqn. in momentum space 

and                    are the spinor helicities s = 1, 2
<latexit sha1_base64="UZkoDm0LlwfBYVbIm3RLFn5MK5c=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQS9C0YvHCvYD2lA220m7dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6G7qt55QaR7LRzNO0I/oQPKQM2qs1NLkhnjn1V6p7FbcGcgy8XJShhz1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns3Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrz2My6T1KBk80VhKoiJyfR30ucKmRFjSyhT3N5K2JAqyoxNqGhD8BZfXibNasW7qFQfLsu12zyOAhzDCZyBB1dQg3uoQwMYjOAZXuHNSZwX5935mLeuOPnMEfyB8/kDWPqOQw==</latexit> 12
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But now the quantization condition requires anti-commutation !

Equivalent to 

{arp, a
s†
k } = (2⇡)3 �(3)(p� k) �rs {brp, b

s†
k } = (2⇡)3 �(3)(p� k) �rs

<latexit sha1_base64="rOuMYdv+21Zyd3mg3EcMnJ9I6RI="></latexit>

for the particle and anti-particle annihilation and creation operators.

{ a(x, t), 
†
b(x

0, t)} = �(3)(x� x0) �ab
<latexit sha1_base64="jCIn7qhA4u2BemV8nRApuqXkP9w="></latexit>

This is necessary to make the Hamiltonian bounded from below. Otherwise, creating particles lowers H !

•             annihilates fermions or creates  anti-fermions (x)
<latexit sha1_base64="ARkPOVAELOZupGtJYICaxOuJdN8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2AdinZNNuGZrMhyYpl6Y/w4kERr/4eb/4b0+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbudx6p0iwWD2YqqR/hkWAhI9hYqdOXmlWfzgfliltzM6BV4uWkAjmag/JXfxiTJKLCEI617nmuNH6KlWGE01mpn2gqMZngEe1ZKnBEtZ9m587QmVWGKIyVLWFQpv6eSHGk9TQKbGeEzVgve3PxP6+XmPDaT5mQiaGCLBaFCUcmRvPf0ZApSgyfWoKJYvZWRMZYYWJsQiUbgrf88ipp12veRa1+f1lp3ORxFOEETqEKHlxBA+6gCS0gMIFneIU3RzovzrvzsWgtOPnMMfyB8/kDysSPNQ==</latexit>

•             creates  fermions or annihilates anti-fermions   †(x)
<latexit sha1_base64="sgbrbykpjT8kJO48LZ5atoc5huU=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyWpgi6LblxWsA9oYplMJunQyYOZiVhDv8SNC0Xc+inu/BunbRbaeuDC4Zx7ufceL+VMKsv6NlZW19Y3Nktb5e2d3b2KuX/QkUkmCG2ThCei52FJOYtpWzHFaS8VFEcep11vdD31uw9USJbEd2qcUjfCYcwCRrDS0sCsOKlk946Pw5CK2uPpwKxadWsGtEzsglShQGtgfjl+QrKIxopwLGXftlLl5lgoRjidlJ1M0hSTEQ5pX9MYR1S6+ezwCTrRio+CROiKFZqpvydyHEk5jjzdGWE1lIveVPzP62cquHRzFqeZojGZLwoyjlSCpikgnwlKFB9rgolg+lZEhlhgonRWZR2CvfjyMuk06vZZvXF7Xm1eFXGU4AiOoQY2XEATbqAFbSCQwTO8wpvxZLwY78bHvHXFKGYO4Q+Mzx9OcJLa</latexit>

{
<latexit sha1_base64="7jF/axiKQ50qck453cB+aS7CDO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV76Jau7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB5zSjWk=</latexit>

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

13



A consequence of the anti-commutation rule for fermions is Pauli’s Exclusion Principle: 

E.g. consider a two particle state

|1sp 1rki = as†p ar†k |0i
<latexit sha1_base64="yDzbGTYHVm/9aZWH2MU2QT0jSPs=">AAACKnicbVDLSsNAFJ34tr6qLt0MFsGFlEQF3Qg+Ni4V7AOaNtxMb+PQySTMTIQS+z1u/BU3LhRx64c4bYP4OjBw7jn3cueeMBVcG9d9c6amZ2bn5hcWS0vLK6tr5fWNuk4yxbDGEpGoZggaBZdYM9wIbKYKIQ4FNsL+xchv3KHSPJE3ZpBiO4ZI8h5nYKwUlM/uvY4OUurvUa+jgr6vQEYC6QmFTq79LkQRqmGQ+nu2Vl91n967RWtQrrhVdwz6l3gFqZACV0H52e8mLItRGiZA65bnpqadgzKcCRyW/ExjCqwPEbYslRCjbufjU4d0xypd2kuUfdLQsfp9IodY60Ec2s4YzK3+7Y3E/7xWZnrH7ZzLNDMo2WRRLxPUJHSUG+1yhcyIgSXAFLd/pewWFDBj0y3ZELzfJ/8l9f2qd1Ddvz6snJ4XcSyQLbJNdolHjsgpuSRXpEYYeSBP5IW8Oo/Os/PmvE9ap5xiZpP8gPPxCfdXpww=</latexit>

Anti-commutation of the creation operators implies

as†p ar†k = � ar†k as†p
<latexit sha1_base64="ykVk0j2Po1HmrIvxWlR0BodvNB8=">AAACLnicbZDLSsNAFIYnXmu9RV26GSyCCy1JFXQjFEVwWcFeoIlhMpmkQycXZiZCCX0iN76KLgQVcetjOE2D9OIPAz/fOYcz53cTRoU0jHdtYXFpeWW1tFZe39jc2tZ3dlsiTjkmTRyzmHdcJAijEWlKKhnpJJyg0GWk7favR/X2I+GCxtG9HCTEDlEQUZ9iJBVy9Bv0kAnLQ0FA+NBJoHWsAP8DfXgJTxSE0zTvmhhz9IpRNXLBeWMWpgIKNRz91fJinIYkkpghIbqmkUg7Q1xSzMiwbKWCJAj3UUC6ykYoJMLO8nOH8FARD/oxVy+SMKeTExkKhRiEruoMkeyJ2doI/lfrptK/sDMaJakkER4v8lMGZQxH2UGPcoIlGyiDMKfqrxD3EEdYqoTLKgRz9uR506pVzdNq7e6sUr8q4iiBfXAAjoAJzkEd3IIGaAIMnsAL+ACf2rP2pn1p3+PWBa2Y2QNT0n5+AbGXqPM=</latexit>

|1sp 1rki = �|1rk 1spi
<latexit sha1_base64="cqRwu70ymST5J0byHyT7uianFOc=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0VwoSVpBd0IRTcuK9gHNGmYTCft0MkkzEyE0vZD3Pgrblwo4saF4N84TSNo64GBwznncuceP2ZUKsv6MnJLyyura/n1wsbm1vaOubvXkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/uJ76zXsiJI34nRrGxA1Rj9OAYqS05JmVsd2RXgydE2h3hDdwBOI9RiC8hKdwnEozT4d+PM8sWiUrBVwkdkaKIEPNMz+cboSTkHCFGZKybVuxckdIKIoZmRScRJIY4QHqkbamHIVEuqP0uAk80koXBpHQjyuYqr8nRiiUchj6Ohki1Zfz3lT8z2snKrhwR5THiSIczxYFCYMqgtOmYJcKghUbaoKwoPqvEPeRQFjpPgu6BHv+5EXSKJfsSql8e1asXmV15MEBOATHwAbnoApuQA3UAQYP4Am8gFfj0Xg23oz3WTRnZDP74A+Mz292IJ8h</latexit>

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

Which means that if all quantum numbers are the same                                 then(s = r, p = k)
<latexit sha1_base64="xuMH0b3gI1dBccDlqBeBsrwV9fw=">AAACEHicbVDLSsNAFJ34rPUVdelmsIgVSkmqoJtC0Y3LCvYBTSiT6aQdOpmEmYlQQj7Bjb/ixoUibl2682+ctAG19cDAmXPu5d57vIhRqSzry1haXlldWy9sFDe3tnd2zb39tgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88XXmd+6JkDTkd2oSETdAQ059ipHSUt88KUNZFxXoVJwKTJwAqZHnwyiF9Z/fOIWnfbNkVa0p4CKxc1ICOZp989MZhDgOCFeYISl7thUpN0FCUcxIWnRiSSKEx2hIeppyFBDpJtODUnislQH0Q6EfV3Cq/u5IUCDlJPB0ZbajnPcy8T+vFyv/0k0oj2JFOJ4N8mMGVQizdOCACoIVm2iCsKB6V4hHSCCsdIZFHYI9f/Iiadeq9lm1dntealzlcRTAITgCZWCDC9AAN6AJWgCDB/AEXsCr8Wg8G2/G+6x0ych7DsAfGB/fuyGaiA==</latexit>

|1sp 1spi = �|1sp 1spi = 0
<latexit sha1_base64="4O9wlxcj3JFnxUk/m5EOk6V7Yak=">AAACIHicdZDLSsNAFIYn9VbrLerSzWARXGhJqlA3QtGNywr2Ak0Mk+mkHTqZhJmJUGIfxY2v4saFIrrTp3GaZqGtHhj4+P9zOHN+P2ZUKsv6NAoLi0vLK8XV0tr6xuaWub3TklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/vJz47TsiJI34jRrFxA1Rn9OAYqS05Jm1e/tWejF0jmAGjkC8zwiE5/AY/u9Znlm2KlZWcB7sHMogr4Znfji9CCch4QozJGXXtmLlpkgoihkZl5xEkhjhIeqTrkaOQiLdNDtwDA+00oNBJPTjCmbqz4kUhVKOQl93hkgN5Kw3Ef/yuokKztyU8jhRhOPpoiBhUEVwkhbsUUGwYiMNCAuq/wrxAAmElc60pEOwZ0+eh1a1Yp9Uqten5fpFHkcR7IF9cAhsUAN1cAUaoAkweABP4AW8Go/Gs/FmvE9bC0Y+swt+lfH1DWiGoAI=</latexit>

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

State does not exist
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Fermion Number Conservation
From the Dirac eqns. for              and          we know that the fermion current is 

jµ =  ̄�µ 
<latexit sha1_base64="X+o7iQEgNvXkcU0dfI7H1KW2Ijs=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIq6EYounFZwT6gieVmOmnHziRhZiKU0K0bf8WNC0Xc+gfu/BsnbRfaeuDCmXPuZe49QcKZ0o7zbRWWlldW14rrpY3Nre0de3evqeJUEtogMY9lOwBFOYtoQzPNaTuRFETAaSsYXuV+64FKxeLoVo8S6gvoRyxkBLSRuja+v/NEii+wF4DMvESxsdcHISCX82fXLjsVZwK8SNwZKaMZ6l37y+vFJBU00oSDUh3XSbSfgdSMcDoueamiCZAh9GnH0AgEVX42uWSMj4zSw2EsTUUaT9TfExkIpUYiMJ0C9EDNe7n4n9dJdXjuZyxKUk0jMv0oTDnWMc5jwT0mKdF8ZAgQycyumAxAAtEmvJIJwZ0/eZE0qxX3pFK9OS3XLmdxFNEBOkTHyEVnqIauUR01EEGP6Bm9ojfryXqx3q2PaWvBms3soz+wPn8Ak06aRg==</latexit>

and is conserved. I.e.  @µ j
µ = 0

<latexit sha1_base64="RP/mB8hMpip30Ov4ph7uhr4OmTI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYkBVUpBgQapgYSwSfUhNiBzXaU1tJ7IdpCrqwq+wMIAQK5/Bxt/gtBmgcCTLR+fce+17woRRpR3nyyotLC4tr5RXK2vrG5tb9vZOW8WpxKSFYxbLbogUYVSQlqaakW4iCeIhI51wdJX7nQciFY3FrR4nxOdoIGhEMdJGCuw9L0FSU8QCj6fe8f2dueAFdAK76tScKeBf4hakCgo0A/vT68c45URozJBSPddJtJ/lwzEjk4qXKpIgPEID0jNUIE6Un00XmMBDo/RhFEtzhIZT9WdHhrhSYx6aSo70UM17ufif10t1dO5nVCSpJgLPHopSBnUM8zRgn0qCNRsbgrCk5q8QD5FEWJvMKiYEd37lv6Rdr7kntfrNabVxWcRRBvvgABwBF5yBBrgGTdACGEzAE3gBr9aj9Wy9We+z0pJV9OyCX7A+vgGNc5W2</latexit>

 (x)
<latexit sha1_base64="ARkPOVAELOZupGtJYICaxOuJdN8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2AdinZNNuGZrMhyYpl6Y/w4kERr/4eb/4b0+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbudx6p0iwWD2YqqR/hkWAhI9hYqdOXmlWfzgfliltzM6BV4uWkAjmag/JXfxiTJKLCEI617nmuNH6KlWGE01mpn2gqMZngEe1ZKnBEtZ9m587QmVWGKIyVLWFQpv6eSHGk9TQKbGeEzVgve3PxP6+XmPDaT5mQiaGCLBaFCUcmRvPf0ZApSgyfWoKJYvZWRMZYYWJsQiUbgrf88ipp12veRa1+f1lp3ORxFOEETqEKHlxBA+6gCS0gMIFneIU3RzovzrvzsWgtOPnMMfyB8/kDysSPNQ==</latexit>

 ̄(x)
<latexit sha1_base64="4DEIJ8BD1IUZ/umz1GbU13Mx0Tg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2A7lKyabYNzSZLkhXL0p/hxYMiXv013vw3pu0etPXBwOO9GWbmhQln2rjut1NYW9/Y3Cpul3Z29/YPyodHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51wfDvzO49UaSbFg5kkNIjxULCIEWys1PNDrPxEs+rTeb9ccWvuHGiVeDmpQI5mv/zlDyRJYyoM4VjrnucmJsiwMoxwOi35qaYJJmM8pD1LBY6pDrL5yVN0ZpUBiqSyJQyaq78nMhxrPYlD2xljM9LL3kz8z+ulJroOMiaS1FBBFouilCMj0ex/NGCKEsMnlmCimL0VkRFWmBibUsmG4C2/vEra9Zp3UavfX1YaN3kcRTiBU6iCB1fQgDtoQgsISHiGV3hzjPPivDsfi9aCk88cwx84nz/LsZDu</latexit>

Q =

Z
d3x j0(x) =

Z
d3x  ̄(x)�0 (x) =

Z
d3x †(x) (x)

<latexit sha1_base64="c/A3DBQHKEcJQ+0zLzIb04qJtJ0="></latexit>

Q =

Z
d3p

(2⇡)3

X

s

�
as†p asp � bs†p bsp

 
= Nparticles �Nanti�particles

<latexit sha1_base64="mjkjC0EVCJ3SrFLur/gaXot4pQU="></latexit>

Particles have “charge" +1
Anti-particles have “charge" -1

Fermion number {
<latexit sha1_base64="7jF/axiKQ50qck453cB+aS7CDO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV76Jau7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB5zSjWk=</latexit>

is a global charge}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>
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Fermion number conservation comes from a symmetry of the Dirac Lagrangian

L =  ̄(x) (i�µ@µ �m) (x)
<latexit sha1_base64="zeX5wXt+j/pBmjL5pbfWINQ54Qc="></latexit><latexit sha1_base64="zeX5wXt+j/pBmjL5pbfWINQ54Qc="></latexit><latexit sha1_base64="zeX5wXt+j/pBmjL5pbfWINQ54Qc="></latexit><latexit sha1_base64="zeX5wXt+j/pBmjL5pbfWINQ54Qc="></latexit>

L
<latexit sha1_base64="F81Wabf/RulqCxtDqbQSAqgS7sQ=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5iQMugjYVFBPMhyRH2NnvJkt29Y3dPCEd+hY2FIrb+HDv/jXvJFZr4YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOEkVoi0Q8Ut0Aa8qZpC3DDKfdWFEsAk47weQm8ztPVGkWyQczjakv8EiykBFsrPSY9gnm6G5WGpQrbtWdA60SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/XR+8AydWWWIwkjZkgbN1d8TKRZaT0VgOwU2Y73sZeJ/Xi8x4ZWfMhknhkqyWBQmHJkIZd+jIVOUGD61BBPF7K2IjLHCxNiMshC85ZdXSbtW9S6qtft6pXGdx1GEEziFc/DgEhpwC01oAQEBz/AKb45yXpx352PRWnDymWP4A+fzB+nqj9I=</latexit>

is invariant under the symmetry transformations

 (x) �! ei↵  (x)
<latexit sha1_base64="59Vw3yQ5WBzeotCl8JJ9+dw/ZoA=">AAACFHicbVBNSwMxFMz6bf1a9eglWISKUnaroEfRi8cKtgrdtbxN020wmyxJVi1Lf4QX/4oXD4p49eDNf2Na96DVgcAwM4+XN1HKmTae9+lMTE5Nz8zOzZcWFpeWV9zVtaaWmSK0QSSX6jICTTkTtGGY4fQyVRSSiNOL6Ppk6F/cUKWZFOemn9IwgViwLiNgrNR2d4JUs8rddsCliBWLewaUkreYXuUsAJ72YBDsFpm2W/aq3gj4L/ELUkYF6m33I+hIkiVUGMJB65bvpSbMQRlGOB2UgkzTFMg1xLRlqYCE6jAfHTXAW1bp4K5U9gmDR+rPiRwSrftJZJMJmJ4e94bif14rM93DMGcizQwV5HtRN+PYSDxsCHeYosTwviVAFLN/xaQHCoixPZZsCf74yX9Js1b196q1s/3y0XFRxxzaQJuognx0gI7QKaqjBiLoHj2iZ/TiPDhPzqvz9h2dcIqZdfQLzvsX+fSewg==</latexit>

 ̄(x) �! e�i↵  ̄(x)
<latexit sha1_base64="5b0i6LDm9KFMyqhnrMqTTTSNkfg=">AAACIXicbVDLSgMxFM3UV62vqks3wSJU0DJTBbssunFZwT6gU8udNG1DM8mQZNQy9Ffc+CtuXCjSnfgzpo+FVg8EDuecy809QcSZNq776aSWlldW19LrmY3Nre2d7O5eTctYEVolkkvVCEBTzgStGmY4bUSKQhhwWg8GVxO/fk+VZlLcmmFEWyH0BOsyAsZK7Wwp8QNQfqTZKP947HMpeor1+gaUkg+Y3iWnzAce9WHkn/yKtrM5t+BOgf8Sb05yaI5KOzv2O5LEIRWGcNC66bmRaSWgDCOcjjJ+rGkEZAA92rRUQEh1K5leOMJHVungrlT2CYOn6s+JBEKth2FgkyGYvl70JuJ/XjM23VIrYSKKDRVktqgbc2wkntSFO0xRYvjQEiCK2b9i0gcFxNhSM7YEb/Hkv6RWLHhnheLNea58Oa8jjQ7QIcojD12gMrpGFVRFBD2hF/SG3p1n59X5cMazaMqZz+yjX3C+vgHSTqSD</latexit>

}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>

With         a real constant↵
<latexit sha1_base64="+wSBPeL8nxBdvzPXA2qswhGhfpg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AIzPjxw=</latexit>

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

This is a Global Symmetry

When        is a function of the spacetime point       ,  i.e.             , the symmetry becomes local or “gauged".    ↵
<latexit sha1_base64="+wSBPeL8nxBdvzPXA2qswhGhfpg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJq1b1Lqq1+8tK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AIzPjxw=</latexit>

↵(x)
<latexit sha1_base64="DY3w+BcantksKbqeUt+mNuTbQqI=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzHBhtyhiZZEG0tMBIxwIXPLHmzY27vs7hkJ4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IBFcG9f9dnIrq2vrG/nNwtb2zu5ecf+gqeNUUdagsYjVfYCaCS5Zw3Aj2H2iGEaBYK1geD31W49MaR7LOzNKmB9hX/KQUzRWeuigSAZYfjol3WLJrbgzkGXiZaQEGerd4lenF9M0YtJQgVq3PTcx/hiV4VSwSaGTapYgHWKftS2VGDHtj2cXT8iJVXokjJUtachM/T0xxkjrURTYzgjNQC96U/E/r52a8NIfc5mkhkk6XxSmgpiYTN8nPa4YNWJkCVLF7a2EDlAhNTakgg3BW3x5mTSrFe+sUr09L9WusjjycATHUAYPLqAGN1CHBlCQ8Ayv8OZo58V5dz7mrTknmzmEP3A+fwCM7pAt</latexit>

xµ
<latexit sha1_base64="f5LypaVHMLENNfqHnNbGX0URgjM=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiiR6JXjxi4gIJrKRbutDQdjdt10g2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc38z89iNVmsXy3kwSGgg8lCxiBBsr+U8PPZH2yxW36s6BVomXkwrkaPbLX71BTFJBpSEca9313MQEGVaGEU6npV6qaYLJGA9p11KJBdVBNj92is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eNzXRVZAxmaSGSrJYFKUcmRjNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpFWrehfV2l290rjO4yjCCZzCOXhwCQ24hSb4QIDBM7zCmyOdF+fd+Vi0Fpx85hj+wPn8Ae/fjsQ=</latexit>
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Interactions and Perturbation Theory
Quadratic terms in the fields associated with propagation
Terms with 3 or more fields Interactions

Example: Real scalar with self interactions 

L =
1

2
@µ�@

µ�� 1

2
m2�2 � �

4!
�4

<latexit sha1_base64="GgSVge9BebKpKhOWI0qbA9XJKtk="></latexit>

Lint. = � �

4!
�4

<latexit sha1_base64="JwJa9X8KqMj+xIanSDCbimMsmCk=">AAACGXicbVC7TsMwFHV4lvIKMLIYKiQWqqRUggWpgoWBoUj0ITUhchynteo4ke0gVVF+g4VfYWEAIUaY+BvcNgO0HOlKR+fca997/IRRqSzr21hYXFpeWS2tldc3Nre2zZ3dtoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84dXY7zwQIWnM79QoIW6E+pyGFCOlJc+0MgcjBm9yL3NEBClX1RxewBPohALhzGH6qQDlWf0gd5IBva97ZsWqWhPAeWIXpAIKND3z0wlinEaEK8yQlD3bSpSbIaEoZiQvO6kkCcJD1Cc9TTmKiHSzyWU5PNJKAMNY6OIKTtTfExmKpBxFvu6MkBrIWW8s/uf1UhWeuxnlSaoIx9OPwpRBFcNxTDCggmDFRpogLKjeFeIB0pEoHWZZh2DPnjxP2rWqfVqt3dYrjcsijhLYB4fgGNjgDDTANWiCFsDgETyDV/BmPBkvxrvxMW1dMIqZPfAHxtcP5ryfnQ==</latexit>

or

Other examples:

Lint. = �g  ̄ �
<latexit sha1_base64="abhurYV9Dl+x0Ygg8mNqZb1e43Y=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0UQ1JJUQTdC0Y0LFxXsA5oQJtNJO3QyCTMToYR8hBt/xY0LRdy6cOffOGmz0NYDFw7n3Mu99/gxo1JZ1rdRWlhcWl4pr1bW1jc2t8ztnbaMEoFJC0csEl0fScIoJy1FFSPdWBAU+ox0/NF17nceiJA04vdqHBM3RANOA4qR0pJnHqUORgzeZl7qiBBSrmoZvIQnA+fY8ZFwYknzgk48pJ5ZtWrWBHCe2AWpggJNz/xy+hFOQsIVZkjKnm3Fyk2RUBQzklWcRJIY4REakJ6mHIVEuunkqQweaKUPg0jo4gpO1N8TKQqlHIe+7gyRGspZLxf/83qJCi7clPI4UYTj6aIgYVBFME8I9qkgWLGxJggLqm+FeIgEwkrnWNEh2LMvz5N2vWaf1up3Z9XGVRFHGeyBfXAIbHAOGuAGNEELYPAInsEreDOejBfj3fiYtpaMYmYX/IHx+QM6j52v</latexit>

Lint. = �eAµ ̄�
µ 

<latexit sha1_base64="Qw6tjYXAQnoMpXcQibbsB7kkG9U=">AAACHnicbVDLSgMxFM3Ud31VXboJFsGFlhkf6EbwsXHhooJthaYOd9K0DSaZIckIZeiXuPFX3LhQRHClf2P6WGj1wIWTc+4l954oEdxY3//ychOTU9Mzs3P5+YXFpeXCymrVxKmmrEJjEeubCAwTXLGK5Vawm0QzkJFgtejuvO/X7pk2PFbXtpuwhoS24i1OwTopLBxkhILAl70wI1pirmyph4/xDiPbpyGRKYlAk8Rw0gYp4bavuFdYKPolfwD8lwQjUkQjlMPCB2nGNJVMWSrAmHrgJ7aRgbacCtbLk9SwBOgdtFndUQWSmUY2OK+HN53SxK1Yu1IWD9SfExlIY7oycp0SbMeMe33xP6+e2tZRI+MqSS1TdPhRKxXYxrifFW5yzagVXUeAau52xbQDGqh1ieZdCMH4yX9JdbcU7JV2r/aLJ2ejOGbROtpAWyhAh+gEXaAyqiCKHtATekGv3qP37L1578PWnDeaWUO/4H1+A5HJoi0=</latexit>

Fermion-scalar (Yukawa) 

Fermion-Gauge Boson (QED)
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From Correlation Functions to Amplitudes

N-point Correlation Functions 

G(n)(x1, · · · , xn) = h0|T�(x1) · · ·�(xn)|0i
<latexit sha1_base64="oAg1x9d50+3giGC6+2OoX7u8/PE="></latexit>

contain all the information of a Quantum Field Theory

We can relate them to the momentum space amplitude for a given process  by the LSZ formula 

with                                  a differential operator acting on the external spacetime positionsOp(x1, · · · , xn)
<latexit sha1_base64="rLVYsqUiZAIwMnV4tbQ9vxlYo0M=">AAACA3icbVDLSsNAFJ34rPUVdaebwSJUKCWpgi6LbtxZwT6gCWEymbRDJ5MwM5GWUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ4xKZVnfxtLyyuraemGjuLm1vbNr7u23ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO0Prid++4EISWN+r0YJcSPU4zSkGCkteeYhzByMGLwdJ+WhZ1ccHMRKVoYeP/XMklW1poCLxM5JCeRoeOaXE8Q4jQhXmCEpu7aVKDdDQlHMyLjopJIkCA9Qj3Q15Sgi0s2mP4zhiVYCGMZCF1dwqv6eyFAk5SjydWeEVF/OexPxP6+bqvDSzShPUkU4ni0KUwZVDCeBwIAKghUbaYKwoPpWiPtIIKx0bEUdgj3/8iJp1ar2WbV2d16qX+VxFMAROAZlYIMLUAc3oAGaAINH8AxewZvxZLwY78bHrHXJyGcOwB8Ynz9Fk5al</latexit>

and depending on the appropriate equations of motion operators.

Afi(p1, . . . , pn) = Op(x1, · · · , xn)⇥G(n)(x1, . . . , xn)
<latexit sha1_base64="C48B5bRTMg7K/jKrvDv7MioDEcs="></latexit>
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Perturbation Theory

So to implement the calculation of the correlation functions need to implement a controlled approximation 

• In the absence of interactions all correlation functions can be computed exactly  
They are products of propagators (2-point correlation functions) with the internal positions integrated over
In the functional integral approach, this can be understood as a result of the integrability of quadratic forms 

•But interactions involve more than 2 powers of the field ! 

G(n)(x1, . . . , xn) = N

Z
D� ei

R
d4x{L0+Lint.} �(x1)...�(xn)

<latexit sha1_base64="C/X9gh1CuYzvvqmHyGUVQ27O4fQ="></latexit><latexit sha1_base64="C/X9gh1CuYzvvqmHyGUVQ27O4fQ="></latexit><latexit sha1_base64="C/X9gh1CuYzvvqmHyGUVQ27O4fQ="></latexit><latexit sha1_base64="C/X9gh1CuYzvvqmHyGUVQ27O4fQ="></latexit>

G(n)(x1, . . . , xn) = N

Z
D� ei

R
d4xL0 �(x1) . . .�(xn) ⇥

✓
1 + i

Z
d4yLint.[�(y)] + . . .

◆
,

<latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit><latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit><latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1vAQ/NUnEbepEGBgcKT15dVvCCM="></latexit><latexit sha1_base64="1vAQ/NUnEbepEGBgcKT15dVvCCM="></latexit><latexit sha1_base64="5UrWt2vqbF8/NyFn28qx7SCHrx4="></latexit><latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit><latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit><latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit><latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit><latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit><latexit sha1_base64="IGCtwQcBS4eXTPllEqSG8r+UvyI="></latexit>

Each additional power of              corresponds to another power of the coupling constantLint.
<latexit sha1_base64="tmT8I8+f/itzev4BnixsSy51mK4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiQi6LLoxoWLCvYBTQiT6aQdOjMJMxMhhPgrblwo4tYPceffOG2z0NYDFw7n3Mu990Qpo0q77rdVW1vf2Nyqbzd2dvf2D+zDo55KMolJFycskYMIKcKoIF1NNSODVBLEI0b60fRm5vcfiVQ0EQ86T0nA0VjQmGKkjRTazcLHiMG7Mix8ySEV2ilDu+U67hxwlXgVaYEKndD+8kcJzjgRGjOk1NBzUx0USGqKGSkbfqZIivAUjcnQUIE4UUExP76Ep0YZwTiRpoSGc/X3RIG4UjmPTCdHeqKWvZn4nzfMdHwVFFSkmSYCLxbFGYM6gbMk4IhKgjXLDUFYUnMrxBMkEdYmr4YJwVt+eZX0zh3Pdbz7i1b7uoqjDo7BCTgDHrgEbXALOqALMMjBM3gFb9aT9WK9Wx+L1ppVzTTBH1ifP0fTlIQ=</latexit><latexit sha1_base64="tmT8I8+f/itzev4BnixsSy51mK4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiQi6LLoxoWLCvYBTQiT6aQdOjMJMxMhhPgrblwo4tYPceffOG2z0NYDFw7n3Mu990Qpo0q77rdVW1vf2Nyqbzd2dvf2D+zDo55KMolJFycskYMIKcKoIF1NNSODVBLEI0b60fRm5vcfiVQ0EQ86T0nA0VjQmGKkjRTazcLHiMG7Mix8ySEV2ilDu+U67hxwlXgVaYEKndD+8kcJzjgRGjOk1NBzUx0USGqKGSkbfqZIivAUjcnQUIE4UUExP76Ep0YZwTiRpoSGc/X3RIG4UjmPTCdHeqKWvZn4nzfMdHwVFFSkmSYCLxbFGYM6gbMk4IhKgjXLDUFYUnMrxBMkEdYmr4YJwVt+eZX0zh3Pdbz7i1b7uoqjDo7BCTgDHrgEbXALOqALMMjBM3gFb9aT9WK9Wx+L1ppVzTTBH1ifP0fTlIQ=</latexit><latexit sha1_base64="tmT8I8+f/itzev4BnixsSy51mK4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiQi6LLoxoWLCvYBTQiT6aQdOjMJMxMhhPgrblwo4tYPceffOG2z0NYDFw7n3Mu990Qpo0q77rdVW1vf2Nyqbzd2dvf2D+zDo55KMolJFycskYMIKcKoIF1NNSODVBLEI0b60fRm5vcfiVQ0EQ86T0nA0VjQmGKkjRTazcLHiMG7Mix8ySEV2ilDu+U67hxwlXgVaYEKndD+8kcJzjgRGjOk1NBzUx0USGqKGSkbfqZIivAUjcnQUIE4UUExP76Ep0YZwTiRpoSGc/X3RIG4UjmPTCdHeqKWvZn4nzfMdHwVFFSkmSYCLxbFGYM6gbMk4IhKgjXLDUFYUnMrxBMkEdYmr4YJwVt+eZX0zh3Pdbz7i1b7uoqjDo7BCTgDHrgEbXALOqALMMjBM3gFb9aT9WK9Wx+L1ppVzTTBH1ifP0fTlIQ=</latexit><latexit sha1_base64="tmT8I8+f/itzev4BnixsSy51mK4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgKiQi6LLoxoWLCvYBTQiT6aQdOjMJMxMhhPgrblwo4tYPceffOG2z0NYDFw7n3Mu990Qpo0q77rdVW1vf2Nyqbzd2dvf2D+zDo55KMolJFycskYMIKcKoIF1NNSODVBLEI0b60fRm5vcfiVQ0EQ86T0nA0VjQmGKkjRTazcLHiMG7Mix8ySEV2ilDu+U67hxwlXgVaYEKndD+8kcJzjgRGjOk1NBzUx0USGqKGSkbfqZIivAUjcnQUIE4UUExP76Ep0YZwTiRpoSGc/X3RIG4UjmPTCdHeqKWvZn4nzfMdHwVFFSkmSYCLxbFGYM6gbMk4IhKgjXLDUFYUnMrxBMkEdYmr4YJwVt+eZX0zh3Pdbz7i1b7uoqjDo7BCTgDHrgEbXALOqALMMjBM3gFb9aT9WK9Wx+L1ppVzTTBH1ifP0fTlIQ=</latexit>

The functional integrals weighted by         result in products of propagators! (Wick’s theorem) L0
<latexit sha1_base64="TqOSHCffk2tg3VlQA9OV1U7Hfy0=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIigvnA5Ah7m7lkyd7esbsnhCP/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWD2aSoB/RoeQhZ9RY6THrMSrI3bTv9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+YXT8mZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZu+TAVfIjJhYQpni9lbCRlRRZmxIJRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHW2hAExhIeIZXeHO08+K8Ox+L1oKTzxzDHzifP9qCkF0=</latexit><latexit sha1_base64="TqOSHCffk2tg3VlQA9OV1U7Hfy0=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIigvnA5Ah7m7lkyd7esbsnhCP/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWD2aSoB/RoeQhZ9RY6THrMSrI3bTv9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+YXT8mZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZu+TAVfIjJhYQpni9lbCRlRRZmxIJRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHW2hAExhIeIZXeHO08+K8Ox+L1oKTzxzDHzifP9qCkF0=</latexit><latexit sha1_base64="TqOSHCffk2tg3VlQA9OV1U7Hfy0=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIigvnA5Ah7m7lkyd7esbsnhCP/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWD2aSoB/RoeQhZ9RY6THrMSrI3bTv9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+YXT8mZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZu+TAVfIjJhYQpni9lbCRlRRZmxIJRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHW2hAExhIeIZXeHO08+K8Ox+L1oKTzxzDHzifP9qCkF0=</latexit><latexit sha1_base64="TqOSHCffk2tg3VlQA9OV1U7Hfy0=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXQxsIigvnA5Ah7m7lkyd7esbsnhCP/wsZCEVv/jZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8c3Mbz+h0jyWD2aSoB/RoeQhZ9RY6THrMSrI3bTv9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+YXT8mZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZu+TAVfIjJhYQpni9lbCRlRRZmxIJRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHW2hAExhIeIZXeHO08+K8Ox+L1oKTzxzDHzifP9qCkF0=</latexit>
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Example:  4 point function in Lint. = � �

4!
�4

<latexit sha1_base64="iQfCw/3Dnv7LbhIJCaIG/eVUcPg=">AAACGHicbVC7TsMwFHXKq5RXgJHFUCGxUBJUCRakChYGhiLRh9SEyHGc1qrjRLaDVEX5DBZ+hYUBhFi78Te4bQZoOdKVjs651773+AmjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29toxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84c3E7zwRIWnMH9QoIW6E+pyGFCOlJc88yxyMGLzLvcwREaRc1XJ4BU+dUCCcOUy/FKA8qx/mTjKgj3XPrFo1awq4SOyCVEGBpmeOnSDGaUS4wgxJ2bOtRLkZEopiRvKKk0qSIDxEfdLTlKOISDebHpbDY60EMIyFLq7gVP09kaFIylHk684IqYGc9ybif14vVeGlm1GepIpwPPsoTBlUMZykBAMqCFZspAnCgupdIR4gHYnSWVZ0CPb8yYukfV6zrZp9X682ros4yuAAHIETYIML0AC3oAlaAINn8ArewYfxYrwZn8bXrLVkFDP74A+M8Q+Eyp9v</latexit><latexit sha1_base64="iQfCw/3Dnv7LbhIJCaIG/eVUcPg=">AAACGHicbVC7TsMwFHXKq5RXgJHFUCGxUBJUCRakChYGhiLRh9SEyHGc1qrjRLaDVEX5DBZ+hYUBhFi78Te4bQZoOdKVjs651773+AmjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29toxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84c3E7zwRIWnMH9QoIW6E+pyGFCOlJc88yxyMGLzLvcwREaRc1XJ4BU+dUCCcOUy/FKA8qx/mTjKgj3XPrFo1awq4SOyCVEGBpmeOnSDGaUS4wgxJ2bOtRLkZEopiRvKKk0qSIDxEfdLTlKOISDebHpbDY60EMIyFLq7gVP09kaFIylHk684IqYGc9ybif14vVeGlm1GepIpwPPsoTBlUMZykBAMqCFZspAnCgupdIR4gHYnSWVZ0CPb8yYukfV6zrZp9X682ros4yuAAHIETYIML0AC3oAlaAINn8ArewYfxYrwZn8bXrLVkFDP74A+M8Q+Eyp9v</latexit><latexit sha1_base64="iQfCw/3Dnv7LbhIJCaIG/eVUcPg=">AAACGHicbVC7TsMwFHXKq5RXgJHFUCGxUBJUCRakChYGhiLRh9SEyHGc1qrjRLaDVEX5DBZ+hYUBhFi78Te4bQZoOdKVjs651773+AmjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29toxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84c3E7zwRIWnMH9QoIW6E+pyGFCOlJc88yxyMGLzLvcwREaRc1XJ4BU+dUCCcOUy/FKA8qx/mTjKgj3XPrFo1awq4SOyCVEGBpmeOnSDGaUS4wgxJ2bOtRLkZEopiRvKKk0qSIDxEfdLTlKOISDebHpbDY60EMIyFLq7gVP09kaFIylHk684IqYGc9ybif14vVeGlm1GepIpwPPsoTBlUMZykBAMqCFZspAnCgupdIR4gHYnSWVZ0CPb8yYukfV6zrZp9X682ros4yuAAHIETYIML0AC3oAlaAINn8ArewYfxYrwZn8bXrLVkFDP74A+M8Q+Eyp9v</latexit><latexit sha1_base64="iQfCw/3Dnv7LbhIJCaIG/eVUcPg=">AAACGHicbVC7TsMwFHXKq5RXgJHFUCGxUBJUCRakChYGhiLRh9SEyHGc1qrjRLaDVEX5DBZ+hYUBhFi78Te4bQZoOdKVjs651773+AmjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29toxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84c3E7zwRIWnMH9QoIW6E+pyGFCOlJc88yxyMGLzLvcwREaRc1XJ4BU+dUCCcOUy/FKA8qx/mTjKgj3XPrFo1awq4SOyCVEGBpmeOnSDGaUS4wgxJ2bOtRLkZEopiRvKKk0qSIDxEfdLTlKOISDebHpbDY60EMIyFLq7gVP09kaFIylHk684IqYGc9ybif14vVeGlm1GepIpwPPsoTBlUMZykBAMqCFZspAnCgupdIR4gHYnSWVZ0CPb8yYukfV6zrZp9X682ros4yuAAHIETYIML0AC3oAlaAINn8ArewYfxYrwZn8bXrLVkFDP74A+M8Q+Eyp9v</latexit>
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+ + … connected

disconnected
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LSZ Formalism takes us to Amplitudes in Momentum Space (See I.L12)

+ + …



Feynman Rules in Perturbation Theory

Contributions to amplitudes computed to a given order in perturbation theory

(Small) coupling expansion and loop         expansion(~)
<latexit sha1_base64="FpnBc4osnFeAVykmVf0ApmH/QZc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hY6bHaHwdYofPSoFxxa+4caJV4OalAjuag/NUfRiQRVBrCsdY9z42Nn2JlGOF0VuonmsaYTPCI9iyVWFDtp/ODZ+jMKkMURsqWNGiu/p5IsdB6KgLbKbAZ62UvE//zeokJr/2UyTgxVJLFojDhyEQo+x4NmaLE8KklmChmb0VkjBUmxmaUheAtv7xK2vWad1Gr319WGjd5HEU4gVOoggdX0IA7aEILCAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/HHuPTA==</latexit>

In momentum space: 

•Draw all diagrams contributing to the process up to the desired order in PT

• Insert a factor of the coupling at each vertex (scalar theories). Typically the correct normalization   
comes from         up to combinatoric factors. E.g.  iL

<latexit sha1_base64="OQN4p7GvB6fC8/Z9/88KSfSkCv8=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOHCOYhyRJmJ7PJkHksM7NCWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2THlnWJZiju0mvVPYr/gxomQQ5KUOOeq/01e0rkgoqLeHYmE7gJzbMsLaMcDopdlNDE0xGeEA7jkosqAmz2cETdOqUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq6EILFl5dJs1oJzivV+4ty7TqPowDHcAJnEMAl1OAW6tAAAgKe4RXePO29eO/ex7x1xctnjuAPvM8fek2QMQ==</latexit>

i�
<latexit sha1_base64="qw8uPaQCSr397qoJg/CCD6O8EwA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHhkacBsO8bBac+tuDrRKvILUoEBrWP0ahDFJBZWGcKx133MT42dYGUY4nVUGqaYJJhM8on1LJRZU+1m+8AydWSVEUazskwbl6u+JDAutpyKwSYHNWC97c/E/r5+a6NrPmExSQyVZfBSlHJkYza9HIVOUGD61BBPF7K6IjLHCxNiOKrYEb/nkVdJp1L2LeuP+sta8Keoowwmcwjl4cAVNuIMWtIGAgGd4hTdHOS/Ou/OxiJacYuYY/sD5/AFb0JAe</latexit>

•Momentum conservation at each vertex results in  overall factor of (2⇡)4 �(4)(p3 . . . pn � pi)
<latexit sha1_base64="M7JahNDumeDXMNsPph9zzmLIEr0=">AAACFHicbVDLSgMxFM34tr6qLt0Ei9Cilpm2oEvRjcsKVguddsikGQ3NZEJyRyhDP8KNv+LGhSJuXbjzb0zbWfg6kHA4596b3BMqwQ247qczMzs3v7C4tFxYWV1b3yhubl2ZJNWUtWgiEt0OiWGCS9YCDoK1lWYkDgW7DgdnY//6jmnDE3kJQ8W6MbmRPOKUgJWC4n655ite6TX8A7/PBJBeVm5URmUV1LHfT8BgFUh8aG9eCYolt+pOgP8SLycllKMZFD/sCJrGTAIVxJiO5yroZkQDp4KNCn5qmCJ0QG5Yx1JJYma62WSpEd6zSh9HibZHAp6o3zsyEhszjENbGRO4Nb+9sfif10khOu5mXKoUmKTTh6JUYEjwOCHc55pREENLCNXc/hXTW6IJBZtjwYbg/V75L7mqVb16tXbRKJ2c5nEsoR20i8rIQ0foBJ2jJmohiu7RI3pGL86D8+S8Om/T0hkn79lGP+C8fwGEOZv7</latexit>

(Reflects the fact that interactions are local !) 

•Loop integration: for each undetermined momentum p
µ

<latexit sha1_base64="l68D5/JaebhHcb+gX5FRLYEqsTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+cljX6SDas2tuznQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI8mNn6MwqQxTFypY0KFd/T2RYaD0Voe0U2Iz1sjcX//N6qYmug4zJJDVUksWiKOXIxGj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Ubdu6g37i9rzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8f45+OvA==</latexit>

add a factor of 
Z

d4p

(2⇡)4
<latexit sha1_base64="iec/jgn7I7RU7sIgzezEGQHtE+k=">AAACA3icbVDLSsNAFJ34rPUVdaebwSLUTUlqQZdFNy4r2Ac0aZlMJu3QyWSYmQglFNz4K25cKOLWn3Dn3zhts9DWAxcO59zLvfcEglGlHefbWlldW9/YLGwVt3d29/btg8OWSlKJSRMnLJGdACnCKCdNTTUjHSEJigNG2sHoZuq3H4hUNOH3eiyIH6MBpxHFSBupbx97lGvoRRLhLOzVxCQrVz1Bz3u1Sd8uORVnBrhM3JyUQI5G3/7ywgSnMeEaM6RU13WE9jMkNcWMTIpeqohAeIQGpGsoRzFRfjb7YQLPjBLCKJGmzEUz9fdEhmKlxnFgOmOkh2rRm4r/ed1UR1d+RrlINeF4vihKGdQJnAYCQyoJ1mxsCMKSmlshHiKThzaxFU0I7uLLy6RVrbgXlepdrVS/zuMogBNwCsrABZegDm5BAzQBBo/gGbyCN+vJerHerY9564qVzxyBP7A+fwD0+ZcS</latexit>

•Divide by the appropriate symmetry factors

(1 loop diagrams have 1 of these, 2 have 2, etc.)
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•Propagators: 
- For each internal scalar line of momentum  pµ

<latexit sha1_base64="l68D5/JaebhHcb+gX5FRLYEqsTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+cljX6SDas2tuznQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI8mNn6MwqQxTFypY0KFd/T2RYaD0Voe0U2Iz1sjcX//N6qYmug4zJJDVUksWiKOXIxGj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Ubdu6g37i9rzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8f45+OvA==</latexit>

i

p2 �m2
<latexit sha1_base64="otV2SPAGklf5A92KXywJkk0DTW0=">AAAB+nicbVBNS8NAEJ34WetXqkcvwSJ4sSRV0GPRi8cK9gPatGy2m3bp7ibsbpQS81O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IGZUadf9tlZW19Y3Ngtbxe2d3b19u3TQVFEiMWngiEWyHSBFGBWkoalmpB1LgnjASCsY30z91gORikbiXk9i4nM0FDSkGGkj9e1SN5QIpzRL4171jPeqWd8uuxV3BmeZeDkpQ4563/7qDiKccCI0ZkipjufG2k+R1BQzkhW7iSIxwmM0JB1DBeJE+ens9Mw5McrACSNpSmhnpv6eSBFXasID08mRHqlFbyr+53USHV75KRVxoonA80VhwhwdOdMcnAGVBGs2MQRhSc2tDh4hk4U2aRVNCN7iy8ukWa1455Xq3UW5dp3HUYAjOIZT8OASanALdWgAhkd4hld4s56sF+vd+pi3rlj5zCH8gfX5AwJHk9Q=</latexit>

- For each internal fermion line
i

/p�m
<latexit sha1_base64="Z/PtHASfsBOCT+BRODO4qyaYE/U=">AAACDHicbVC9TsMwGHTKXyl/BUYWiwqJpVFSkOhYwcJYJPojNVHluE5j1XYi20GqojwAC6/CwgBCrDwAG2+D22aAlpMsne7us/1dkDCqtON8W6W19Y3NrfJ2ZWd3b/+genjUVXEqMengmMWyHyBFGBWko6lmpJ9IgnjASC+Y3Mz83gORisbiXk8T4nM0FjSkGGkjDas1L5QIZzTPPMWQiqAXqQlN6o7tNjGHCazz3KQc25kDrhK3IDVQoD2sfnmjGKecCI3NpWrgOon2MyQ1xYzkFS9VJEF4gsZkYKhAnCg/my+TwzOjjGAYS3OEhnP190SGuFJTHpgkRzpSy95M/M8bpDps+hkVSaqJwIuHwpRBHcNZM3BEJcGaTQ1BWFLzV4gjZNrRpr+KKcFdXnmVdBu2e2E37i5rreuijjI4AafgHLjgCrTALWiDDsDgETyDV/BmPVkv1rv1sYiWrGLmGPyB9fkDV3eafg==</latexit>

- For each gauge boson internal line �igµ⌫
p2

⇥ (gauge dep. factors)
<latexit sha1_base64="gcMN2yLFxvw5bih3doEuJ/g5aYI="></latexit>

•External fermion of momentum      :pµ
<latexit sha1_base64="l68D5/JaebhHcb+gX5FRLYEqsTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+cljX6SDas2tuznQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI8mNn6MwqQxTFypY0KFd/T2RYaD0Voe0U2Iz1sjcX//N6qYmug4zJJDVUksWiKOXIxGj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Ubdu6g37i9rzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8f45+OvA==</latexit>

for each incoming (outgoing) anti-fermion� v̄s(p) (vs(p))
<latexit sha1_base64="4512S7JDrat9b4C53rIsvezHlgA=">AAACBHicbZC7SgNBFIbPxluMt1XLNINBSArDbhS0DNpYRjAXSNYwO5kkQ2YvzMwGwpKAja9iY6GIrQ9h59s42WyhiT8MfPznHM6c3w05k8qyvo3M2vrG5lZ2O7ezu7d/YB4eNWQQCULrJOCBaLlYUs58WldMcdoKBcWey2nTHd3M680xFZIF/r2ahNTx8MBnfUaw0lbXzJ+hWdxxsUDj6YMshiWEZsVxQqWuWbDKViK0CnYKBUhV65pfnV5AIo/6inAsZdu2QuXEWChGOJ3mOpGkISYjPKBtjT72qHTi5IgpOtVOD/UDoZ+vUOL+noixJ+XEc3Wnh9VQLtfm5n+1dqT6V07M/DBS1CeLRf2IIxWgeSKoxwQlik80YCKY/isiQywwUTq3nA7BXj55FRqVsn1ertxdFKrXaRxZyMMJFMGGS6jCLdSgDgQe4Rle4c14Ml6Md+Nj0Zox0plj+CPj8wfg5JZQ</latexit>

� us(p) (ūs(p))
<latexit sha1_base64="iv6QiJlIj7yuEN6KLoAOXzBP8Qc=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHahSWpgi6LblxWsA9oY5lMJ+3QySTMQyihBTf+ihsXirj1I9z5N07TLLT1wIXDOfdy7z1+zKhUjvNtrayurW9s5rby2zu7e/v2wWFTRlpg0sARi0TbR5IwyklDUcVIOxYEhT4jLX90PfNbD0RIGvE7NY6JF6IBpwHFSBmpZxdO4VTfy1JchnBaSro+ElBPUqHcs4tOxUkBl4mbkSLIUO/ZX91+hHVIuMIMSdlxnVh5CRKKYkYm+a6WJEZ4hAakYyhHIZFekj4xgSdG6cMgEqa4gqn6eyJBoZTj0DedIVJDuejNxP+8jlbBpZdQHmtFOJ4vCjSDKoKzRGCfCoIVGxuCsKDmVoiHSCCsTG55E4K7+PIyaVYr7lmlenterF1lceRAARyDEnDBBaiBG1AHDYDBI3gGr+DNerJerHfrY966YmUzR+APrM8f16aWTg==</latexit>

for each incoming (outgoing) fermion

•Multiply by (-1) each closed fermion loop (consequence of anti-commutation rules)
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•External gauge boson of momentum       : pµ
<latexit sha1_base64="l68D5/JaebhHcb+gX5FRLYEqsTQ=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48VTFtoY9lsN+3S3U3Y3Qgl9Dd48aCIV3+QN/+N2zQHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M79zhNVmsXywUwTGgg8kixiBBsr+cljX6SDas2tuznQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggw8owwums0k81TTCZ4BHtWSqxoDrI8mNn6MwqQxTFypY0KFd/T2RYaD0Voe0U2Iz1sjcX//N6qYmug4zJJDVUksWiKOXIxGj+ORoyRYnhU0swUczeisgYK0yMzadiQ/CWX14l7Ubdu6g37i9rzZsijjKcwCmcgwdX0IQ7aIEPBBg8wyu8OdJ5cd6dj0VrySlmjuEPnM8f45+OvA==</latexit>

- Factor of the polarization ✏µ(p)
<latexit sha1_base64="68s/SjxIpPUYn2g51m/aQACVi64=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZSkCrosunFZwT6giWUynbRDJ5NhHkIN/RI3LhRx66e482+ctllo64ELh3Pu5d57IsGo0p737RTW1jc2t4rbpZ3dvf2ye3DYVqmRmLRwylLZjZAijHLS0lQz0hWSoCRipBONb2Z+55FIRVN+ryeChAkachpTjLSV+m45IEJRlvKHIDFVcdZ3K17NmwOuEj8nFZCj2Xe/gkGKTUK4xgwp1fM9ocMMSU0xI9NSYBQRCI/RkPQs5SghKszmh0/hqVUGME6lLa7hXP09kaFEqUkS2c4E6ZFa9mbif17P6PgqzCgXRhOOF4tiw6BO4SwFOKCSYM0mliAsqb0V4hGSCGubVcmG4C+/vEra9Zp/XqvfXVQa13kcRXAMTkAV+OASNMAtaIIWwMCAZ/AK3pwn58V5dz4WrQUnnzkCf+B8/gB9CJL4</latexit>

Feynman Rules Amplitude Cross sections, Decay rates,…
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Gauge Theories
Symmetries

L =  ̄(i/@ �m) 
<latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit><latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit><latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="UJqsoY9Lb29aTl3DWISr6q61F3Y=">AAACG3icbVDNTgIxGPwW/xBR0auXRmKCB8iuF7mQmHjx4AETQRJ2Q7qlQEO727RdE7LZp/Hiq3jxgDHGt7ELHBScpMlkZvq134SSM21c99spbG3v7O4V90sH5cOj48pJuavjRBHaITGPVS/EmnIW0Y5hhtOeVBSLkNOncHqb+0/PVGkWR49mJmkg8DhiI0awsdKg0kp9gjm6z1AL+SFWqS81y2oM+ZpjPfEnespk3W14TSKQL7EyzMZRXVzmwUGl6jbcBdAm8VakCiu0B5W5P4xJImhkiJ2v+54rTZDmYwmnWclPNJWYTPGY9i2NsKA6SBdrZujCKkM0ipU9kUEL9feNFAutZyK0SYHNRK97ufif10/MqBmkLJKJoRFZPjRKODIxyjtDQ6YoMXxmCSaK2b8iMsEKE2ObLdkSvPWVN0n3quHZGh9cKMIZnEMNPLiGG7iDNnSAwAu8wRw+nFfn3flc1lVwVr2dwh84Xz/V6KKV</latexit><latexit sha1_base64="UJqsoY9Lb29aTl3DWISr6q61F3Y=">AAACG3icbVDNTgIxGPwW/xBR0auXRmKCB8iuF7mQmHjx4AETQRJ2Q7qlQEO727RdE7LZp/Hiq3jxgDHGt7ELHBScpMlkZvq134SSM21c99spbG3v7O4V90sH5cOj48pJuavjRBHaITGPVS/EmnIW0Y5hhtOeVBSLkNOncHqb+0/PVGkWR49mJmkg8DhiI0awsdKg0kp9gjm6z1AL+SFWqS81y2oM+ZpjPfEnespk3W14TSKQL7EyzMZRXVzmwUGl6jbcBdAm8VakCiu0B5W5P4xJImhkiJ2v+54rTZDmYwmnWclPNJWYTPGY9i2NsKA6SBdrZujCKkM0ipU9kUEL9feNFAutZyK0SYHNRK97ufif10/MqBmkLJKJoRFZPjRKODIxyjtDQ6YoMXxmCSaK2b8iMsEKE2ObLdkSvPWVN0n3quHZGh9cKMIZnEMNPLiGG7iDNnSAwAu8wRw+nFfn3flc1lVwVr2dwh84Xz/V6KKV</latexit><latexit sha1_base64="PIwxEzJSKJANism81dlE0S25csY="></latexit><latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit><latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit><latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit><latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit><latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit><latexit sha1_base64="4V+nYyKCXl22WnjCld7qpgswBd8="></latexit>

Dirac Lagrangian for a free fermion 

is invariant under the continuous field transformations

 (x) �! ei↵  (x)
<latexit sha1_base64="fiQVDjvPIg/tP3i/MUEd0yFaffc=">AAACFXicbVDLSgMxFM3UV62vqks3wSJUkDIjgi6LblxWsA/o1HInTdvQTDIkGbUM/Qk3/oobF4q4Fdz5N6btCNp6IHA451xu7gkizrRx3S8ns7C4tLySXc2trW9sbuW3d2paxorQKpFcqkYAmnImaNUww2kjUhTCgNN6MLgY+/VbqjST4toMI9oKoSdYlxEwVmrnj/xIs+L9Ifa5FD3Fen0DSsk7TG8S5gOP+jDyf0LtfMEtuRPgeeKlpIBSVNr5T78jSRxSYQgHrZueG5lWAsowwuko58eaRkAG0KNNSwWEVLeSyVUjfGCVDu5KZZ8weKL+nkgg1HoYBjYZgunrWW8s/uc1Y9M9ayVMRLGhgkwXdWOOjcTjinCHKUoMH1oCRDH7V0z6oIAYW2TOluDNnjxPasclzy15VyeF8nlaRxbtoX1URB46RWV0iSqoigh6QE/oBb06j86z8+a8T6MZJ53ZRX/gfHwDVX2e6A==</latexit><latexit sha1_base64="fiQVDjvPIg/tP3i/MUEd0yFaffc=">AAACFXicbVDLSgMxFM3UV62vqks3wSJUkDIjgi6LblxWsA/o1HInTdvQTDIkGbUM/Qk3/oobF4q4Fdz5N6btCNp6IHA451xu7gkizrRx3S8ns7C4tLySXc2trW9sbuW3d2paxorQKpFcqkYAmnImaNUww2kjUhTCgNN6MLgY+/VbqjST4toMI9oKoSdYlxEwVmrnj/xIs+L9Ifa5FD3Fen0DSsk7TG8S5gOP+jDyf0LtfMEtuRPgeeKlpIBSVNr5T78jSRxSYQgHrZueG5lWAsowwuko58eaRkAG0KNNSwWEVLeSyVUjfGCVDu5KZZ8weKL+nkgg1HoYBjYZgunrWW8s/uc1Y9M9ayVMRLGhgkwXdWOOjcTjinCHKUoMH1oCRDH7V0z6oIAYW2TOluDNnjxPasclzy15VyeF8nlaRxbtoX1URB46RWV0iSqoigh6QE/oBb06j86z8+a8T6MZJ53ZRX/gfHwDVX2e6A==</latexit><latexit sha1_base64="fiQVDjvPIg/tP3i/MUEd0yFaffc=">AAACFXicbVDLSgMxFM3UV62vqks3wSJUkDIjgi6LblxWsA/o1HInTdvQTDIkGbUM/Qk3/oobF4q4Fdz5N6btCNp6IHA451xu7gkizrRx3S8ns7C4tLySXc2trW9sbuW3d2paxorQKpFcqkYAmnImaNUww2kjUhTCgNN6MLgY+/VbqjST4toMI9oKoSdYlxEwVmrnj/xIs+L9Ifa5FD3Fen0DSsk7TG8S5gOP+jDyf0LtfMEtuRPgeeKlpIBSVNr5T78jSRxSYQgHrZueG5lWAsowwuko58eaRkAG0KNNSwWEVLeSyVUjfGCVDu5KZZ8weKL+nkgg1HoYBjYZgunrWW8s/uc1Y9M9ayVMRLGhgkwXdWOOjcTjinCHKUoMH1oCRDH7V0z6oIAYW2TOluDNnjxPasclzy15VyeF8nlaRxbtoX1URB46RWV0iSqoigh6QE/oBb06j86z8+a8T6MZJ53ZRX/gfHwDVX2e6A==</latexit><latexit sha1_base64="fiQVDjvPIg/tP3i/MUEd0yFaffc=">AAACFXicbVDLSgMxFM3UV62vqks3wSJUkDIjgi6LblxWsA/o1HInTdvQTDIkGbUM/Qk3/oobF4q4Fdz5N6btCNp6IHA451xu7gkizrRx3S8ns7C4tLySXc2trW9sbuW3d2paxorQKpFcqkYAmnImaNUww2kjUhTCgNN6MLgY+/VbqjST4toMI9oKoSdYlxEwVmrnj/xIs+L9Ifa5FD3Fen0DSsk7TG8S5gOP+jDyf0LtfMEtuRPgeeKlpIBSVNr5T78jSRxSYQgHrZueG5lWAsowwuko58eaRkAG0KNNSwWEVLeSyVUjfGCVDu5KZZ8weKL+nkgg1HoYBjYZgunrWW8s/uc1Y9M9ayVMRLGhgkwXdWOOjcTjinCHKUoMH1oCRDH7V0z6oIAYW2TOluDNnjxPasclzy15VyeF8nlaRxbtoX1URB46RWV0iSqoigh6QE/oBb06j86z8+a8T6MZJ53ZRX/gfHwDVX2e6A==</latexit>

 ̄(x) �! e�i↵  ̄(x)
<latexit sha1_base64="DlkEwGS5PQCCp2H61InPILY5UsU=">AAACInicbVDLSgMxFM3UV62vqks3wSJU0DIjgrorunFZwT6gU8udNG1DM8mQZNQy9Fvc+CtuXCjqSvBjTB8L23ogcDjnXG7uCSLOtHHdbye1sLi0vJJezaytb2xuZbd3KlrGitAykVyqWgCaciZo2TDDaS1SFMKA02rQuxr61XuqNJPi1vQj2gihI1ibETBWamYv/ABU4keaDfKPh9jnUnQU63QNKCUfML1LjpkPPOrCwD+ayjazObfgjoDniTchOTRBqZn99FuSxCEVhnDQuu65kWkkoAwjnA4yfqxpBKQHHVq3VEBIdSMZnTjAB1Zp4bZU9gmDR+rfiQRCrfthYJMhmK6e9Ybif149Nu3zRsJEFBsqyHhRO+bYSDzsC7eYosTwviVAFLN/xaQLCoixrWZsCd7syfOkclLw3IJ3c5orXk7qSKM9tI/yyENnqIiuUQmVEUFP6AW9oXfn2Xl1PpyvcTTlTGZ20RScn18wpKSp</latexit><latexit sha1_base64="DlkEwGS5PQCCp2H61InPILY5UsU=">AAACInicbVDLSgMxFM3UV62vqks3wSJU0DIjgrorunFZwT6gU8udNG1DM8mQZNQy9Fvc+CtuXCjqSvBjTB8L23ogcDjnXG7uCSLOtHHdbye1sLi0vJJezaytb2xuZbd3KlrGitAykVyqWgCaciZo2TDDaS1SFMKA02rQuxr61XuqNJPi1vQj2gihI1ibETBWamYv/ABU4keaDfKPh9jnUnQU63QNKCUfML1LjpkPPOrCwD+ayjazObfgjoDniTchOTRBqZn99FuSxCEVhnDQuu65kWkkoAwjnA4yfqxpBKQHHVq3VEBIdSMZnTjAB1Zp4bZU9gmDR+rfiQRCrfthYJMhmK6e9Ybif149Nu3zRsJEFBsqyHhRO+bYSDzsC7eYosTwviVAFLN/xaQLCoixrWZsCd7syfOkclLw3IJ3c5orXk7qSKM9tI/yyENnqIiuUQmVEUFP6AW9oXfn2Xl1PpyvcTTlTGZ20RScn18wpKSp</latexit><latexit sha1_base64="DlkEwGS5PQCCp2H61InPILY5UsU=">AAACInicbVDLSgMxFM3UV62vqks3wSJU0DIjgrorunFZwT6gU8udNG1DM8mQZNQy9Fvc+CtuXCjqSvBjTB8L23ogcDjnXG7uCSLOtHHdbye1sLi0vJJezaytb2xuZbd3KlrGitAykVyqWgCaciZo2TDDaS1SFMKA02rQuxr61XuqNJPi1vQj2gihI1ibETBWamYv/ABU4keaDfKPh9jnUnQU63QNKCUfML1LjpkPPOrCwD+ayjazObfgjoDniTchOTRBqZn99FuSxCEVhnDQuu65kWkkoAwjnA4yfqxpBKQHHVq3VEBIdSMZnTjAB1Zp4bZU9gmDR+rfiQRCrfthYJMhmK6e9Ybif149Nu3zRsJEFBsqyHhRO+bYSDzsC7eYosTwviVAFLN/xaQLCoixrWZsCd7syfOkclLw3IJ3c5orXk7qSKM9tI/yyENnqIiuUQmVEUFP6AW9oXfn2Xl1PpyvcTTlTGZ20RScn18wpKSp</latexit><latexit sha1_base64="DlkEwGS5PQCCp2H61InPILY5UsU=">AAACInicbVDLSgMxFM3UV62vqks3wSJU0DIjgrorunFZwT6gU8udNG1DM8mQZNQy9Fvc+CtuXCjqSvBjTB8L23ogcDjnXG7uCSLOtHHdbye1sLi0vJJezaytb2xuZbd3KlrGitAykVyqWgCaciZo2TDDaS1SFMKA02rQuxr61XuqNJPi1vQj2gihI1ibETBWamYv/ABU4keaDfKPh9jnUnQU63QNKCUfML1LjpkPPOrCwD+ayjazObfgjoDniTchOTRBqZn99FuSxCEVhnDQuu65kWkkoAwjnA4yfqxpBKQHHVq3VEBIdSMZnTjAB1Zp4bZU9gmDR+rfiQRCrfthYJMhmK6e9Ybif149Nu3zRsJEFBsqyHhRO+bYSDzsC7eYosTwviVAFLN/xaQLCoixrWZsCd7syfOkclLw3IJ3c5orXk7qSKM9tI/yyENnqIiuUQmVEUFP6AW9oXfn2Xl1PpyvcTTlTGZ20RScn18wpKSp</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><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

With         a  real constant ↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>

This is a global U(1) symmetry

Under it
anti-fermions have global charge -1

fermions have global charge +1{
<latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit><latexit sha1_base64="RG03HEwJX1WBjc+2nWlsTV1XmgQ=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis99PK+W/Vq3hxklfgFqUKBRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXUklj1EE+v3RKzqwyIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjJ7mwy4QmbExBLKFLe3EjaiijJjw6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fm4SNZQ==</latexit>

The conserved current is jµ =  ̄�µ 
<latexit sha1_base64="VCecH+G/B6ISAFOs9A3dZqc/FJc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EYounFZwT6gieVmOmnHziRhZiKU0J0bf8WNC0Xc+gvu/BsnbRZaPXDhzDn3MveeIOFMacf5skoLi0vLK+XVytr6xuaWvb3TUnEqCW2SmMeyE4CinEW0qZnmtJNICiLgtB2MLnO/fU+lYnF0o8cJ9QUMIhYyAtpIPXv/7tYTKT7HXgDSSxTzBiAE5GL+6tlVp+ZMgf8StyBVVKDRsz+9fkxSQSNNOCjVdZ1E+xlIzQink4qXKpoAGcGAdg2NQFDlZ9M7JvjQKH0cxtJUpPFU/TmRgVBqLALTKUAP1byXi/953VSHZ37GoiTVNCKzj8KUYx3jPBTcZ5ISzceGAJHM7IrJECQQbaKrmBDc+ZP/ktZxzXVq7vVJtX5RxFFGe+gAHSEXnaI6ukIN1EQEPaAn9IJerUfr2Xqz3metJauY2UW/YH18A7W/mTY=</latexit><latexit sha1_base64="VCecH+G/B6ISAFOs9A3dZqc/FJc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EYounFZwT6gieVmOmnHziRhZiKU0J0bf8WNC0Xc+gvu/BsnbRZaPXDhzDn3MveeIOFMacf5skoLi0vLK+XVytr6xuaWvb3TUnEqCW2SmMeyE4CinEW0qZnmtJNICiLgtB2MLnO/fU+lYnF0o8cJ9QUMIhYyAtpIPXv/7tYTKT7HXgDSSxTzBiAE5GL+6tlVp+ZMgf8StyBVVKDRsz+9fkxSQSNNOCjVdZ1E+xlIzQink4qXKpoAGcGAdg2NQFDlZ9M7JvjQKH0cxtJUpPFU/TmRgVBqLALTKUAP1byXi/953VSHZ37GoiTVNCKzj8KUYx3jPBTcZ5ISzceGAJHM7IrJECQQbaKrmBDc+ZP/ktZxzXVq7vVJtX5RxFFGe+gAHSEXnaI6ukIN1EQEPaAn9IJerUfr2Xqz3metJauY2UW/YH18A7W/mTY=</latexit><latexit sha1_base64="VCecH+G/B6ISAFOs9A3dZqc/FJc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EYounFZwT6gieVmOmnHziRhZiKU0J0bf8WNC0Xc+gvu/BsnbRZaPXDhzDn3MveeIOFMacf5skoLi0vLK+XVytr6xuaWvb3TUnEqCW2SmMeyE4CinEW0qZnmtJNICiLgtB2MLnO/fU+lYnF0o8cJ9QUMIhYyAtpIPXv/7tYTKT7HXgDSSxTzBiAE5GL+6tlVp+ZMgf8StyBVVKDRsz+9fkxSQSNNOCjVdZ1E+xlIzQink4qXKpoAGcGAdg2NQFDlZ9M7JvjQKH0cxtJUpPFU/TmRgVBqLALTKUAP1byXi/953VSHZ37GoiTVNCKzj8KUYx3jPBTcZ5ISzceGAJHM7IrJECQQbaKrmBDc+ZP/ktZxzXVq7vVJtX5RxFFGe+gAHSEXnaI6ukIN1EQEPaAn9IJerUfr2Xqz3metJauY2UW/YH18A7W/mTY=</latexit><latexit sha1_base64="VCecH+G/B6ISAFOs9A3dZqc/FJc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi6EYounFZwT6gieVmOmnHziRhZiKU0J0bf8WNC0Xc+gvu/BsnbRZaPXDhzDn3MveeIOFMacf5skoLi0vLK+XVytr6xuaWvb3TUnEqCW2SmMeyE4CinEW0qZnmtJNICiLgtB2MLnO/fU+lYnF0o8cJ9QUMIhYyAtpIPXv/7tYTKT7HXgDSSxTzBiAE5GL+6tlVp+ZMgf8StyBVVKDRsz+9fkxSQSNNOCjVdZ1E+xlIzQink4qXKpoAGcGAdg2NQFDlZ9M7JvjQKH0cxtJUpPFU/TmRgVBqLALTKUAP1byXi/953VSHZ37GoiTVNCKzj8KUYx3jPBTcZ5ISzceGAJHM7IrJECQQbaKrmBDc+ZP/ktZxzXVq7vVJtX5RxFFGe+gAHSEXnaI6ukIN1EQEPaAn9IJerUfr2Xqz3metJauY2UW/YH18A7W/mTY=</latexit>
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(See I.L16)



But if we want the transformation to be local , i.e. ↵ = ↵(x)
<latexit sha1_base64="Fh6xG/tQwGYb/VSJlO0r6tOYwg8=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdEfQiBL14jGAekCyhdzKbDJl9MDOrhphP8eJBEa9+iTf/xkmyB00saLqo6mZ6yk8EV9pxvq3cyura+kZ+s7C1vbO7Zxf3GypOJWV1GotYtnxUTPCI1TXXgrUSyTD0BWv6w+up37xnUvE4utOjhHkh9iMecIraSF272EGRDPCSzHv58aRrl5yKMwNZJm5GSpCh1rW/Or2YpiGLNBWoVNt1Eu2NUWpOBZsUOqliCdIh9lnb0AhDprzx7PQJOTZKjwSxNBVpMlN/b4wxVGoU+mYyRD1Qi95U/M9rpzq48MY8SlLNIjp/KEgF0TGZ5kB6XDKqxcgQpJKbWwkdoESqTVoFE4K7+OVl0jituE7FvT0rVa+yOPJwCEdQBhfOoQo3UIM6UHiAZ3iFN+vJerHerY/5aM7Kdg7gD6zPHyA2kz8=</latexit><latexit sha1_base64="Fh6xG/tQwGYb/VSJlO0r6tOYwg8=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdEfQiBL14jGAekCyhdzKbDJl9MDOrhphP8eJBEa9+iTf/xkmyB00saLqo6mZ6yk8EV9pxvq3cyura+kZ+s7C1vbO7Zxf3GypOJWV1GotYtnxUTPCI1TXXgrUSyTD0BWv6w+up37xnUvE4utOjhHkh9iMecIraSF272EGRDPCSzHv58aRrl5yKMwNZJm5GSpCh1rW/Or2YpiGLNBWoVNt1Eu2NUWpOBZsUOqliCdIh9lnb0AhDprzx7PQJOTZKjwSxNBVpMlN/b4wxVGoU+mYyRD1Qi95U/M9rpzq48MY8SlLNIjp/KEgF0TGZ5kB6XDKqxcgQpJKbWwkdoESqTVoFE4K7+OVl0jituE7FvT0rVa+yOPJwCEdQBhfOoQo3UIM6UHiAZ3iFN+vJerHerY/5aM7Kdg7gD6zPHyA2kz8=</latexit><latexit sha1_base64="Fh6xG/tQwGYb/VSJlO0r6tOYwg8=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdEfQiBL14jGAekCyhdzKbDJl9MDOrhphP8eJBEa9+iTf/xkmyB00saLqo6mZ6yk8EV9pxvq3cyura+kZ+s7C1vbO7Zxf3GypOJWV1GotYtnxUTPCI1TXXgrUSyTD0BWv6w+up37xnUvE4utOjhHkh9iMecIraSF272EGRDPCSzHv58aRrl5yKMwNZJm5GSpCh1rW/Or2YpiGLNBWoVNt1Eu2NUWpOBZsUOqliCdIh9lnb0AhDprzx7PQJOTZKjwSxNBVpMlN/b4wxVGoU+mYyRD1Qi95U/M9rpzq48MY8SlLNIjp/KEgF0TGZ5kB6XDKqxcgQpJKbWwkdoESqTVoFE4K7+OVl0jituE7FvT0rVa+yOPJwCEdQBhfOoQo3UIM6UHiAZ3iFN+vJerHerY/5aM7Kdg7gD6zPHyA2kz8=</latexit><latexit sha1_base64="Fh6xG/tQwGYb/VSJlO0r6tOYwg8=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQxCvIRdEfQiBL14jGAekCyhdzKbDJl9MDOrhphP8eJBEa9+iTf/xkmyB00saLqo6mZ6yk8EV9pxvq3cyura+kZ+s7C1vbO7Zxf3GypOJWV1GotYtnxUTPCI1TXXgrUSyTD0BWv6w+up37xnUvE4utOjhHkh9iMecIraSF272EGRDPCSzHv58aRrl5yKMwNZJm5GSpCh1rW/Or2YpiGLNBWoVNt1Eu2NUWpOBZsUOqliCdIh9lnb0AhDprzx7PQJOTZKjwSxNBVpMlN/b4wxVGoU+mYyRD1Qi95U/M9rpzq48MY8SlLNIjp/KEgF0TGZ5kB6XDKqxcgQpJKbWwkdoESqTVoFE4K7+OVl0jituE7FvT0rVa+yOPJwCEdQBhfOoQo3UIM6UHiAZ3iFN+vJerHerY/5aM7Kdg7gD6zPHyA2kz8=</latexit>

 (x) �! ei↵(x)  (x)

 ̄(x) �! e�i↵(x)  ̄(x)
<latexit sha1_base64="hCdJxFbTCRVVH6IyTz4B1yVJNLk=">AAACWHicdVFNS8MwGE7r5ub8qvPoJTgEBR2tCHocevE4wamw1vE2y7awNClJqo6yPyl40L/ixXQOUacvBJ48HyR5EqecaeP7r467VCovV6ortdW19Y1Nb6t+o2WmCO0QyaW6i0FTzgTtGGY4vUsVhSTm9DYeXxT67QNVmklxbSYpjRIYCjZgBIylep4MU832nw5wyKUYKjYcGVBKPmJ6n7MQeDoCq07Dwy9fWAtjUHmxn/4TPPqZ/G7veQ2/6c8GL4JgDhpoPu2e9xz2JckSKgzhoHU38FMT5aAMI5xOa2GmaQpkDEPatVBAQnWUz4qZ4j3L9PFAKruEwTP2eyKHROtJEltnAmakf2sF+ZfWzczgLMqZSDNDBfk8aJBxbCQuWsZ9pigxfGIBEMXsXTEZgQJi7F/UbAnB7ycvgpvjZuA3g6uTRut8XkcV7aBdtI8CdIpa6BK1UQcR9ILenZJTdt5c5FbclU+r68wz2+jHuPUPhCOzxA==</latexit><latexit sha1_base64="hCdJxFbTCRVVH6IyTz4B1yVJNLk=">AAACWHicdVFNS8MwGE7r5ub8qvPoJTgEBR2tCHocevE4wamw1vE2y7awNClJqo6yPyl40L/ixXQOUacvBJ48HyR5EqecaeP7r467VCovV6ortdW19Y1Nb6t+o2WmCO0QyaW6i0FTzgTtGGY4vUsVhSTm9DYeXxT67QNVmklxbSYpjRIYCjZgBIylep4MU832nw5wyKUYKjYcGVBKPmJ6n7MQeDoCq07Dwy9fWAtjUHmxn/4TPPqZ/G7veQ2/6c8GL4JgDhpoPu2e9xz2JckSKgzhoHU38FMT5aAMI5xOa2GmaQpkDEPatVBAQnWUz4qZ4j3L9PFAKruEwTP2eyKHROtJEltnAmakf2sF+ZfWzczgLMqZSDNDBfk8aJBxbCQuWsZ9pigxfGIBEMXsXTEZgQJi7F/UbAnB7ycvgpvjZuA3g6uTRut8XkcV7aBdtI8CdIpa6BK1UQcR9ILenZJTdt5c5FbclU+r68wz2+jHuPUPhCOzxA==</latexit><latexit sha1_base64="hCdJxFbTCRVVH6IyTz4B1yVJNLk=">AAACWHicdVFNS8MwGE7r5ub8qvPoJTgEBR2tCHocevE4wamw1vE2y7awNClJqo6yPyl40L/ixXQOUacvBJ48HyR5EqecaeP7r467VCovV6ortdW19Y1Nb6t+o2WmCO0QyaW6i0FTzgTtGGY4vUsVhSTm9DYeXxT67QNVmklxbSYpjRIYCjZgBIylep4MU832nw5wyKUYKjYcGVBKPmJ6n7MQeDoCq07Dwy9fWAtjUHmxn/4TPPqZ/G7veQ2/6c8GL4JgDhpoPu2e9xz2JckSKgzhoHU38FMT5aAMI5xOa2GmaQpkDEPatVBAQnWUz4qZ4j3L9PFAKruEwTP2eyKHROtJEltnAmakf2sF+ZfWzczgLMqZSDNDBfk8aJBxbCQuWsZ9pigxfGIBEMXsXTEZgQJi7F/UbAnB7ycvgpvjZuA3g6uTRut8XkcV7aBdtI8CdIpa6BK1UQcR9ILenZJTdt5c5FbclU+r68wz2+jHuPUPhCOzxA==</latexit><latexit sha1_base64="hCdJxFbTCRVVH6IyTz4B1yVJNLk=">AAACWHicdVFNS8MwGE7r5ub8qvPoJTgEBR2tCHocevE4wamw1vE2y7awNClJqo6yPyl40L/ixXQOUacvBJ48HyR5EqecaeP7r467VCovV6ortdW19Y1Nb6t+o2WmCO0QyaW6i0FTzgTtGGY4vUsVhSTm9DYeXxT67QNVmklxbSYpjRIYCjZgBIylep4MU832nw5wyKUYKjYcGVBKPmJ6n7MQeDoCq07Dwy9fWAtjUHmxn/4TPPqZ/G7veQ2/6c8GL4JgDhpoPu2e9xz2JckSKgzhoHU38FMT5aAMI5xOa2GmaQpkDEPatVBAQnWUz4qZ4j3L9PFAKruEwTP2eyKHROtJEltnAmakf2sF+ZfWzczgLMqZSDNDBfk8aJBxbCQuWsZ9pigxfGIBEMXsXTEZgQJi7F/UbAnB7ycvgpvjZuA3g6uTRut8XkcV7aBdtI8CdIpa6BK1UQcR9ILenZJTdt5c5FbclU+r68wz2+jHuPUPhCOzxA==</latexit>

)
<latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit>

L ! L0 = L =  ̄(i/@ �m) � @µ↵(x)  ̄�
µ 6= L

<latexit sha1_base64="yw7ey2HraVY1LlckRLIeL5cwkIA="></latexit><latexit sha1_base64="yw7ey2HraVY1LlckRLIeL5cwkIA="></latexit><latexit sha1_base64="yw7ey2HraVY1LlckRLIeL5cwkIA="></latexit><latexit sha1_base64="yw7ey2HraVY1LlckRLIeL5cwkIA="></latexit>

The Lagrangian is not invariant under this local symmetry. It needs to be modified. The problem is clearly 

with the derivative. We define the covariant derivative acting on the fermion field  Dµ
<latexit sha1_base64="qyE8bcvbVpxWiGc6VyczqEBj6D0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfj25nffqJKs1Q+mklGI4GHkiWMYOOk8K7fE7Zfrfl1fw60SoKC1KBAs1/96g1SYgWVhnCsdTfwMxPlWBlGOJ1WelbTDJMxHtKuoxILqqN8fuwUnTllgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yuNcl1lDOZWUMlWSxKLEcmRbPP0YApSgyfOIKJYu5WREZYYWJcPhUXQrD88ippXdQDvx48XNYaN0UcZTiBUziHAK6gAffQhBAIMHiGV3jzpPfivXsfi9aSV8wcwx94nz+geI6N</latexit><latexit sha1_base64="qyE8bcvbVpxWiGc6VyczqEBj6D0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfj25nffqJKs1Q+mklGI4GHkiWMYOOk8K7fE7Zfrfl1fw60SoKC1KBAs1/96g1SYgWVhnCsdTfwMxPlWBlGOJ1WelbTDJMxHtKuoxILqqN8fuwUnTllgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yuNcl1lDOZWUMlWSxKLEcmRbPP0YApSgyfOIKJYu5WREZYYWJcPhUXQrD88ippXdQDvx48XNYaN0UcZTiBUziHAK6gAffQhBAIMHiGV3jzpPfivXsfi9aSV8wcwx94nz+geI6N</latexit><latexit sha1_base64="qyE8bcvbVpxWiGc6VyczqEBj6D0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfj25nffqJKs1Q+mklGI4GHkiWMYOOk8K7fE7Zfrfl1fw60SoKC1KBAs1/96g1SYgWVhnCsdTfwMxPlWBlGOJ1WelbTDJMxHtKuoxILqqN8fuwUnTllgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yuNcl1lDOZWUMlWSxKLEcmRbPP0YApSgyfOIKJYu5WREZYYWJcPhUXQrD88ippXdQDvx48XNYaN0UcZTiBUziHAK6gAffQhBAIMHiGV3jzpPfivXsfi9aSV8wcwx94nz+geI6N</latexit><latexit sha1_base64="qyE8bcvbVpxWiGc6VyczqEBj6D0=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegHjxGcJNAsoTZyWwyZGZ2mYcQlnyDFw+KePWDvPk3TpI9aGJBQ1HVTXdXnHGmje9/e6W19Y3NrfJ2ZWd3b/+genjU0qlVhIYk5anqxFhTziQNDTOcdjJFsYg5bcfj25nffqJKs1Q+mklGI4GHkiWMYOOk8K7fE7Zfrfl1fw60SoKC1KBAs1/96g1SYgWVhnCsdTfwMxPlWBlGOJ1WelbTDJMxHtKuoxILqqN8fuwUnTllgJJUuZIGzdXfEzkWWk9E7DoFNiO97M3E/7yuNcl1lDOZWUMlWSxKLEcmRbPP0YApSgyfOIKJYu5WREZYYWJcPhUXQrD88ippXdQDvx48XNYaN0UcZTiBUziHAK6gAffQhBAIMHiGV3jzpPfivXsfi9aSV8wcwx94nz+geI6N</latexit>

such that now 

L =  ̄(i/D �m) 
<latexit sha1_base64="blgkCmd1kSBpV7fc25ZEUwSth/U="></latexit><latexit sha1_base64="blgkCmd1kSBpV7fc25ZEUwSth/U="></latexit><latexit sha1_base64="blgkCmd1kSBpV7fc25ZEUwSth/U="></latexit><latexit sha1_base64="blgkCmd1kSBpV7fc25ZEUwSth/U="></latexit>

is invariant under the local (gauge) transformation. For this lagrangian to be invariant we need

Dµ (x) �! ei↵(x) Dµ (x)
<latexit sha1_base64="BECVsUnOd2FlryNu3FC82SdXxWk=">AAACI3icbVDLSgMxFM34tr5GXboJFkFBykwVFFdFXbhUsA/ojOVOmmlDM8mQZNQy9F/c+CtuXCjixoX/Ylq7qI8DgcM553JzT5Rypo3nfThT0zOzc/MLi4Wl5ZXVNXd9o6ZlpgitEsmlakSgKWeCVg0znDZSRSGJOK1HvbOhX7+lSjMprk0/pWECHcFiRsBYqeWenLeCJAtSzXbv93DApego1ukaUEreYXqTswB42gXrDnCwP5luuUWv5I2A/xJ/TIpojMuW+xa0JckSKgzhoHXT91IT5qAMI5wOCkGmaQqkBx3atFRAQnWYj24c4B2rtHEslX3C4JE6OZFDonU/iWwyAdPVv72h+J/XzEx8HOZMpJmhgnwvijOOjcTDwnCbKUoM71sCRDH7V0y6oIAYW2vBluD/PvkvqZVL/kGpfHVYrJyO61hAW2gb7SIfHaEKukCXqIoIekBP6AW9Oo/Os/PmvH9Hp5zxzCb6AefzC3e2pCM=</latexit>

Covariant derivative must 
transform just as     (x)

<latexit sha1_base64="ARkPOVAELOZupGtJYICaxOuJdN8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2AdinZNNuGZrMhyYpl6Y/w4kERr/4eb/4b0+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbudx6p0iwWD2YqqR/hkWAhI9hYqdOXmlWfzgfliltzM6BV4uWkAjmag/JXfxiTJKLCEI617nmuNH6KlWGE01mpn2gqMZngEe1ZKnBEtZ9m587QmVWGKIyVLWFQpv6eSHGk9TQKbGeEzVgve3PxP6+XmPDaT5mQiaGCLBaFCUcmRvPf0ZApSgyfWoKJYvZWRMZYYWJsQiUbgrf88ipp12veRa1+f1lp3ORxFOEETqEKHlxBA+6gCS0gMIFneIU3RzovzrvzsWgtOPnMMfyB8/kDysSPNQ==</latexit>
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To cancel        @µ↵(x)
<latexit sha1_base64="Lyy5bQRPyHEsuv3s+qzBwn57BYU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEuilJFXRZdOOygn1AE8LNdNIOnTyYmYglFPwVNy4Ucet3uPNvnLRZaOuBC4dz7p259/gJZ1JZ1rdRWlldW98ob1a2tnd298z9g46MU0Fom8Q8Fj0fJOUsom3FFKe9RFAIfU67/vgm97sPVEgWR/dqklA3hGHEAkZAackzj5wEhGLAPSdMHeDJCGqPZ55ZterWDHiZ2AWpogItz/xyBjFJQxopwkHKvm0lys3ypwmn04qTSpoAGcOQ9jWNIKTSzWbrT/GpVgY4iIWuSOGZ+nsig1DKSejrzhDUSC56ufif109VcOVmLEpSRSMy/yhIOVYxzrPAAyYoUXyiCRDB9K6YjEAAUTqxig7BXjx5mXQadfu83ri7qDavizjK6BidoBqy0SVqolvUQm1EUIae0St6M56MF+Pd+Ji3loxi5hD9gfH5Axy8lZI=</latexit>

the term containing we write the covariant derivative as 

Dµ (x) = (@µ + ieAµ(x)) (x)
<latexit sha1_base64="wkiOQfonkqJerFKSzjzmWs6CoVA=">AAACHXicbVDLSsNAFJ34rPUVdelmsAgtQklqQTdCfSxcVrAPaEKYTCft0MmDmYlYQn/Ejb/ixoUiLtyIf+MkjaCtBwYO55zLnXvciFEhDeNLW1hcWl5ZLawV1zc2t7b1nd22CGOOSQuHLORdFwnCaEBakkpGuhEnyHcZ6bijy9Tv3BEuaBjcynFEbB8NAupRjKSSHL1+5Vh+DK1I0PJ9BZ7BshUhLilimX5EIYHnKVVu5Sfm6CWjamSA88TMSQnkaDr6h9UPceyTQGKGhOiZRiTtJF2EGZkUrViQCOERGpCeogHyibCT7LoJPFRKH3ohVy+QMFN/TyTIF2LsuyrpIzkUs14q/uf1Yumd2gkNoliSAE8XeTGDMoRpVbBPOcGSjRVBmFP1V4iHiCMsVaFFVYI5e/I8adeq5nG1dlMvNS7yOgpgHxyAMjDBCWiAa9AELYDBA3gCL+BVe9SetTftfRpd0PKZPfAH2uc3GkWfbg==</latexit>

Aµ(x) �! Aµ(x)�
1

e
@µ↵(x)

<latexit sha1_base64="h29u3w0pMt/9LQO6kFpN8MirkoY="></latexit>

such that the field             transforms under the symmetry asAµ(x)
<latexit sha1_base64="bvxi3pI6IoXQSug7dnXekW560dw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9eKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqtx6p0iyS92YcU1/ggWQhI9hYqX3V64qk/HTaK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezeCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEl37KZJwYKsl8UZhwZCI0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk2a14p1Vqnfnpdp1FkcejuAYyuDBBdTgFurQAAIcnuEV3pwH58V5dz7mrTknmzmEP3A+fwBDHI91</latexit>

This guarantees Dµ (x) �! ei↵(x) Dµ (x)
<latexit sha1_base64="BECVsUnOd2FlryNu3FC82SdXxWk=">AAACI3icbVDLSgMxFM34tr5GXboJFkFBykwVFFdFXbhUsA/ojOVOmmlDM8mQZNQy9F/c+CtuXCjixoX/Ylq7qI8DgcM553JzT5Rypo3nfThT0zOzc/MLi4Wl5ZXVNXd9o6ZlpgitEsmlakSgKWeCVg0znDZSRSGJOK1HvbOhX7+lSjMprk0/pWECHcFiRsBYqeWenLeCJAtSzXbv93DApego1ukaUEreYXqTswB42gXrDnCwP5luuUWv5I2A/xJ/TIpojMuW+xa0JckSKgzhoHXT91IT5qAMI5wOCkGmaQqkBx3atFRAQnWYj24c4B2rtHEslX3C4JE6OZFDonU/iWwyAdPVv72h+J/XzEx8HOZMpJmhgnwvijOOjcTDwnCbKUoM71sCRDH7V0y6oIAYW2vBluD/PvkvqZVL/kGpfHVYrJyO61hAW2gb7SIfHaEKukCXqIoIekBP6AW9Oo/Os/PmvH9Hp5zxzCb6AefzC3e2pCM=</latexit>

(Exercise) 

And the invariance of         L
<latexit sha1_base64="BiDu9/BIAMDr7X/Jwp1nq4e9ZdQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2Tml2CObrrlcp+xZ8BLZMgJ2XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNrt2gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUBFF0Kw+PIyaVYrwXmlen9Rrl3ncRTgGE7gDAK4hBrcQh0aQOARnuEV3jzlvXjv3se8dcXLZ47gD7zPH+uvjrI=</latexit>

under the transformations of            and          Aµ(x)
<latexit sha1_base64="bvxi3pI6IoXQSug7dnXekW560dw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9eKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqtx6p0iyS92YcU1/ggWQhI9hYqX3V64qk/HTaK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezeCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEl37KZJwYKsl8UZhwZCI0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk2a14p1Vqnfnpdp1FkcejuAYyuDBBdTgFurQAAIcnuEV3pwH58V5dz7mrTknmzmEP3A+fwBDHI91</latexit>

 (x)
<latexit sha1_base64="ARkPOVAELOZupGtJYICaxOuJdN8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2AdinZNNuGZrMhyYpl6Y/w4kERr/4eb/4b0+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbudx6p0iwWD2YqqR/hkWAhI9hYqdOXmlWfzgfliltzM6BV4uWkAjmag/JXfxiTJKLCEI617nmuNH6KlWGE01mpn2gqMZngEe1ZKnBEtZ9m587QmVWGKIyVLWFQpv6eSHGk9TQKbGeEzVgve3PxP6+XmPDaT5mQiaGCLBaFCUcmRvPf0ZApSgyfWoKJYvZWRMZYYWJsQiUbgrf88ipp12veRa1+f1lp3ORxFOEETqEKHlxBA+6gCS0gMIFneIU3RzovzrvzsWgtOPnMMfyB8/kDysSPNQ==</latexit>
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To summarize:

L =  ̄(i/D �m) 
<latexit sha1_base64="blgkCmd1kSBpV7fc25ZEUwSth/U="></latexit><latexit sha1_base64="blgkCmd1kSBpV7fc25ZEUwSth/U="></latexit><latexit sha1_base64="blgkCmd1kSBpV7fc25ZEUwSth/U="></latexit><latexit sha1_base64="blgkCmd1kSBpV7fc25ZEUwSth/U="></latexit>

with 

Dµ (x) = (@µ + ieAµ(x)) (x)
<latexit sha1_base64="wkiOQfonkqJerFKSzjzmWs6CoVA=">AAACHXicbVDLSsNAFJ34rPUVdelmsAgtQklqQTdCfSxcVrAPaEKYTCft0MmDmYlYQn/Ejb/ixoUiLtyIf+MkjaCtBwYO55zLnXvciFEhDeNLW1hcWl5ZLawV1zc2t7b1nd22CGOOSQuHLORdFwnCaEBakkpGuhEnyHcZ6bijy9Tv3BEuaBjcynFEbB8NAupRjKSSHL1+5Vh+DK1I0PJ9BZ7BshUhLilimX5EIYHnKVVu5Sfm6CWjamSA88TMSQnkaDr6h9UPceyTQGKGhOiZRiTtJF2EGZkUrViQCOERGpCeogHyibCT7LoJPFRKH3ohVy+QMFN/TyTIF2LsuyrpIzkUs14q/uf1Yumd2gkNoliSAE8XeTGDMoRpVbBPOcGSjRVBmFP1V4iHiCMsVaFFVYI5e/I8adeq5nG1dlMvNS7yOgpgHxyAMjDBCWiAa9AELYDBA3gCL+BVe9SetTftfRpd0PKZPfAH2uc3GkWfbg==</latexit>

is invariant under the transformations

 (x) �! ei↵(x)  (x)

 ̄(x) �! e�i↵(x)  ̄(x)
<latexit sha1_base64="hCdJxFbTCRVVH6IyTz4B1yVJNLk=">AAACWHicdVFNS8MwGE7r5ub8qvPoJTgEBR2tCHocevE4wamw1vE2y7awNClJqo6yPyl40L/ixXQOUacvBJ48HyR5EqecaeP7r467VCovV6ortdW19Y1Nb6t+o2WmCO0QyaW6i0FTzgTtGGY4vUsVhSTm9DYeXxT67QNVmklxbSYpjRIYCjZgBIylep4MU832nw5wyKUYKjYcGVBKPmJ6n7MQeDoCq07Dwy9fWAtjUHmxn/4TPPqZ/G7veQ2/6c8GL4JgDhpoPu2e9xz2JckSKgzhoHU38FMT5aAMI5xOa2GmaQpkDEPatVBAQnWUz4qZ4j3L9PFAKruEwTP2eyKHROtJEltnAmakf2sF+ZfWzczgLMqZSDNDBfk8aJBxbCQuWsZ9pigxfGIBEMXsXTEZgQJi7F/UbAnB7ycvgpvjZuA3g6uTRut8XkcV7aBdtI8CdIpa6BK1UQcR9ILenZJTdt5c5FbclU+r68wz2+jHuPUPhCOzxA==</latexit><latexit sha1_base64="hCdJxFbTCRVVH6IyTz4B1yVJNLk=">AAACWHicdVFNS8MwGE7r5ub8qvPoJTgEBR2tCHocevE4wamw1vE2y7awNClJqo6yPyl40L/ixXQOUacvBJ48HyR5EqecaeP7r467VCovV6ortdW19Y1Nb6t+o2WmCO0QyaW6i0FTzgTtGGY4vUsVhSTm9DYeXxT67QNVmklxbSYpjRIYCjZgBIylep4MU832nw5wyKUYKjYcGVBKPmJ6n7MQeDoCq07Dwy9fWAtjUHmxn/4TPPqZ/G7veQ2/6c8GL4JgDhpoPu2e9xz2JckSKgzhoHU38FMT5aAMI5xOa2GmaQpkDEPatVBAQnWUz4qZ4j3L9PFAKruEwTP2eyKHROtJEltnAmakf2sF+ZfWzczgLMqZSDNDBfk8aJBxbCQuWsZ9pigxfGIBEMXsXTEZgQJi7F/UbAnB7ycvgpvjZuA3g6uTRut8XkcV7aBdtI8CdIpa6BK1UQcR9ILenZJTdt5c5FbclU+r68wz2+jHuPUPhCOzxA==</latexit><latexit sha1_base64="hCdJxFbTCRVVH6IyTz4B1yVJNLk=">AAACWHicdVFNS8MwGE7r5ub8qvPoJTgEBR2tCHocevE4wamw1vE2y7awNClJqo6yPyl40L/ixXQOUacvBJ48HyR5EqecaeP7r467VCovV6ortdW19Y1Nb6t+o2WmCO0QyaW6i0FTzgTtGGY4vUsVhSTm9DYeXxT67QNVmklxbSYpjRIYCjZgBIylep4MU832nw5wyKUYKjYcGVBKPmJ6n7MQeDoCq07Dwy9fWAtjUHmxn/4TPPqZ/G7veQ2/6c8GL4JgDhpoPu2e9xz2JckSKgzhoHU38FMT5aAMI5xOa2GmaQpkDEPatVBAQnWUz4qZ4j3L9PFAKruEwTP2eyKHROtJEltnAmakf2sF+ZfWzczgLMqZSDNDBfk8aJBxbCQuWsZ9pigxfGIBEMXsXTEZgQJi7F/UbAnB7ycvgpvjZuA3g6uTRut8XkcV7aBdtI8CdIpa6BK1UQcR9ILenZJTdt5c5FbclU+r68wz2+jHuPUPhCOzxA==</latexit><latexit sha1_base64="hCdJxFbTCRVVH6IyTz4B1yVJNLk=">AAACWHicdVFNS8MwGE7r5ub8qvPoJTgEBR2tCHocevE4wamw1vE2y7awNClJqo6yPyl40L/ixXQOUacvBJ48HyR5EqecaeP7r467VCovV6ortdW19Y1Nb6t+o2WmCO0QyaW6i0FTzgTtGGY4vUsVhSTm9DYeXxT67QNVmklxbSYpjRIYCjZgBIylep4MU832nw5wyKUYKjYcGVBKPmJ6n7MQeDoCq07Dwy9fWAtjUHmxn/4TPPqZ/G7veQ2/6c8GL4JgDhpoPu2e9xz2JckSKgzhoHU38FMT5aAMI5xOa2GmaQpkDEPatVBAQnWUz4qZ4j3L9PFAKruEwTP2eyKHROtJEltnAmakf2sF+ZfWzczgLMqZSDNDBfk8aJBxbCQuWsZ9pigxfGIBEMXsXTEZgQJi7F/UbAnB7ycvgpvjZuA3g6uTRut8XkcV7aBdtI8CdIpa6BK1UQcR9ILenZJTdt5c5FbclU+r68wz2+jHuPUPhCOzxA==</latexit>

Aµ(x) �! Aµ(x)�
1

e
@µ↵(x)

<latexit sha1_base64="h29u3w0pMt/9LQO6kFpN8MirkoY="></latexit>

}
<latexit sha1_base64="z9I03uDaA3bS8qEriCB/zLQ+3nM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh960X664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqadWq3kW1dn9Zqd/kcRThBE7hHDy4gjrcQQOawCCEZ3iFN2fsvDjvzseiteDkM8fwB87nD5/ajWs=</latexit>

Local (gauge) U(1) transformations
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QED
Quantum Electrodynamics is a QFT of electromagnetism

L =  ̄ (i/D �m) =  ̄ (i/@ �m) � eAµ ̄�
µ 

<latexit sha1_base64="tkwoYl5M7rtCwRgJXPaz/W1Octc="></latexit>

The Dirac lagrangian with the covariant derivative is gauge invariant.

But we have a new field, Aµ(x)
<latexit sha1_base64="bvxi3pI6IoXQSug7dnXekW560dw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9eKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqtx6p0iyS92YcU1/ggWQhI9hYqX3V64qk/HTaK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezeCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEl37KZJwYKsl8UZhwZCI0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk2a14p1Vqnfnpdp1FkcejuAYyuDBBdTgFurQAAIcnuEV3pwH58V5dz7mrTknmzmEP3A+fwBDHI91</latexit>

, which needs a gauge invariant kinetic term 

It must have:
Two power of derivatives of the field (             )⇠ p2

<latexit sha1_base64="ooCrCSXexo8t1cm4dSb+T9jr6PE=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8ld0q6LHoxWMF+wHtWrJptg1NsmuSFcrSP+HFgyJe/Tve/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNE6easgaNRazbITFMcMUallvB2olmRIaCtcLRzdRvPTFteKzu7ThhgSQDxSNOiXVSu2u4xMlDtVcqexVvBrxM/JyUIUe9V/rq9mOaSqYsFcSYju8lNsiItpwKNil2U8MSQkdkwDqOKiKZCbLZvRN86pQ+jmLtSlk8U39PZEQaM5ah65TEDs2iNxX/8zqpja6CjKsktUzR+aIoFdjGePo87nPNqBVjRwjV3N2K6ZBoQq2LqOhC8BdfXibNasU/r1TvLsq16zyOAhzDCZyBD5dQg1uoQwMoCHiGV3hDj+gFvaOPeesKymeO4A/Q5w9xgY+T</latexit>

Be invariant under  
{

<latexit sha1_base64="7jF/axiKQ50qck453cB+aS7CDO0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtGpV76Jau7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB5zSjWk=</latexit>

Aµ(x) �! Aµ(x)�
1

e
@µ↵(x)

<latexit sha1_base64="h29u3w0pMt/9LQO6kFpN8MirkoY="></latexit>

The tensor Fµ⌫ = @µA⌫ � @⌫Aµ
<latexit sha1_base64="06ptcStb/nrNEuJljeau06s4Ye4=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIbiwzVdCNUBXEZQV7gc60ZNJMG5pkhlyEMvQ93Pgqblwo4kpw4duYXkBt/SHw851zkpw/TBhV2nW/nMzC4tLySnY1t7a+sbmV396pqdhITKo4ZrFshEgRRgWpaqoZaSSSIB4yUg/7V6N6/Z5IRWNxpwcJCTjqChpRjLRF7XzpupX63PjCDOE59BMkNUWsZRG8aFl69IPEGHHTzhfcojsWnDfe1BTAVJV2/sPvxNhwIjRmSKmm5yY6SEf3YkaGOd8okiDcR13StFYgTlSQjncbwgNLOjCKpT1CwzH9PZEirtSAh7aTI91Ts7UR/K/WNDo6C1IqEqOJwJOHIsOgjuEoKNihkmDNBtYgLKn9K8Q9JBHWNs6cDcGbXXne1EpF77hYuj0plC+ncWTBHtgHh8ADp6AMbkAFVAEGD+AJvIBX59F5dt6c90lrxpnO7II/cj6/AaYKoSw=</latexit>

is gauge invariant by itself

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

Fµ⌫Fµ⌫
<latexit sha1_base64="6aTiGAVh5cUbJh1IoRhdfnbHpvk=">AAAB/nicbZDLSgMxFIYzXmu9jYorN8EiuCozVdBlUSguK9gLdMYhk6ZtaJIZchHKUPBV3LhQxK3P4c63MW1H0NYfAh//OYdz8scpo0p73peztLyyurZe2Chubm3v7Lp7+02VGIlJAycske0YKcKoIA1NNSPtVBLEY0Za8fB6Um89EKloIu70KCUhR31BexQjba3IPazdZwE3gTBjWIt+MHJLXtmbCi6Cn0MJ5KpH7mfQTbDhRGjMkFId30t1mCGpKWZkXAyMIinCQ9QnHYsCcaLCbHr+GJ5Ypwt7ibRPaDh1f09kiCs14rHt5EgP1HxtYv5X6xjduwwzKlKjicCzRT3DoE7gJAvYpZJgzUYWEJbU3grxAEmEtU2saEPw57+8CM1K2T8rV27PS9WrPI4COALH4BT44AJUwQ2ogwbAIANP4AW8Oo/Os/PmvM9al5x85gD8kfPxDX0DldQ=</latexit>

Fits all the requirements for a gauge field kinetic term 
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(I.L18)



The coefficient is fixed asking for  Fµ⌫
<latexit sha1_base64="MhD+EJVN9qfP+GIrnmdqWxVVyjw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKexGQY9BQTxGMA/MrmF2MpsMmZld5iGEJX/hxYMiXv0bb/6Nk2QPmljQUFR1090VpYwq7XnfTmFldW19o7hZ2tre2d0r7x+0VGIkJk2csER2IqQIo4I0NdWMdFJJEI8YaUej66nffiJS0UTc63FKQo4GgsYUI22lh5vHLOAmEGbSK1e8qjeDu0z8nFQgR6NX/gr6CTacCI0ZUqrre6kOMyQ1xYxMSoFRJEV4hAaka6lAnKgwm108cU+s0nfjRNoS2p2pvycyxJUa88h2cqSHatGbiv95XaPjyzCjIjWaCDxfFBvm6sSdvu/2qSRYs7ElCEtqb3XxEEmEtQ2pZEPwF19eJq1a1T+r1u7OK/WrPI4iHMExnIIPF1CHW2hAEzAIeIZXeHOU8+K8Ox/z1oKTzxzCHzifP8WFkPs=</latexit>

to match the electromagnetic field tensor of electromagnetism 
Then, the full QED lagrangian is

L =  ̄ (i/D �m) � 1

4
Fµ⌫Fµ⌫

<latexit sha1_base64="p9fv2YKU8gMaFE08LnybpjQWEmc="></latexit>

=  ̄ (i/@ �m) � eAµ ̄�
µ � 1

4
Fµ⌫Fµ⌫

<latexit sha1_base64="odCpA0xuORB/rxeKyRLIOJ3TmEw="></latexit>

Interaction of fermion conserved current with the gauge boson field (photon) 

Fermions that are charged under the U(1) gauge symmetry do transform under the gauge transformations 

Charge in units of e:  +1 (protons, anti-charged leptons), -1 (charged leptons), 2/3 (up quarks), etc.
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Note: A mass term for the gauge boson is forbidden by gauge invariance:

M2
AAµAµ

<latexit sha1_base64="kxFlA2DtR7XARA182o+sj/ukhLw=">AAACDHicbVDLTgIxFO3gC/GFunTTSExckRk00SXoxo0JJvJIYCSdcoGGziPtHSOZ8AFu/BU3LjTGrR/gzr+xwCwUPEmbk3Puvb09XiSFRtv+tjJLyyura9n13Mbm1vZOfnevrsNYcajxUIaq6TENUgRQQ4ESmpEC5nsSGt7wcuI37kFpEQa3OIrA9Vk/ED3BGRqpky+0ER5wOifxZAzj5LpTuSuNaaXT9uPZbarsoj0FXSROSgokRbWT/2p3Qx77ECCXTOuWY0foJkyh4BLGuXasIWJ8yPrQMjRgPmg3mS4xpkdG6dJeqMwJkE7V3x0J87Ue+Z6p9BkO9Lw3Ef/zWjH2zt1EBFGMEPDZQ71YUgzpJBnaFQo4ypEhjCthdqV8wBTjaPLLmRCc+S8vknqp6JwUSzenhfJFGkeWHJBDckwcckbK5IpUSY1w8kieySt5s56sF+vd+piVZqy0Z5/8gfX5A7T9m14=</latexit>

Is not gauge invariant ) MA = 0
<latexit sha1_base64="J/z4cePC1nlkblWwLx6JKP8S9a8=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwCrtR0EaI2tgIUcwDkhBmJzfJkNkHM3fVsOQHbPwVGwtFbO3t/Bsnj0ITD1w4nHPv3LnHi6TQ6DjfVmpufmFxKb2cWVldW9+wN7fKOowVhxIPZaiqHtMgRQAlFCihGilgvieh4vUuhn7lDpQWYXCL/QgaPusEoi04QyM17b36jeh0kSkV3tM6wgOO3kw8GcMguWqeDU4d2rSzTs4Zgc4Sd0KyZIJi0/6qt0Ie+xAgl0zrmutE2EiYQsElDDL1WEPEeI91oGZowHzQjWS0eUD3jdKi7VCZCpCO1N8TCfO17vue6fQZdvW0NxT/82oxtk8aiQiiGCHg40XtWFIM6TAa2hIKOMq+IYwrYf5KeZcpxtEEmDEhuNMnz5JyPuce5vLXR9nC+SSONNkhu+SAuOSYFMglKZIS4eSRPJNX8mY9WS/Wu/Uxbk1Zk5lt8gfW5w/lG5wO</latexit>



Note: Other terms involving             and                that are both gauge and Lorentz invariant are possible  Aµ(x)
<latexit sha1_base64="bvxi3pI6IoXQSug7dnXekW560dw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9eKxgv2AdinZNNuGJtk1yYpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqtx6p0iyS92YcU1/ggWQhI9hYqX3V64qk/HTaK5bcijsDWiZeRkqQod4rfnX7EUkElYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUslFlT76ezeCTqxSh+FkbIlDZqpvydSLLQei8B2CmyGetGbiv95ncSEl37KZJwYKsl8UZhwZCI0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk2a14p1Vqnfnpdp1FkcejuAYyuDBBdTgFurQAAIcnuEV3pwH58V5dz7mrTknmzmEP3A+fwBDHI91</latexit>

 (x)
<latexit sha1_base64="ARkPOVAELOZupGtJYICaxOuJdN8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuFfRY9OKxgv2AdinZNNuGZrMhyYpl6Y/w4kERr/4eb/4b0+0etPXBwOO9GWbmBZIzbVz32ymsrW9sbhW3Szu7e/sH5cOjto4TRWiLxDxW3QBrypmgLcMMp12pKI4CTjvB5Hbudx6p0iwWD2YqqR/hkWAhI9hYqdOXmlWfzgfliltzM6BV4uWkAjmag/JXfxiTJKLCEI617nmuNH6KlWGE01mpn2gqMZngEe1ZKnBEtZ9m587QmVWGKIyVLWFQpv6eSHGk9TQKbGeEzVgve3PxP6+XmPDaT5mQiaGCLBaFCUcmRvPf0ZApSgyfWoKJYvZWRMZYYWJsQiUbgrf88ipp12veRa1+f1lp3ORxFOEETqEKHlxBA+6gCS0gMIFneIU3RzovzrvzsWgtOPnMMfyB8/kDysSPNQ==</latexit>

But they all are higher dimensional operators (HDO) (more about this in Lecture 3)
E.g. 

Fµ⌫ ̄�µ⌫ 
<latexit sha1_base64="X/PsdS1w6ZMkxsKuWxKXNeeiqcc=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiq5JUQZdFQVxWsBdoYphMJ+3QmUmYmQgl9BHc+CpuXCji1qU738ZJG0Fbfxj4+c45nDl/mDCqtON8WQuLS8srq6W18vrG5ta2vbPbUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXub19j2RisbiVo8S4nPUFzSiGGmDAvvo6i7zeOqJdOyFSHqJotBTtM9R8MNhDgO74lSdieC8cQtTAYUagf3p9WKcciI0Zkiprusk2s+Q1BQzMi57qSIJwkPUJ11jBeJE+dnkoDE8NKQHo1iaJzSc0N8TGeJKjXhoOjnSAzVby+F/tW6qo3M/oyJJNRF4uihKGdQxzNOBPSoJ1mxkDMKSmr9CPEASYW0yLJsQ3NmT502rVnVPqrWb00r9ooijBPbBATgGLjgDdXANGqAJMHgAT+AFvFqP1rP1Zr1PWxesYmYP/JH18Q3J2Z2w</latexit>

with �µ⌫ =
i

2
[�µ, �⌫ ]

<latexit sha1_base64="gPCptlKpj0bhWUD2bTPmlX75pdU=">AAACHXicbZDLSgMxFIYz9VbrrerSTbAILqTM1IJuhKIblxVsLXSGkkkzbWiSGXIRyjAv4sZXceNCERduxLcxbUfQ1gOBj/8/h5PzhwmjSrvul1NYWl5ZXSuulzY2t7Z3yrt7bRUbiUkLxyyWnRApwqggLU01I51EEsRDRu7C0dXEv7snUtFY3OpxQgKOBoJGFCNtpV657is64KiX+tz4wmTwAvqRRDilWVrLuv4Aceta8+QHhQl65YpbdacFF8HLoQLyavbKH34/xoYToTFDSnU9N9FBiqSmmJGs5BtFEoRHaEC6FgXiRAXp9LoMHlmlD6NY2ic0nKq/J1LElRrz0HZypIdq3puI/3ldo6PzIKUiMZoIPFsUGQZ1DCdRwT6VBGs2toCwpPavEA+RDUfbQEs2BG/+5EVo16reabV2U680LvM4iuAAHIJj4IEz0ADXoAlaAIMH8ARewKvz6Dw7b877rLXg5DP74E85n9+TCaLV</latexit>

Operator responsible for (g-2). If the theory is renormalizable, HDO generated by loops are finite. 
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QED : Feynman Rules

Lint. = �eAµ  ̄�µ 
<latexit sha1_base64="/Q9y0Rugc4PFHK6eXiq86HdQLuM="></latexit> )

<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

•Vertex

•Photon propagator (in momentum space)

D̃Fµ⌫(k) = � i

k2


gµ⌫ � (1� ⇠)

kµk⌫
k2

�

<latexit sha1_base64="f7CuZSTb0dLRT1hZgewo+xksWLE="></latexit>

Gauge fixing parameter ⇠
<latexit sha1_base64="Y9AsMRvmdxTQqcE8JuUntKKm/5U=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2lM120i7dbMLuRiyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LBjBP0IzqQPOSMGivdd594r1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14p1XqncX5dp1HkcBjuEEzsCDS6jBLdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gBdM43Z</latexit>

⇠ = 1
<latexit sha1_base64="Q37t11wrDnExvt0L36lFbJskwg8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYNpCG8pmu2mXbjZhdyKW0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ36zUeujUjUA45SHsS0r0QkGEUr+Z0nce11S2W34s5AlomXkzLkqHdLX51ewrKYK2SSGtP23BSDMdUomOSTYiczPKVsSPu8bamiMTfBeHbshJxapUeiRNtSSGbq74kxjY0ZxaHtjCkOzKI3Ff/z2hlGV8FYqDRDrth8UZRJggmZfk56QnOGcmQJZVrYWwkbUE0Z2nyKNgRv8eVl0qhWvPNK9f6iXLvJ4yjAMZzAGXhwCTW4gzr4wEDAM7zCm6OcF+fd+Zi3rjj5zBH8gfP5A1CDjls=</latexit>

E.g. Feynman gauge
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Example: e�e+ ! µ�µ+
<latexit sha1_base64="O0GvRobZ1x7NP2JpJiofZ6lRw34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRZBKC1JFXRZdOOygn1Ak5bJ9KYdOpOEmYlQS/FX3LhQxK3/4c6/cdJmoa0HZjiccy/33uPHjEpl299GbmV1bX0jv1nY2t7Z3TP3D5oySgSBBolYJNo+lsBoCA1FFYN2LABzn0HLH92kfusBhKRReK/GMXgcD0IaUIKVlnrmEXTL0C25KrJcnnTL6VfqmUW7Ys9gLRMnI0WUod4zv9x+RBIOoSIMS9lx7Fh5EywUJQymBTeREGMywgPoaBpiDtKbzLafWqda6VtBJPQLlTVTf3dMMJdyzH1dybEaykUvFf/zOokKrrwJDeNEQUjmg4KEWfrWNAqrTwUQxcaaYCKo3tUiQywwUTqwgg7BWTx5mTSrFee8Ur27KNauszjy6BidoDPkoEtUQ7eojhqIoEf0jF7Rm/FkvBjvxse8NGdkPYfoD4zPH/gAlEQ=</latexit>

In the Center of Mass
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Angular Distribution

d�

d cos ✓
⇠

<latexit sha1_base64="VKOjx8/YUTzjgw604tfPQtTiLrI=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCq5JUQZdFNy4r2As0oUwmk3boTBJmToQSsnXjq7hxoYhb38Cdb+O0zUJbfxj4+M85nDl/kAquwXG+rZXVtfWNzcpWdXtnd2/fPjjs6CRTlLVpIhLVC4hmgsesDRwE66WKERkI1g3GN9N694EpzZP4HiYp8yUZxjzilICxBjb2IkVoHnqaDyUpDNBEezBiQApsTDmwa07dmQkvg1tCDZVqDewvL0xoJlkMVBCt+66Tgp8TBZwKVlS9TLOU0DEZsr7BmEim/Xx2SYFPjRPiKFHmxYBn7u+JnEitJzIwnZLASC/WpuZ/tX4G0ZWf8zjNgMV0vijKBIYET2PBIVeMgpgYIFRx81dMR8REAya8qgnBXTx5GTqNunteb9xd1JrXZRwVdIxO0Bly0SVqolvUQm1E0SN6Rq/ozXqyXqx362PeumKVM0foj6zPH5YGmuQ=</latexit>

Number of events “forward" same as number of events “backwards". QED preserves parity! 

Lint. = �eAµ  ̄�µ = �eAµ ( ̄L�µ L +  ̄R�µ R)
<latexit sha1_base64="vGPRSSAlIDa+ToZLSGBg+08eV0k="></latexit>

Photon couples the same to left-handed and right-handed fermions ! (QED is a vector theory)

34



Non Abelian Gauge Theories

Continuous groups of interest are Lie Groups 
Some basic facts about Lie groups

g 2 G
<latexit sha1_base64="3DWpY/VwfnjI/Pc7rAOlTFaBC0A=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj0oMcK9gPaUDbbTbt0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2il9oB0hSK3pFcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns3gk5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTJ8nfaE5Qzm2hDIt7K2EDammDG1ERRuCt/jyMmlWK955pXp/Ua5d53EU4BhO4Aw8uIQa3EEdGsBAwjO8wpvz6Lw4787HvHXFyWeO4A+czx+nn48P</latexit>

g(↵) = 1 + i↵ata +O(↵2)
<latexit sha1_base64="Er21OHL7+9drNEgUorrCKyCuF74=">AAACG3icbVDLSgMxFM3UV62vUZdugkVoKZSZUdCNUHTjzgr2AZ223EnTNjTzIMkIZeh/uPFX3LhQxJXgwr8xbWehrQcunJxzLzf3eBFnUlnWt5FZWV1b38hu5ra2d3b3zP2DugxjQWiNhDwUTQ8k5SygNcUUp81IUPA9Thve6HrqNx6okCwM7tU4om0fBgHrMwJKS13TGRRc4NEQivgS27iE2fzZAax0lXDiEuD4dpK2dZxi18xbZWsGvEzslORRimrX/HR7IYl9GijCQcqWbUWqnYBQjHA6ybmxpBGQEQxoS9MAfCrbyey2CT7RSg/3Q6ErUHim/p5IwJdy7Hu60wc1lIveVPzPa8Wqf9FOWBDFigZkvqgfc6xCPA0K95igRPGxJkAE03/FZAgCiNJx5nQI9uLJy6TulO3TsnN3lq9cpXFk0RE6RgVko3NUQTeoimqIoEf0jF7Rm/FkvBjvxse8NWOkM4foD4yvHwjgnlQ=</latexit>

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

with the           real infinitesimal parameters and the          the generators of G  ↵a
<latexit sha1_base64="CSQSiQV0/c+zplyufs2QY7v/3PI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2lsl20y7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemJK81jem3HC/AgHkoecorFSu4siGeID9kplt+LOQJaJl5My5Kj3Sl/dfkzTiElDBWrd8dzE+Bkqw6lgk2I31SxBOsIB61gqMWLaz2b3TsipVfokjJUtachM/T2RYaT1OApsZ4RmqBe9qfif10lNeOVnXCapYZLOF4WpICYm0+dJnytGjRhbglRxeyuhQ1RIjY2oaEPwFl9eJs1qxTuvVO8uyrXrPI4CHMMJnIEHl1CDW6hDAygIeIZXeHMenRfn3fmYt644+cwR/IHz+QP9Wo/v</latexit> ta

<latexit sha1_base64="bQhSGZ91pT+gesSUUh/pc2665UU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpHh9pr1R2K+4MZJl4OSlDjnqv9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9mpE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nSKNgRv8eVl0qxWvPNK9e6iXLvO4yjAMZzAGXhwCTW4hTo0gMEAnuEV3hzpvDjvzse8dcXJZ47gD5zPH04hjc8=</latexit>

Imposing basic properties on the group elements g(0) = 1
<latexit sha1_base64="qrq1IOqkH8mM/MELQDMT2rfZCfw=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuK+hFKHrxWMF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7B219MPB4b4aZeUHMmTau++3k1tY3Nrfy24Wd3b39g+LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN/O/PYTVZpJ8WAmMfUjPBQsZAQbK7WGZff82usXS27FnQOtEi8jJcjQ6Be/egNJkogKQzjWuuu5sfFTrAwjnE4LvUTTGJMxHtKupQJHVPvp/NopOrPKAIVS2RIGzdXfEymOtJ5Ege2MsBnpZW8m/ud1ExNe+SkTcWKoIItFYcKRkWj2OhowRYnhE0swUczeisgIK0yMDahgQ/CWX14lrWrFq1Wq9xel+k0WRx5O4BTK4MEl1OEOGtAEAo/wDK/w5kjnxXl3PhatOSebOYY/cD5/APRnjhA=</latexit>

g�1
<latexit sha1_base64="swC6M8SUWhSC8jJCtNMFtxA5318=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CnosevFYwX5Au5Zsmm1js8mSZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWag0f0jNv2i9X3KqbAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU+2l27RSdWGWAQqlsCYMy9fdEiiOtJ1FgOyNsRnrRm4n/ed3EhFd+ykScGCrIfFGYcGQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQvMWXl0mrVvXOq7W7i0r9Oo+jCEdwDKfgwSXU4RYa0AQCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AIM6O1Q==</latexit>

,           ,  multiplication     

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit>

[ta, tb] = i fabc tc
<latexit sha1_base64="zZAPTZhrNHfW5hRaAopbLPjYHZs=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KCWpgm6EohuXFewDkrRMppN26OTBzI1QQjdu/BU3LhRx6z+482+ctllo64ELh3Pu5d57/ERwBZb1bSwtr6yurRc2iptb2zu75t5+U8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/eDPxWw9MKh5H9zBKmBeSfsQDTgloqWseOdAhZej4Hr7C3C0HnYz4dIxdrdGuWbIq1hR4kdg5KaEc9a755fZimoYsAiqIUo5tJeBlRAKngo2LbqpYQuiQ9JmjaURCprxs+sUYn2ilh4NY6ooAT9XfExkJlRqFvu4MCQzUvDcR//OcFIJLL+NRkgKL6GxRkAoMMZ5EgntcMgpipAmhkutbMR0QSSjo4Io6BHv+5UXSrFbss0r17rxUu87jKKBDdIxOkY0uUA3dojpqIIoe0TN6RW/Gk/FivBsfs9YlI585QH9gfP4Aa9yXPw==</latexit>

Algebra of G

G dependent constants (structure constants)fabc
<latexit sha1_base64="oFpxRCLnkMSIZrnQ2xvmWt3PBJ4=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/YA2ls120i7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtJ1Sax/LejBP0IzqQPOSMGiu1w4eMBmxCeqWyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7N7J+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm0+dJnytkRowtoUxxeythQ6ooMzaiog3BW3x5mTSrFe+8Ur27KNeu8zgKcAwncAYeXEINbqEODWAg4Ble4c15dF6cd+dj3rri5DNH8AfO5w/Oso/Q</latexit>

With 
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(See II.L14)

In general, for non infinitesimal ↵a
<latexit sha1_base64="HTAWHgnLgHBAlKuc3rTe2GiQf4M=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lsl20y7dbMLuRiihv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemJK81jem3HC/AgHkoecorHSQxdFMsRHJL1S2a24M5Bl4uWkDDnqvdJXtx/TNGLSUIFadzw3MX6GynAq2KTYTTVLkI5wwDqWSoyY9rPZwRNyapU+CWNlSxoyU39PZBhpPY4C2xmhGepFbyr+53VSE175GZdJapik80VhKoiJyfR70ueKUSPGliBV3N5K6BAVUmMzKtoQvMWXl0mzWvHOK9W7i3LtOo+jAMdwAmfgwSXU4Bbq0AAKETzDK7w5ynlx3p2PeeuKk88cwR84nz9V/JAZ</latexit>

‘s g(↵) = ei↵
ata

<latexit sha1_base64="NGZTMQ7XeQQDLwEiBzLsJTqH9Js=">AAACBnicbVDLSgMxFM34rPU16lKEYBHqpsxUQTdC0Y3LCvYB7bTcSTNtaCYzJBmhDF258VfcuFDErd/gzr8xbWehrQcunJxzL7n3+DFnSjvOt7W0vLK6tp7byG9ube/s2nv7dRUlktAaiXgkmz4oypmgNc00p81YUgh9Thv+8GbiNx6oVCwS93oUUy+EvmABI6CN1LWP+sU28HgAp/gK007KZq8OYN2BcdcuOCVnCrxI3IwUUIZq1/5q9yKShFRowkGpluvE2ktBakY4HefbiaIxkCH0actQASFVXjo9Y4xPjNLDQSRNCY2n6u+JFEKlRqFvOkPQAzXvTcT/vFaig0svZSJONBVk9lGQcKwjPMkE95ikRPORIUAkM7tiMgAJRJvk8iYEd/7kRVIvl9yzUvnuvFC5zuLIoUN0jIrIRReogm5RFdUQQY/oGb2iN+vJerHerY9Z65KVzRygP7A+fwCwN5gA</latexit>



Lie Groups of Interest: 

•SU(N): Unitary transformations of N-dimensional vectors

If       and      are N-dim. vectors u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit> an element   g 2 SU(N)

<latexit sha1_base64="pnWCOfyGg6yy3Wxf76nUD/fwzIM=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRiyepaNpCGspmu2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LBDbjut7Oyura+sVnaKm/v7O7tVw4OW0ZlmjKfKqF0JyKGCS6ZDxwE66SakSQSrB2NbqZ++4lpw5V8hHHKwoQMJI85JWClYIC7XOIHv3Z31qtU3bo7A14mXkGqqECzV/nq9hXNEiaBCmJM4LkphDnRwKlgk3I3MywldEQGLLBUkoSZMJ+dPMGnVunjWGlbEvBM/T2Rk8SYcRLZzoTA0Cx6U/E/L8ggvgpzLtMMmKTzRXEmMCg8/R/3uWYUxNgSQjW3t2I6JJpQsCmVbQje4svLpHVe99y6d39RbVwXcZTQMTpBNeShS9RAt6iJfESRQs/oFb054Lw4787HvHXFKWaO0B84nz9w+5AJ</latexit><latexit sha1_base64="pnWCOfyGg6yy3Wxf76nUD/fwzIM=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRiyepaNpCGspmu2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LBDbjut7Oyura+sVnaKm/v7O7tVw4OW0ZlmjKfKqF0JyKGCS6ZDxwE66SakSQSrB2NbqZ++4lpw5V8hHHKwoQMJI85JWClYIC7XOIHv3Z31qtU3bo7A14mXkGqqECzV/nq9hXNEiaBCmJM4LkphDnRwKlgk3I3MywldEQGLLBUkoSZMJ+dPMGnVunjWGlbEvBM/T2Rk8SYcRLZzoTA0Cx6U/E/L8ggvgpzLtMMmKTzRXEmMCg8/R/3uWYUxNgSQjW3t2I6JJpQsCmVbQje4svLpHVe99y6d39RbVwXcZTQMTpBNeShS9RAt6iJfESRQs/oFb054Lw4787HvHXFKWaO0B84nz9w+5AJ</latexit><latexit sha1_base64="pnWCOfyGg6yy3Wxf76nUD/fwzIM=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRiyepaNpCGspmu2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LBDbjut7Oyura+sVnaKm/v7O7tVw4OW0ZlmjKfKqF0JyKGCS6ZDxwE66SakSQSrB2NbqZ++4lpw5V8hHHKwoQMJI85JWClYIC7XOIHv3Z31qtU3bo7A14mXkGqqECzV/nq9hXNEiaBCmJM4LkphDnRwKlgk3I3MywldEQGLLBUkoSZMJ+dPMGnVunjWGlbEvBM/T2Rk8SYcRLZzoTA0Cx6U/E/L8ggvgpzLtMMmKTzRXEmMCg8/R/3uWYUxNgSQjW3t2I6JJpQsCmVbQje4svLpHVe99y6d39RbVwXcZTQMTpBNeShS9RAt6iJfESRQs/oFb054Lw4787HvHXFKWaO0B84nz9w+5AJ</latexit><latexit sha1_base64="pnWCOfyGg6yy3Wxf76nUD/fwzIM=">AAAB8nicbVBNS8NAEN34WetX1aOXxSLUS0lE0GPRiyepaNpCGspmu2mXbnbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMi1LBDbjut7Oyura+sVnaKm/v7O7tVw4OW0ZlmjKfKqF0JyKGCS6ZDxwE66SakSQSrB2NbqZ++4lpw5V8hHHKwoQMJI85JWClYIC7XOIHv3Z31qtU3bo7A14mXkGqqECzV/nq9hXNEiaBCmJM4LkphDnRwKlgk3I3MywldEQGLLBUkoSZMJ+dPMGnVunjWGlbEvBM/T2Rk8SYcRLZzoTA0Cx6U/E/L8ggvgpzLtMMmKTzRXEmMCg8/R/3uWYUxNgSQjW3t2I6JJpQsCmVbQje4svLpHVe99y6d39RbVwXcZTQMTpBNeShS9RAt6iJfESRQs/oFb054Lw4787HvHXFKWaO0B84nz9w+5AJ</latexit>

must preserve

u†v
<latexit sha1_base64="oaazu4L8HilekIvWneMcnghKpsE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAay2azSZdudsPuplBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXZpxp47rfztr6xubWdmWnuru3f3BYOzruaJkrQttEcql6IdaUM0HbhhlOe5miOA057Yaju5nfHVOlmRSPZpLRIMWJYDEj2FjJz5/6EU4SqtB4UKu7DXcOtEq8ktShRGtQ++pHkuQpFYZwrLXvuZkJCqwMI5xOq/1c0wyTEU6ob6nAKdVBMT95is6tEqFYKlvCoLn6e6LAqdaTNLSdKTZDvezNxP88PzfxTVAwkeWGCrJYFOccGYlm/6OIKUoMn1iCiWL2VkSGWGFibEpVG4K3/PIq6Vw2PLfhPVzVm7dlHBU4hTO4AA+uoQn30II2EJDwDK/w5hjnxXl3Phata045cwJ/4Hz+AA7jkRc=</latexit><latexit sha1_base64="oaazu4L8HilekIvWneMcnghKpsE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAay2azSZdudsPuplBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXZpxp47rfztr6xubWdmWnuru3f3BYOzruaJkrQttEcql6IdaUM0HbhhlOe5miOA057Yaju5nfHVOlmRSPZpLRIMWJYDEj2FjJz5/6EU4SqtB4UKu7DXcOtEq8ktShRGtQ++pHkuQpFYZwrLXvuZkJCqwMI5xOq/1c0wyTEU6ob6nAKdVBMT95is6tEqFYKlvCoLn6e6LAqdaTNLSdKTZDvezNxP88PzfxTVAwkeWGCrJYFOccGYlm/6OIKUoMn1iCiWL2VkSGWGFibEpVG4K3/PIq6Vw2PLfhPVzVm7dlHBU4hTO4AA+uoQn30II2EJDwDK/w5hjnxXl3Phata045cwJ/4Hz+AA7jkRc=</latexit><latexit sha1_base64="oaazu4L8HilekIvWneMcnghKpsE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAay2azSZdudsPuplBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXZpxp47rfztr6xubWdmWnuru3f3BYOzruaJkrQttEcql6IdaUM0HbhhlOe5miOA057Yaju5nfHVOlmRSPZpLRIMWJYDEj2FjJz5/6EU4SqtB4UKu7DXcOtEq8ktShRGtQ++pHkuQpFYZwrLXvuZkJCqwMI5xOq/1c0wyTEU6ob6nAKdVBMT95is6tEqFYKlvCoLn6e6LAqdaTNLSdKTZDvezNxP88PzfxTVAwkeWGCrJYFOccGYlm/6OIKUoMn1iCiWL2VkSGWGFibEpVG4K3/PIq6Vw2PLfhPVzVm7dlHBU4hTO4AA+uoQn30II2EJDwDK/w5hjnxXl3Phata045cwJ/4Hz+AA7jkRc=</latexit><latexit sha1_base64="oaazu4L8HilekIvWneMcnghKpsE=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAay2azSZdudsPuplBCf4YXD4p49dd489+4bXPQ1gcDj/dmmJkXZpxp47rfztr6xubWdmWnuru3f3BYOzruaJkrQttEcql6IdaUM0HbhhlOe5miOA057Yaju5nfHVOlmRSPZpLRIMWJYDEj2FjJz5/6EU4SqtB4UKu7DXcOtEq8ktShRGtQ++pHkuQpFYZwrLXvuZkJCqwMI5xOq/1c0wyTEU6ob6nAKdVBMT95is6tEqFYKlvCoLn6e6LAqdaTNLSdKTZDvezNxP88PzfxTVAwkeWGCrJYFOccGYlm/6OIKUoMn1iCiWL2VkSGWGFibEpVG4K3/PIq6Vw2PLfhPVzVm7dlHBU4hTO4AA+uoQn30II2EJDwDK/w5hjnxXl3Phata045cwJ/4Hz+AA7jkRc=</latexit>

)
<latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit>

u ! g u , v ! g v ,
<latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit><latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit><latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="jjBmfOJYPLRz/wN8tNDqNcOmnsE=">AAACA3icbVDLSgMxFL1TX7VWHd26CZaCi1Jm3OhScOOygn1AZyiZTKYNzTyaR6EM7Q+48VfcuFDEf3Dn35g+BG09cMPhnITcc4KMM6kc58sqbG3v7O4V90sH5cOjY/uk3JKpFoQ2ScpT0QmwpJwltKmY4rSTCYrjgNN2MLyd++0xFZKlyYOaZNSPcT9hESNYGalnV7WnUtT3akjPat5opHG4PNH4xxjPaj274tSdBdAmcVekAis0evanF6ZExzRRhGMpu66TKT/HQjHC6bTkaUkzTIa4T7uGJjim0s8XcaaoapQQRakwkyi0UH+/yHEs5SQOzM0Yq4Fc9+bif15Xq+jaz1mSaUUTsvwo0hyZoPNuUMgEJYpPDMFEMLMrIgMsMFGmwZIpwV2PvElal3XXqbv3DhThDM7hAly4ghu4gwY0gcAjPMMrvFlP1ov1vqyrYK16O4U/sD6+Afzhmbo=</latexit><latexit sha1_base64="jjBmfOJYPLRz/wN8tNDqNcOmnsE=">AAACA3icbVDLSgMxFL1TX7VWHd26CZaCi1Jm3OhScOOygn1AZyiZTKYNzTyaR6EM7Q+48VfcuFDEf3Dn35g+BG09cMPhnITcc4KMM6kc58sqbG3v7O4V90sH5cOjY/uk3JKpFoQ2ScpT0QmwpJwltKmY4rSTCYrjgNN2MLyd++0xFZKlyYOaZNSPcT9hESNYGalnV7WnUtT3akjPat5opHG4PNH4xxjPaj274tSdBdAmcVekAis0evanF6ZExzRRhGMpu66TKT/HQjHC6bTkaUkzTIa4T7uGJjim0s8XcaaoapQQRakwkyi0UH+/yHEs5SQOzM0Yq4Fc9+bif15Xq+jaz1mSaUUTsvwo0hyZoPNuUMgEJYpPDMFEMLMrIgMsMFGmwZIpwV2PvElal3XXqbv3DhThDM7hAly4ghu4gwY0gcAjPMMrvFlP1ov1vqyrYK16O4U/sD6+Afzhmbo=</latexit><latexit sha1_base64="hAtq87LwsD54QgwHMVK8YqBkcmM=">AAACDnicbVA7T8MwGHR4lvIKMLJYVJUYqiphgbGChbFI9CE1UeU4TmvVcVI/KlVR+wdY+CssDCDEyszGv8FtgwQtJ9k63X2f7LsgZVQqx/my1tY3Nre2CzvF3b39g0P76LgpEy0waeCEJaIdIEkY5aShqGKknQqC4oCRVjC4mfmtERGSJvxejVPix6jHaUQxUkbq2mXtqQT2vArU04o3HGoULm44+jFG00rXLjlVZw64StyclECOetf+9MIE65hwhRmSsuM6qfIzJBTFjEyKnpYkRXiAeqRjKEcxkX42jzOBZaOEMEqEOVzBufp7I0OxlOM4MJMxUn257M3E/7yOVtGVn1GeakU4XjwUaQZN0Fk3MKSCYMXGhiAsqPkrxH0kEFamwaIpwV2OvEqaF1XXqbp3Tql2nddRAKfgDJwDF1yCGrgFddAAGDyAJ/ACXq1H69l6s94Xo2tWvnMC/sD6+Aal35sv</latexit><latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit><latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit><latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit><latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit><latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit><latexit sha1_base64="8n6VZ/JJ46IHGOMq+pArKZfZvJo=">AAACDnicbVBLSwMxGMzWV62vVY9egqXgoZRdEfRY9OKxgn1AdynZbLYNzWa3eRTK0v4BL/4VLx4U8erZm//G9CFo60DCMPN9JDNByqhUjvNl5dbWNza38tuFnd29/QP78KghEy0wqeOEJaIVIEkY5aSuqGKklQqC4oCRZtC/mfrNIRGSJvxejVLix6jLaUQxUkbq2CXtqQR2vTLUk7I3GGgUzm84/DGGk3LHLjoVZwa4StwFKYIFah370wsTrGPCFWZIyrbrpMrPkFAUMzIueFqSFOE+6pK2oRzFRPrZLM4YlowSwigR5nAFZ+rvjQzFUo7iwEzGSPXksjcV//PaWkVXfkZ5qhXheP5QpBk0QafdwJAKghUbGYKwoOavEPeQQFiZBgumBHc58ippnFdcp+LeXRSr14s68uAEnIIz4IJLUAW3oAbqAIMH8ARewKv1aD1bb9b7fDRnLXaOwR9YH9+nH5sz</latexit>

u†v ! u†g† gv = u†v
<latexit sha1_base64="NqL7ou8+6Vhd6ev/DT9aeIf8AbA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEaFuhKIblxVsK3RqyWTOTEMzF5JMoQx9FDe+ihsXiuhOn8a0HbS2Hgh8+f9zSM7vJpxJZVmfRmFpeWV1rbhe2tjc2t4xd/eaMk4FhQaNeSzuXCKBswgaiikOd4kAErocWm7/auy3BiAki6NbNUygE5IgYj6jRGmpa1bTe8cjQQACD7CjYvx7D37IOQm0ezHjDbpm2apYk8KLYOdQRnnVu+aH48U0DSFSlBMp27aVqE5GhGKUw6jkpBISQvskgLbGiIQgO9lkwRE+0oqH/VjoEyk8UWcnMhJKOQxd3RkS1ZPz3lj8z2unyj/vZCxKUgURnT7kpxzrIMZpYY8JoIoPNRAqmP4rpj0iCFU605IOwZ5feRGapxXbqtg3Z+XaZR5HER2gQ3SMbFRFNXSN6qiBKHpAT+gFvRqPxrPxZrxPWwtGPrOP/pTx9Q3HY6IU</latexit><latexit sha1_base64="NqL7ou8+6Vhd6ev/DT9aeIf8AbA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEaFuhKIblxVsK3RqyWTOTEMzF5JMoQx9FDe+ihsXiuhOn8a0HbS2Hgh8+f9zSM7vJpxJZVmfRmFpeWV1rbhe2tjc2t4xd/eaMk4FhQaNeSzuXCKBswgaiikOd4kAErocWm7/auy3BiAki6NbNUygE5IgYj6jRGmpa1bTe8cjQQACD7CjYvx7D37IOQm0ezHjDbpm2apYk8KLYOdQRnnVu+aH48U0DSFSlBMp27aVqE5GhGKUw6jkpBISQvskgLbGiIQgO9lkwRE+0oqH/VjoEyk8UWcnMhJKOQxd3RkS1ZPz3lj8z2unyj/vZCxKUgURnT7kpxzrIMZpYY8JoIoPNRAqmP4rpj0iCFU605IOwZ5feRGapxXbqtg3Z+XaZR5HER2gQ3SMbFRFNXSN6qiBKHpAT+gFvRqPxrPxZrxPWwtGPrOP/pTx9Q3HY6IU</latexit><latexit sha1_base64="NqL7ou8+6Vhd6ev/DT9aeIf8AbA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEaFuhKIblxVsK3RqyWTOTEMzF5JMoQx9FDe+ihsXiuhOn8a0HbS2Hgh8+f9zSM7vJpxJZVmfRmFpeWV1rbhe2tjc2t4xd/eaMk4FhQaNeSzuXCKBswgaiikOd4kAErocWm7/auy3BiAki6NbNUygE5IgYj6jRGmpa1bTe8cjQQACD7CjYvx7D37IOQm0ezHjDbpm2apYk8KLYOdQRnnVu+aH48U0DSFSlBMp27aVqE5GhGKUw6jkpBISQvskgLbGiIQgO9lkwRE+0oqH/VjoEyk8UWcnMhJKOQxd3RkS1ZPz3lj8z2unyj/vZCxKUgURnT7kpxzrIMZpYY8JoIoPNRAqmP4rpj0iCFU605IOwZ5feRGapxXbqtg3Z+XaZR5HER2gQ3SMbFRFNXSN6qiBKHpAT+gFvRqPxrPxZrxPWwtGPrOP/pTx9Q3HY6IU</latexit><latexit sha1_base64="NqL7ou8+6Vhd6ev/DT9aeIf8AbA=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXEiZEaFuhKIblxVsK3RqyWTOTEMzF5JMoQx9FDe+ihsXiuhOn8a0HbS2Hgh8+f9zSM7vJpxJZVmfRmFpeWV1rbhe2tjc2t4xd/eaMk4FhQaNeSzuXCKBswgaiikOd4kAErocWm7/auy3BiAki6NbNUygE5IgYj6jRGmpa1bTe8cjQQACD7CjYvx7D37IOQm0ezHjDbpm2apYk8KLYOdQRnnVu+aH48U0DSFSlBMp27aVqE5GhGKUw6jkpBISQvskgLbGiIQgO9lkwRE+0oqH/VjoEyk8UWcnMhJKOQxd3RkS1ZPz3lj8z2unyj/vZCxKUgURnT7kpxzrIMZpYY8JoIoPNRAqmP4rpj0iCFU605IOwZ5feRGapxXbqtg3Z+XaZR5HER2gQ3SMbFRFNXSN6qiBKHpAT+gFvRqPxrPxZrxPWwtGPrOP/pTx9Q3HY6IU</latexit>

Then requires 

g† = g�1
<latexit sha1_base64="lXVjPDspO3k1aNN1Lob0IHh6T54=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYklE0ItQ9OKxgv2ANi2bzTRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKe0439bK6tr6xmZpq7y9s7u3bx9UWipOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sf30799iNIxWLxoCcJeBEJBRsySrSRBnYl7PcCEoYg8TUO+9mZmw/sqlNzZsDLxC1IFRVoDOyvXhDTNAKhKSdKdV0n0V5GpGaUQ17upQoSQsckhK6hgkSgvGx2e45PjBLgYSxNCY1n6u+JjERKTSLfdEZEj9SiNxX/87qpHl55GRNJqkHQ+aJhyrGO8TQIHDAJVPOJIYRKZm7FdEQkodrEVTYhuIsvL5PWec11au79RbV+U8RRQkfoGJ0iF12iOrpDDdREFD2hZ/SK3qzcerHerY9564pVzByiP7A+fwCg9pOC</latexit><latexit sha1_base64="lXVjPDspO3k1aNN1Lob0IHh6T54=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYklE0ItQ9OKxgv2ANi2bzTRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKe0439bK6tr6xmZpq7y9s7u3bx9UWipOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sf30799iNIxWLxoCcJeBEJBRsySrSRBnYl7PcCEoYg8TUO+9mZmw/sqlNzZsDLxC1IFRVoDOyvXhDTNAKhKSdKdV0n0V5GpGaUQ17upQoSQsckhK6hgkSgvGx2e45PjBLgYSxNCY1n6u+JjERKTSLfdEZEj9SiNxX/87qpHl55GRNJqkHQ+aJhyrGO8TQIHDAJVPOJIYRKZm7FdEQkodrEVTYhuIsvL5PWec11au79RbV+U8RRQkfoGJ0iF12iOrpDDdREFD2hZ/SK3qzcerHerY9564pVzByiP7A+fwCg9pOC</latexit><latexit sha1_base64="lXVjPDspO3k1aNN1Lob0IHh6T54=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYklE0ItQ9OKxgv2ANi2bzTRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKe0439bK6tr6xmZpq7y9s7u3bx9UWipOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sf30799iNIxWLxoCcJeBEJBRsySrSRBnYl7PcCEoYg8TUO+9mZmw/sqlNzZsDLxC1IFRVoDOyvXhDTNAKhKSdKdV0n0V5GpGaUQ17upQoSQsckhK6hgkSgvGx2e45PjBLgYSxNCY1n6u+JjERKTSLfdEZEj9SiNxX/87qpHl55GRNJqkHQ+aJhyrGO8TQIHDAJVPOJIYRKZm7FdEQkodrEVTYhuIsvL5PWec11au79RbV+U8RRQkfoGJ0iF12iOrpDDdREFD2hZ/SK3qzcerHerY9564pVzByiP7A+fwCg9pOC</latexit><latexit sha1_base64="lXVjPDspO3k1aNN1Lob0IHh6T54=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwYklE0ItQ9OKxgv2ANi2bzTRdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ5yecKe0439bK6tr6xmZpq7y9s7u3bx9UWipOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sf30799iNIxWLxoCcJeBEJBRsySrSRBnYl7PcCEoYg8TUO+9mZmw/sqlNzZsDLxC1IFRVoDOyvXhDTNAKhKSdKdV0n0V5GpGaUQ17upQoSQsckhK6hgkSgvGx2e45PjBLgYSxNCY1n6u+JjERKTSLfdEZEj9SiNxX/87qpHl55GRNJqkHQ+aJhyrGO8TQIHDAJVPOJIYRKZm7FdEQkodrEVTYhuIsvL5PWec11au79RbV+U8RRQkfoGJ0iF12iOrpDDdREFD2hZ/SK3qzcerHerY9564pVzByiP7A+fwCg9pOC</latexit>

     must be a unitary matrixg
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit>

So we conclude that

But then, we can write  

g = eiH
<latexit sha1_base64="EodeaWz6fQPTXpuA7+a1QnVjurs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXnqsYD+wjWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rG8N+ME/YgOJA85o8ZKDwNyTfAx47VJr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbxhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUtCF4iy8vk+Z5xXMr3t1FuXqTx1GAYziBM/DgEqpQgzo0gIGEZ3iFN0c7L8678zFvXXHymSP4A+fzB49FkC4=</latexit><latexit sha1_base64="EodeaWz6fQPTXpuA7+a1QnVjurs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXnqsYD+wjWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rG8N+ME/YgOJA85o8ZKDwNyTfAx47VJr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbxhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUtCF4iy8vk+Z5xXMr3t1FuXqTx1GAYziBM/DgEqpQgzo0gIGEZ3iFN0c7L8678zFvXXHymSP4A+fzB49FkC4=</latexit><latexit sha1_base64="EodeaWz6fQPTXpuA7+a1QnVjurs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXnqsYD+wjWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rG8N+ME/YgOJA85o8ZKDwNyTfAx47VJr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbxhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUtCF4iy8vk+Z5xXMr3t1FuXqTx1GAYziBM/DgEqpQgzo0gIGEZ3iFN0c7L8678zFvXXHymSP4A+fzB49FkC4=</latexit><latexit sha1_base64="EodeaWz6fQPTXpuA7+a1QnVjurs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXnqsYD+wjWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rG8N+ME/YgOJA85o8ZKDwNyTfAx47VJr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbxhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+j7pc4XMiLEllClubyVsSBVlxoZUtCF4iy8vk+Z5xXMr3t1FuXqTx1GAYziBM/DgEqpQgzo0gIGEZ3iFN0c7L8678zFvXXHymSP4A+fzB49FkC4=</latexit>

With        a hermitian matrix H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>
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Remembering that g = ei↵
ata = 1 + i↵ata + . . .

<latexit sha1_base64="u9IiIcVRq0LIt8HltJNdtP6dSbg=">AAACGHicbVDJSgNBFOyJW4xb1KOXxiAIgTgjgl6EoBePEcwCySS86fQkTXoWut8IYchnePFXvHhQxGtu/o2d5WASCxqKqle8fuXFUmi07R8rs7a+sbmV3c7t7O7tH+QPj2o6ShTjVRbJSDU80FyKkFdRoOSNWHEIPMnr3uB+4tefudIiCp9wGHM3gF4ofMEAjdTJX/ToLeXtVLRAxn1oA8U2jIzmFBckWqStboS6ky/YJXsKukqcOSmQOSqd/NjkWBLwEJkErZuOHaObgkLBJB/lWonmMbAB9HjT0BACrt10etiInhmlS/1ImRcinap/EykEWg8Dz0wGgH297E3E/7xmgv6Nm4owTpCHbLbITyTFiE5aol2hOEM5NASYEuavlPVBAUPTZc6U4CyfvEpqlyXHLjmPV4Xy3byOLDkhp+ScOOSalMkDqZAqYeSFvJEP8mm9Wu/Wl/U9G81Y88wxWYA1/gWJ9J40</latexit><latexit sha1_base64="u9IiIcVRq0LIt8HltJNdtP6dSbg=">AAACGHicbVDJSgNBFOyJW4xb1KOXxiAIgTgjgl6EoBePEcwCySS86fQkTXoWut8IYchnePFXvHhQxGtu/o2d5WASCxqKqle8fuXFUmi07R8rs7a+sbmV3c7t7O7tH+QPj2o6ShTjVRbJSDU80FyKkFdRoOSNWHEIPMnr3uB+4tefudIiCp9wGHM3gF4ofMEAjdTJX/ToLeXtVLRAxn1oA8U2jIzmFBckWqStboS6ky/YJXsKukqcOSmQOSqd/NjkWBLwEJkErZuOHaObgkLBJB/lWonmMbAB9HjT0BACrt10etiInhmlS/1ImRcinap/EykEWg8Dz0wGgH297E3E/7xmgv6Nm4owTpCHbLbITyTFiE5aol2hOEM5NASYEuavlPVBAUPTZc6U4CyfvEpqlyXHLjmPV4Xy3byOLDkhp+ScOOSalMkDqZAqYeSFvJEP8mm9Wu/Wl/U9G81Y88wxWYA1/gWJ9J40</latexit><latexit sha1_base64="u9IiIcVRq0LIt8HltJNdtP6dSbg=">AAACGHicbVDJSgNBFOyJW4xb1KOXxiAIgTgjgl6EoBePEcwCySS86fQkTXoWut8IYchnePFXvHhQxGtu/o2d5WASCxqKqle8fuXFUmi07R8rs7a+sbmV3c7t7O7tH+QPj2o6ShTjVRbJSDU80FyKkFdRoOSNWHEIPMnr3uB+4tefudIiCp9wGHM3gF4ofMEAjdTJX/ToLeXtVLRAxn1oA8U2jIzmFBckWqStboS6ky/YJXsKukqcOSmQOSqd/NjkWBLwEJkErZuOHaObgkLBJB/lWonmMbAB9HjT0BACrt10etiInhmlS/1ImRcinap/EykEWg8Dz0wGgH297E3E/7xmgv6Nm4owTpCHbLbITyTFiE5aol2hOEM5NASYEuavlPVBAUPTZc6U4CyfvEpqlyXHLjmPV4Xy3byOLDkhp+ScOOSalMkDqZAqYeSFvJEP8mm9Wu/Wl/U9G81Y88wxWYA1/gWJ9J40</latexit><latexit sha1_base64="u9IiIcVRq0LIt8HltJNdtP6dSbg=">AAACGHicbVDJSgNBFOyJW4xb1KOXxiAIgTgjgl6EoBePEcwCySS86fQkTXoWut8IYchnePFXvHhQxGtu/o2d5WASCxqKqle8fuXFUmi07R8rs7a+sbmV3c7t7O7tH+QPj2o6ShTjVRbJSDU80FyKkFdRoOSNWHEIPMnr3uB+4tefudIiCp9wGHM3gF4ofMEAjdTJX/ToLeXtVLRAxn1oA8U2jIzmFBckWqStboS6ky/YJXsKukqcOSmQOSqd/NjkWBLwEJkErZuOHaObgkLBJB/lWonmMbAB9HjT0BACrt10etiInhmlS/1ImRcinap/EykEWg8Dz0wGgH297E3E/7xmgv6Nm4owTpCHbLbITyTFiE5aol2hOEM5NASYEuavlPVBAUPTZc6U4CyfvEpqlyXHLjmPV4Xy3byOLDkhp+ScOOSalMkDqZAqYeSFvJEP8mm9Wu/Wl/U9G81Y88wxWYA1/gWJ9J40</latexit>

The generators         must be hermitian matricesta
<latexit sha1_base64="b+L5LbQZEWyJwFb30GlHU9hwmqE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile3yk/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAIz/AKb450Xpx352PRWnDymWP4A+fzB0zTjcs=</latexit><latexit sha1_base64="b+L5LbQZEWyJwFb30GlHU9hwmqE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile3yk/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAIz/AKb450Xpx352PRWnDymWP4A+fzB0zTjcs=</latexit><latexit sha1_base64="b+L5LbQZEWyJwFb30GlHU9hwmqE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile3yk/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAIz/AKb450Xpx352PRWnDymWP4A+fzB0zTjcs=</latexit><latexit sha1_base64="b+L5LbQZEWyJwFb30GlHU9hwmqE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0sWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2ile3yk/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAIz/AKb450Xpx352PRWnDymWP4A+fzB0zTjcs=</latexit>

But so far, this describes a group called U(N). This is because it includes as one group element just a phase
transformation

u ! ei✓I u
<latexit sha1_base64="Llq9nZPbEkYIgkeCWNzNnGU1tLs=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgEDxJmRNBj0IveIpgFMmPo6dQkTXoWumuEMAT8FS8eFPHqd3jzb+wsB018UPB4r4qqekEqhUbH+bYKS8srq2vF9dLG5tb2jr2719BJpjjUeSIT1QqYBiliqKNACa1UAYsCCc1gcD32m4+gtEjiexym4EesF4tQcIZG6tgHmYcJhYdceNgHZPR25J1mHbvsVJwJ6CJxZ6RMZqh17C+vm/Asghi5ZFq3XSdFP2cKBZcwKnmZhpTxAetB29CYRaD9fHL+iB4bpUvDRJmKkU7U3xM5i7QeRoHpjBj29bw3Fv/z2hmGl34u4jRDiPl0UZhJaj4eZ0G7QgFHOTSEcSXMrZT3mWIcTWIlE4I7//IiaZxVXKfi3p2Xq1ezOIrkkByRE+KSC1IlN6RG6oSTnDyTV/JmPVkv1rv1MW0tWLOZffIH1ucPtMuVTQ==</latexit><latexit sha1_base64="Llq9nZPbEkYIgkeCWNzNnGU1tLs=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgEDxJmRNBj0IveIpgFMmPo6dQkTXoWumuEMAT8FS8eFPHqd3jzb+wsB018UPB4r4qqekEqhUbH+bYKS8srq2vF9dLG5tb2jr2719BJpjjUeSIT1QqYBiliqKNACa1UAYsCCc1gcD32m4+gtEjiexym4EesF4tQcIZG6tgHmYcJhYdceNgHZPR25J1mHbvsVJwJ6CJxZ6RMZqh17C+vm/Asghi5ZFq3XSdFP2cKBZcwKnmZhpTxAetB29CYRaD9fHL+iB4bpUvDRJmKkU7U3xM5i7QeRoHpjBj29bw3Fv/z2hmGl34u4jRDiPl0UZhJaj4eZ0G7QgFHOTSEcSXMrZT3mWIcTWIlE4I7//IiaZxVXKfi3p2Xq1ezOIrkkByRE+KSC1IlN6RG6oSTnDyTV/JmPVkv1rv1MW0tWLOZffIH1ucPtMuVTQ==</latexit><latexit sha1_base64="Llq9nZPbEkYIgkeCWNzNnGU1tLs=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgEDxJmRNBj0IveIpgFMmPo6dQkTXoWumuEMAT8FS8eFPHqd3jzb+wsB018UPB4r4qqekEqhUbH+bYKS8srq2vF9dLG5tb2jr2719BJpjjUeSIT1QqYBiliqKNACa1UAYsCCc1gcD32m4+gtEjiexym4EesF4tQcIZG6tgHmYcJhYdceNgHZPR25J1mHbvsVJwJ6CJxZ6RMZqh17C+vm/Asghi5ZFq3XSdFP2cKBZcwKnmZhpTxAetB29CYRaD9fHL+iB4bpUvDRJmKkU7U3xM5i7QeRoHpjBj29bw3Fv/z2hmGl34u4jRDiPl0UZhJaj4eZ0G7QgFHOTSEcSXMrZT3mWIcTWIlE4I7//IiaZxVXKfi3p2Xq1ezOIrkkByRE+KSC1IlN6RG6oSTnDyTV/JmPVkv1rv1MW0tWLOZffIH1ucPtMuVTQ==</latexit><latexit sha1_base64="Llq9nZPbEkYIgkeCWNzNnGU1tLs=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgEDxJmRNBj0IveIpgFMmPo6dQkTXoWumuEMAT8FS8eFPHqd3jzb+wsB018UPB4r4qqekEqhUbH+bYKS8srq2vF9dLG5tb2jr2719BJpjjUeSIT1QqYBiliqKNACa1UAYsCCc1gcD32m4+gtEjiexym4EesF4tQcIZG6tgHmYcJhYdceNgHZPR25J1mHbvsVJwJ6CJxZ6RMZqh17C+vm/Asghi5ZFq3XSdFP2cKBZcwKnmZhpTxAetB29CYRaD9fHL+iB4bpUvDRJmKkU7U3xM5i7QeRoHpjBj29bw3Fv/z2hmGl34u4jRDiPl0UZhJaj4eZ0G7QgFHOTSEcSXMrZT3mWIcTWIlE4I7//IiaZxVXKfi3p2Xq1ezOIrkkByRE+KSC1IlN6RG6oSTnDyTV/JmPVkv1rv1MW0tWLOZffIH1ucPtMuVTQ==</latexit>

where I is the NxN identity

This element constitutes a U(1) subgroup of U(N). If we want to separate it, we can demand that 

det[g] = 1
<latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit><latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit><latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3AQuVZnsshPKao1mIzekb6Elq/E=">AAAB5HicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjW4EwY3LCvYB06FkMnfa0MzD5I5Qhv4JNy4U8Te589+YPhbaeiDwcU5C7j1hrqQh1/12Nja3tnd2K3vV/drB4VH9uNYxWaEFtkWmMt0LuUElU2yTJIW9XCNPQoXdcHw3y7vPqI3M0kea5BgkfJjKWApO1upFSP4wuPEG9YbbdOdi6+AtoQFLtQb1r36UiSLBlITixviem1NQck1SKJxW+4XBnIsxH6JvMeUJmqCczztl59aJWJxpe1Jic/f3i5InxkyS0N5MOI3MajYz/8v8guLroJRpXhCmYvFRXChGGZstzyKpUZCaWOBCSzsrEyOuuSBbUdWW4K2uvA6dy6bnNr0HFypwCmdwAR5cwS3cQwvaIEDBC7zBu/PkvDofi7o2nGVvJ/BHzucPSDyOOg==</latexit><latexit sha1_base64="3AQuVZnsshPKao1mIzekb6Elq/E=">AAAB5HicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjW4EwY3LCvYB06FkMnfa0MzD5I5Qhv4JNy4U8Te589+YPhbaeiDwcU5C7j1hrqQh1/12Nja3tnd2K3vV/drB4VH9uNYxWaEFtkWmMt0LuUElU2yTJIW9XCNPQoXdcHw3y7vPqI3M0kea5BgkfJjKWApO1upFSP4wuPEG9YbbdOdi6+AtoQFLtQb1r36UiSLBlITixviem1NQck1SKJxW+4XBnIsxH6JvMeUJmqCczztl59aJWJxpe1Jic/f3i5InxkyS0N5MOI3MajYz/8v8guLroJRpXhCmYvFRXChGGZstzyKpUZCaWOBCSzsrEyOuuSBbUdWW4K2uvA6dy6bnNr0HFypwCmdwAR5cwS3cQwvaIEDBC7zBu/PkvDofi7o2nGVvJ/BHzucPSDyOOg==</latexit><latexit sha1_base64="BTfZ1P+0fMHnxVRidUl11ZT6l1o=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0m86EUoevFYwX5AG8pmM2mXbjZxdyKU0D/hxYMiXv073vw3btsctPXBwOO9GWbmBakUBl332ymtrW9sbpW3Kzu7e/sH1cOjtkkyzaHFE5nobsAMSKGghQIldFMNLA4kdILx7czvPIE2IlEPOEnBj9lQiUhwhlbqhoC9oX/tDao1t+7OQVeJV5AaKdAcVL/6YcKzGBRyyYzpeW6Kfs40Ci5hWulnBlLGx2wIPUsVi8H4+fzeKT2zSkijRNtSSOfq74mcxcZM4sB2xgxHZtmbif95vQyjKz8XKs0QFF8sijJJMaGz52koNHCUE0sY18LeSvmIacbRRlSxIXjLL6+S9kXdc+vevVtr3BRxlMkJOSXnxCOXpEHuSJO0CCeSPJNX8uY8Oi/Ou/OxaC05xcwx+QPn8wd26I+Q</latexit><latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit><latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit><latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit><latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit><latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit><latexit sha1_base64="5DuP+CkCub0UFZJtDZ6neNFo2Vk=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FNpTNZtMu3Wzi7kQooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NaWV1b3yhvVra2d3b3qvsHbZNkmvEWS2SiOwE1XArFWyhQ8k6qOY0DyR+C0c3Uf3ji2ohE3eM45X5MB0pEglG0Uifk2B34V16/WnPr7gxkmXgFqUGBZr/61QsTlsVcIZPUmK7npujnVKNgkk8qvczwlLIRHfCupYrG3Pj57N4JObFKSKJE21JIZurviZzGxozjwHbGFIdm0ZuK/3ndDKNLPxcqzZArNl8UZZJgQqbPk1BozlCOLaFMC3srYUOqKUMbUcWG4C2+vEzaZ3XPrXt357XGdRFHGY7gGE7BgwtowC00oQUMJDzDK7w5j86L8+58zFtLTjFzCH/gfP4AeCiPlA==</latexit>

)
<latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit> eiTr[H] = 1

<latexit sha1_base64="2QHy2ZSjzA3gi3b8jiwFW+tOC24=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoBeh6KXHCv2CNJbNdtIu3WzC7kYoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbZW3d3b39u2Dw7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxndTv/MIUrFYNPUkAT8iQ8FCRok2Ut8+hoeMZT0Z4abMvbqf4xvs4r5dcarODHiZuAWpoAKNvv3VG8Q0jUBoyolSnusk2s+I1IxyyMu9VEFC6JgMwTNUkAiUn83Oz/GZUQY4jKUpofFM/T2RkUipSRSYzojokVr0puJ/npfq8NrPmEhSDYLOF4UpxzrG0yzwgEmgmk8MIVQycyumIyIJ1SaxsgnBXXx5mbQvqq5Tde8vK7XbIo4SOkGn6By56ArVUB01UAtRlKFn9IrerCfrxXq3PuatK1Yxc4T+wPr8AYn0lIg=</latexit><latexit sha1_base64="2QHy2ZSjzA3gi3b8jiwFW+tOC24=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoBeh6KXHCv2CNJbNdtIu3WzC7kYoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbZW3d3b39u2Dw7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxndTv/MIUrFYNPUkAT8iQ8FCRok2Ut8+hoeMZT0Z4abMvbqf4xvs4r5dcarODHiZuAWpoAKNvv3VG8Q0jUBoyolSnusk2s+I1IxyyMu9VEFC6JgMwTNUkAiUn83Oz/GZUQY4jKUpofFM/T2RkUipSRSYzojokVr0puJ/npfq8NrPmEhSDYLOF4UpxzrG0yzwgEmgmk8MIVQycyumIyIJ1SaxsgnBXXx5mbQvqq5Tde8vK7XbIo4SOkGn6By56ArVUB01UAtRlKFn9IrerCfrxXq3PuatK1Yxc4T+wPr8AYn0lIg=</latexit><latexit sha1_base64="2QHy2ZSjzA3gi3b8jiwFW+tOC24=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoBeh6KXHCv2CNJbNdtIu3WzC7kYoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbZW3d3b39u2Dw7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxndTv/MIUrFYNPUkAT8iQ8FCRok2Ut8+hoeMZT0Z4abMvbqf4xvs4r5dcarODHiZuAWpoAKNvv3VG8Q0jUBoyolSnusk2s+I1IxyyMu9VEFC6JgMwTNUkAiUn83Oz/GZUQY4jKUpofFM/T2RkUipSRSYzojokVr0puJ/npfq8NrPmEhSDYLOF4UpxzrG0yzwgEmgmk8MIVQycyumIyIJ1SaxsgnBXXx5mbQvqq5Tde8vK7XbIo4SOkGn6By56ArVUB01UAtRlKFn9IrerCfrxXq3PuatK1Yxc4T+wPr8AYn0lIg=</latexit><latexit sha1_base64="2QHy2ZSjzA3gi3b8jiwFW+tOC24=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KIoBeh6KXHCv2CNJbNdtIu3WzC7kYoIeBf8eJBEa/+Dm/+G7dtDtr6YODx3gwz84KEM6Ud59taWV1b39gsbZW3d3b39u2Dw7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxndTv/MIUrFYNPUkAT8iQ8FCRok2Ut8+hoeMZT0Z4abMvbqf4xvs4r5dcarODHiZuAWpoAKNvv3VG8Q0jUBoyolSnusk2s+I1IxyyMu9VEFC6JgMwTNUkAiUn83Oz/GZUQY4jKUpofFM/T2RkUipSRSYzojokVr0puJ/npfq8NrPmEhSDYLOF4UpxzrG0yzwgEmgmk8MIVQycyumIyIJ1SaxsgnBXXx5mbQvqq5Tde8vK7XbIo4SOkGn6By56ArVUB01UAtRlKFn9IrerCfrxXq3PuatK1Yxc4T+wPr8AYn0lIg=</latexit>

or Tr[H] = 0
<latexit sha1_base64="v38WTvJ3sCCR8ULXVKDS6vy6TR8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0UuPFfoF27Vk02wbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E47uZ33mkSrNYNs0koYHAQ8kiRrCx0kPWUwI11dSvBzcu6pcrbtWdA60SLycVyNHol796g5ikgkpDONba99zEBBlWhhFOp6VeqmmCyRgPqW+pxILqIJtfPUVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/z09NdB1kTCapoZIsFkUpRyZGswjQgClKDJ9Ygoli9lZERlhhYmxQJRuCt/zyKmlfVD236t1fVmq3eRxFOIFTOAcPrqAGdWhACwgoeIZXeHOenBfn3flYtBacfOYY/sD5/AE+05Gs</latexit><latexit sha1_base64="v38WTvJ3sCCR8ULXVKDS6vy6TR8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0UuPFfoF27Vk02wbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E47uZ33mkSrNYNs0koYHAQ8kiRrCx0kPWUwI11dSvBzcu6pcrbtWdA60SLycVyNHol796g5ikgkpDONba99zEBBlWhhFOp6VeqmmCyRgPqW+pxILqIJtfPUVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/z09NdB1kTCapoZIsFkUpRyZGswjQgClKDJ9Ygoli9lZERlhhYmxQJRuCt/zyKmlfVD236t1fVmq3eRxFOIFTOAcPrqAGdWhACwgoeIZXeHOenBfn3flYtBacfOYY/sD5/AE+05Gs</latexit><latexit sha1_base64="v38WTvJ3sCCR8ULXVKDS6vy6TR8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0UuPFfoF27Vk02wbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E47uZ33mkSrNYNs0koYHAQ8kiRrCx0kPWUwI11dSvBzcu6pcrbtWdA60SLycVyNHol796g5ikgkpDONba99zEBBlWhhFOp6VeqmmCyRgPqW+pxILqIJtfPUVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/z09NdB1kTCapoZIsFkUpRyZGswjQgClKDJ9Ygoli9lZERlhhYmxQJRuCt/zyKmlfVD236t1fVmq3eRxFOIFTOAcPrqAGdWhACwgoeIZXeHOenBfn3flYtBacfOYY/sD5/AE+05Gs</latexit><latexit sha1_base64="v38WTvJ3sCCR8ULXVKDS6vy6TR8=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0UuPFfoF27Vk02wbmmSXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2E47uZ33mkSrNYNs0koYHAQ8kiRrCx0kPWUwI11dSvBzcu6pcrbtWdA60SLycVyNHol796g5ikgkpDONba99zEBBlWhhFOp6VeqmmCyRgPqW+pxILqIJtfPUVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/z09NdB1kTCapoZIsFkUpRyZGswjQgClKDJ9Ygoli9lZERlhhYmxQJRuCt/zyKmlfVD236t1fVmq3eRxFOIFTOAcPrqAGdWhACwgoeIZXeHOenBfn3flYtBacfOYY/sD5/AE+05Gs</latexit>

This removes the identity as a generator since Tr[I] = N 6= 0
<latexit sha1_base64="OvpNZ5IWB6OAYBQcuZyGdLNgakg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFMoutGNVOgL0lAm00k7dB5hZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee6KEUW0879tZWl5ZXVsvbBQ3t7Z3dt29/aaWqcKkgSWTqh0hTRgVpGGoYaSdKIJ4xEgrGl5P/NYDUZpKUTejhIQc9QWNKUbGSl33MOsoDutqHNyGlbuOkKbiwa5b8sreFHCR+DkpgRy1rvvV6UmcciIMZkjrwPcSE2ZIGYoZGRc7qSYJwkPUJ4GlAnGiw2x6/RieWKUHY6lsCQOn6u+JDHGtRzyynRyZgZ73JuJ/XpCa+DLMqEhSQwSeLYpTBo2EkyhgjyqCDRtZgrCi9laIB0ghbGxgRRuCP//yImmelX2v7N+fl6pXeRwFcASOwSnwwQWoghtQAw2AwSN4Bq/gzXlyXpx352PWuuTkMwfgD5zPHxf0lFI=</latexit><latexit sha1_base64="OvpNZ5IWB6OAYBQcuZyGdLNgakg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFMoutGNVOgL0lAm00k7dB5hZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee6KEUW0879tZWl5ZXVsvbBQ3t7Z3dt29/aaWqcKkgSWTqh0hTRgVpGGoYaSdKIJ4xEgrGl5P/NYDUZpKUTejhIQc9QWNKUbGSl33MOsoDutqHNyGlbuOkKbiwa5b8sreFHCR+DkpgRy1rvvV6UmcciIMZkjrwPcSE2ZIGYoZGRc7qSYJwkPUJ4GlAnGiw2x6/RieWKUHY6lsCQOn6u+JDHGtRzyynRyZgZ73JuJ/XpCa+DLMqEhSQwSeLYpTBo2EkyhgjyqCDRtZgrCi9laIB0ghbGxgRRuCP//yImmelX2v7N+fl6pXeRwFcASOwSnwwQWoghtQAw2AwSN4Bq/gzXlyXpx352PWuuTkMwfgD5zPHxf0lFI=</latexit><latexit sha1_base64="OvpNZ5IWB6OAYBQcuZyGdLNgakg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFMoutGNVOgL0lAm00k7dB5hZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee6KEUW0879tZWl5ZXVsvbBQ3t7Z3dt29/aaWqcKkgSWTqh0hTRgVpGGoYaSdKIJ4xEgrGl5P/NYDUZpKUTejhIQc9QWNKUbGSl33MOsoDutqHNyGlbuOkKbiwa5b8sreFHCR+DkpgRy1rvvV6UmcciIMZkjrwPcSE2ZIGYoZGRc7qSYJwkPUJ4GlAnGiw2x6/RieWKUHY6lsCQOn6u+JDHGtRzyynRyZgZ73JuJ/XpCa+DLMqEhSQwSeLYpTBo2EkyhgjyqCDRtZgrCi9laIB0ghbGxgRRuCP//yImmelX2v7N+fl6pXeRwFcASOwSnwwQWoghtQAw2AwSN4Bq/gzXlyXpx352PWuuTkMwfgD5zPHxf0lFI=</latexit><latexit sha1_base64="OvpNZ5IWB6OAYBQcuZyGdLNgakg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIRdFMoutGNVOgL0lAm00k7dB5hZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee6KEUW0879tZWl5ZXVsvbBQ3t7Z3dt29/aaWqcKkgSWTqh0hTRgVpGGoYaSdKIJ4xEgrGl5P/NYDUZpKUTejhIQc9QWNKUbGSl33MOsoDutqHNyGlbuOkKbiwa5b8sreFHCR+DkpgRy1rvvV6UmcciIMZkjrwPcSE2ZIGYoZGRc7qSYJwkPUJ4GlAnGiw2x6/RieWKUHY6lsCQOn6u+JDHGtRzyynRyZgZ73JuJ/XpCa+DLMqEhSQwSeLYpTBo2EkyhgjyqCDRtZgrCi9laIB0ghbGxgRRuCP//yImmelX2v7N+fl6pXeRwFcASOwSnwwQWoghtQAw2AwSN4Bq/gzXlyXpx352PWuuTkMwfgD5zPHxf0lFI=</latexit>
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In sum: SU(N) generators are NxN traceless, hermitian matrices 

Or we can say that SU(N) is U(N) with the identity removed as generator

U(N) = SU(N)⇥ U(1)
<latexit sha1_base64="ATyUjdZzocguFhpR3pIYmbl9JlE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQnspiQh6EYpePElFUwttKJvtpl262YTdjVBCL/4VLx4U8erP8Oa/cdP2oK0Pln28N8PMvCDhTGnH+bYKS8srq2vF9dLG5tb2jr2711RxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4PQhGF7l/sMjlYrF4l6PEupHuC9YyAjWRuraB17lpoou0F3+dzSLqEJexa127bJTcyZAi8SdkTLM0OjaX51eTNKICk04VqrtOon2Myw1I5yOS51U0QSTIe7TtqECm0l+NjlgjI6N0kNhLM0TGk3U3x0ZjpQaRYGpjLAeqHkvF//z2qkOz/2MiSTVVJDpoDDlSMcoTwP1mKRE85EhmEhmdkVkgCUm2mRWMiG48ycvkuZJzXVq7u1puX45i6MIh3AEFXDhDOpwDQ3wgMAYnuEV3qwn68V6tz6mpQVr1rMPf2B9/gB065O+</latexit><latexit sha1_base64="ATyUjdZzocguFhpR3pIYmbl9JlE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQnspiQh6EYpePElFUwttKJvtpl262YTdjVBCL/4VLx4U8erP8Oa/cdP2oK0Pln28N8PMvCDhTGnH+bYKS8srq2vF9dLG5tb2jr2711RxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4PQhGF7l/sMjlYrF4l6PEupHuC9YyAjWRuraB17lpoou0F3+dzSLqEJexa127bJTcyZAi8SdkTLM0OjaX51eTNKICk04VqrtOon2Myw1I5yOS51U0QSTIe7TtqECm0l+NjlgjI6N0kNhLM0TGk3U3x0ZjpQaRYGpjLAeqHkvF//z2qkOz/2MiSTVVJDpoDDlSMcoTwP1mKRE85EhmEhmdkVkgCUm2mRWMiG48ycvkuZJzXVq7u1puX45i6MIh3AEFXDhDOpwDQ3wgMAYnuEV3qwn68V6tz6mpQVr1rMPf2B9/gB065O+</latexit><latexit sha1_base64="ATyUjdZzocguFhpR3pIYmbl9JlE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQnspiQh6EYpePElFUwttKJvtpl262YTdjVBCL/4VLx4U8erP8Oa/cdP2oK0Pln28N8PMvCDhTGnH+bYKS8srq2vF9dLG5tb2jr2711RxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4PQhGF7l/sMjlYrF4l6PEupHuC9YyAjWRuraB17lpoou0F3+dzSLqEJexa127bJTcyZAi8SdkTLM0OjaX51eTNKICk04VqrtOon2Myw1I5yOS51U0QSTIe7TtqECm0l+NjlgjI6N0kNhLM0TGk3U3x0ZjpQaRYGpjLAeqHkvF//z2qkOz/2MiSTVVJDpoDDlSMcoTwP1mKRE85EhmEhmdkVkgCUm2mRWMiG48ycvkuZJzXVq7u1puX45i6MIh3AEFXDhDOpwDQ3wgMAYnuEV3qwn68V6tz6mpQVr1rMPf2B9/gB065O+</latexit><latexit sha1_base64="ATyUjdZzocguFhpR3pIYmbl9JlE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksQnspiQh6EYpePElFUwttKJvtpl262YTdjVBCL/4VLx4U8erP8Oa/cdP2oK0Pln28N8PMvCDhTGnH+bYKS8srq2vF9dLG5tb2jr2711RxKgn1SMxj2QqwopwJ6mmmOW0lkuIo4PQhGF7l/sMjlYrF4l6PEupHuC9YyAjWRuraB17lpoou0F3+dzSLqEJexa127bJTcyZAi8SdkTLM0OjaX51eTNKICk04VqrtOon2Myw1I5yOS51U0QSTIe7TtqECm0l+NjlgjI6N0kNhLM0TGk3U3x0ZjpQaRYGpjLAeqHkvF//z2qkOz/2MiSTVVJDpoDDlSMcoTwP1mKRE85EhmEhmdkVkgCUm2mRWMiG48ycvkuZJzXVq7u1puX45i6MIh3AEFXDhDOpwDQ3wgMAYnuEV3qwn68V6tz6mpQVr1rMPf2B9/gB065O+</latexit>

)
<latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit>

Other Lie groups:

)
<latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit>

The number of generators of SU(N) is N2 � 1
<latexit sha1_base64="w/YWbc90CNjgDzfhHgPslgcAAhY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevEkFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H4+uZ336iSjMp7s0kpn6Eh4KFjGBjpdbtQw2def1yxa26GdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKnBEtZ9m107RiVUGKJTKljAoU39PpDjSehIFtjPCZqQXvZn4n9dNTHjpp0zEiaGCzBeFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oJINwVt8eZm0alXPrXp355X6VR5HEY7gGE7Bgwuoww00oAkEHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4A/HCOEg==</latexit><latexit sha1_base64="w/YWbc90CNjgDzfhHgPslgcAAhY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevEkFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H4+uZ336iSjMp7s0kpn6Eh4KFjGBjpdbtQw2def1yxa26GdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKnBEtZ9m107RiVUGKJTKljAoU39PpDjSehIFtjPCZqQXvZn4n9dNTHjpp0zEiaGCzBeFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oJINwVt8eZm0alXPrXp355X6VR5HEY7gGE7Bgwuoww00oAkEHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4A/HCOEg==</latexit><latexit sha1_base64="w/YWbc90CNjgDzfhHgPslgcAAhY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevEkFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H4+uZ336iSjMp7s0kpn6Eh4KFjGBjpdbtQw2def1yxa26GdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKnBEtZ9m107RiVUGKJTKljAoU39PpDjSehIFtjPCZqQXvZn4n9dNTHjpp0zEiaGCzBeFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oJINwVt8eZm0alXPrXp355X6VR5HEY7gGE7Bgwuoww00oAkEHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4A/HCOEg==</latexit><latexit sha1_base64="w/YWbc90CNjgDzfhHgPslgcAAhY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3CHosevEkFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmG73oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aGmZKEKbRHKpOgHWlDNBm4YZTjuxojgKOG0H4+uZ336iSjMp7s0kpn6Eh4KFjGBjpdbtQw2def1yxa26GdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/FyjDC6bTUSzSNMRnjIe1aKnBEtZ9m107RiVUGKJTKljAoU39PpDjSehIFtjPCZqQXvZn4n9dNTHjpp0zEiaGCzBeFCUdGotnraMAUJYZPLMFEMXsrIiOsMDE2oJINwVt8eZm0alXPrXp355X6VR5HEY7gGE7Bgwuoww00oAkEHuEZXuHNkc6L8+58zFsLTj5zCH/gfP4A/HCOEg==</latexit>

•SO(N): Orthogonal transformations on N-dimensional vectors (i.e. rotations in N-dim space)

N(N � 1)

2<latexit sha1_base64="k1rLPobZJ6CjF9JqFeyUn0hY78w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHixJEfRY9OKpVLAf0Iay2W7apZtN2N0USsg/8eJBEa/+E2/+G7dtDtr6YODx3gwz8/yYM6Ud59sqbGxube8Ud0t7+weHR/bxSVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uR+7nemVCoWiSc9i6kX4pFgASNYG2lg2/1AYpI2Ko0r9zJLa9nALjtVZwG0TtyclCFHc2B/9YcRSUIqNOFYqZ7rxNpLsdSMcJqV+omiMSYTPKI9QwUOqfLSxeUZujDKEAWRNCU0Wqi/J1IcKjULfdMZYj1Wq95c/M/rJTq49VIm4kRTQZaLgoQjHaF5DGjIJCWazwzBRDJzKyJjbKLQJqySCcFdfXmdtGtV16m6j9fl+l0eRxHO4Bwq4MIN1OEBmtACAlN4hld4s1LrxXq3PpatBSufOYU/sD5/ACnXkrA=</latexit><latexit sha1_base64="k1rLPobZJ6CjF9JqFeyUn0hY78w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHixJEfRY9OKpVLAf0Iay2W7apZtN2N0USsg/8eJBEa/+E2/+G7dtDtr6YODx3gwz8/yYM6Ud59sqbGxube8Ud0t7+weHR/bxSVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uR+7nemVCoWiSc9i6kX4pFgASNYG2lg2/1AYpI2Ko0r9zJLa9nALjtVZwG0TtyclCFHc2B/9YcRSUIqNOFYqZ7rxNpLsdSMcJqV+omiMSYTPKI9QwUOqfLSxeUZujDKEAWRNCU0Wqi/J1IcKjULfdMZYj1Wq95c/M/rJTq49VIm4kRTQZaLgoQjHaF5DGjIJCWazwzBRDJzKyJjbKLQJqySCcFdfXmdtGtV16m6j9fl+l0eRxHO4Bwq4MIN1OEBmtACAlN4hld4s1LrxXq3PpatBSufOYU/sD5/ACnXkrA=</latexit><latexit sha1_base64="k1rLPobZJ6CjF9JqFeyUn0hY78w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHixJEfRY9OKpVLAf0Iay2W7apZtN2N0USsg/8eJBEa/+E2/+G7dtDtr6YODx3gwz8/yYM6Ud59sqbGxube8Ud0t7+weHR/bxSVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uR+7nemVCoWiSc9i6kX4pFgASNYG2lg2/1AYpI2Ko0r9zJLa9nALjtVZwG0TtyclCFHc2B/9YcRSUIqNOFYqZ7rxNpLsdSMcJqV+omiMSYTPKI9QwUOqfLSxeUZujDKEAWRNCU0Wqi/J1IcKjULfdMZYj1Wq95c/M/rJTq49VIm4kRTQZaLgoQjHaF5DGjIJCWazwzBRDJzKyJjbKLQJqySCcFdfXmdtGtV16m6j9fl+l0eRxHO4Bwq4MIN1OEBmtACAlN4hld4s1LrxXq3PpatBSufOYU/sD5/ACnXkrA=</latexit><latexit sha1_base64="k1rLPobZJ6CjF9JqFeyUn0hY78w=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahHixJEfRY9OKpVLAf0Iay2W7apZtN2N0USsg/8eJBEa/+E2/+G7dtDtr6YODx3gwz8/yYM6Ud59sqbGxube8Ud0t7+weHR/bxSVtFiSS0RSIeya6PFeVM0JZmmtNuLCkOfU47/uR+7nemVCoWiSc9i6kX4pFgASNYG2lg2/1AYpI2Ko0r9zJLa9nALjtVZwG0TtyclCFHc2B/9YcRSUIqNOFYqZ7rxNpLsdSMcJqV+omiMSYTPKI9QwUOqfLSxeUZujDKEAWRNCU0Wqi/J1IcKjULfdMZYj1Wq95c/M/rJTq49VIm4kRTQZaLgoQjHaF5DGjIJCWazwzBRDJzKyJjbKLQJqySCcFdfXmdtGtV16m6j9fl+l0eRxHO4Bwq4MIN1OEBmtACAlN4hld4s1LrxXq3PpatBSufOYU/sD5/ACnXkrA=</latexit>

independent generators (angles!) 1 for N=2 (plane), 3 for N=3 (3D space), etc. 
Transformations (rotations) must preserve the scalar product 

~u · ~v
<latexit sha1_base64="YrwggC7/baC5qjX83FNfYvRE1aY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosunFZwV6gCWUymbRDJzNhZlIIIb6KGxeKuPVB3Pk2TtMstPWHgY//nMM58wcJo0o7zrdV29jc2t6p7zb29g8Oj+zjk74SqcSkhwUTchggRRjlpKepZmSYSILigJFBMLtb1AdzIhUV/FFnCfFjNOE0ohhpY43tpjcnOE8LD4dClzwvxnbLaTul4Dq4FbRApe7Y/vJCgdOYcI0ZUmrkOon2cyQ1xYwUDS9VJEF4hiZkZJCjmCg/L48v4LlxQhgJaR7XsHR/T+QoViqLA9MZIz1Vq7WF+V9tlOroxs8pT1JNOF4uilIGtYCLJGBIJcGaZQYQltTcCvEUSYS1yathQnBXv7wO/cu267Tdh6tW57aKow5OwRm4AC64Bh1wD7qgBzDIwDN4BW/Wk/VivVsfy9aaVc00wR9Znz/KBJV+</latexit><latexit sha1_base64="YrwggC7/baC5qjX83FNfYvRE1aY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosunFZwV6gCWUymbRDJzNhZlIIIb6KGxeKuPVB3Pk2TtMstPWHgY//nMM58wcJo0o7zrdV29jc2t6p7zb29g8Oj+zjk74SqcSkhwUTchggRRjlpKepZmSYSILigJFBMLtb1AdzIhUV/FFnCfFjNOE0ohhpY43tpjcnOE8LD4dClzwvxnbLaTul4Dq4FbRApe7Y/vJCgdOYcI0ZUmrkOon2cyQ1xYwUDS9VJEF4hiZkZJCjmCg/L48v4LlxQhgJaR7XsHR/T+QoViqLA9MZIz1Vq7WF+V9tlOroxs8pT1JNOF4uilIGtYCLJGBIJcGaZQYQltTcCvEUSYS1yathQnBXv7wO/cu267Tdh6tW57aKow5OwRm4AC64Bh1wD7qgBzDIwDN4BW/Wk/VivVsfy9aaVc00wR9Znz/KBJV+</latexit><latexit sha1_base64="YrwggC7/baC5qjX83FNfYvRE1aY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosunFZwV6gCWUymbRDJzNhZlIIIb6KGxeKuPVB3Pk2TtMstPWHgY//nMM58wcJo0o7zrdV29jc2t6p7zb29g8Oj+zjk74SqcSkhwUTchggRRjlpKepZmSYSILigJFBMLtb1AdzIhUV/FFnCfFjNOE0ohhpY43tpjcnOE8LD4dClzwvxnbLaTul4Dq4FbRApe7Y/vJCgdOYcI0ZUmrkOon2cyQ1xYwUDS9VJEF4hiZkZJCjmCg/L48v4LlxQhgJaR7XsHR/T+QoViqLA9MZIz1Vq7WF+V9tlOroxs8pT1JNOF4uilIGtYCLJGBIJcGaZQYQltTcCvEUSYS1yathQnBXv7wO/cu267Tdh6tW57aKow5OwRm4AC64Bh1wD7qgBzDIwDN4BW/Wk/VivVsfy9aaVc00wR9Znz/KBJV+</latexit><latexit sha1_base64="YrwggC7/baC5qjX83FNfYvRE1aY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiuCqJCLosunFZwV6gCWUymbRDJzNhZlIIIb6KGxeKuPVB3Pk2TtMstPWHgY//nMM58wcJo0o7zrdV29jc2t6p7zb29g8Oj+zjk74SqcSkhwUTchggRRjlpKepZmSYSILigJFBMLtb1AdzIhUV/FFnCfFjNOE0ohhpY43tpjcnOE8LD4dClzwvxnbLaTul4Dq4FbRApe7Y/vJCgdOYcI0ZUmrkOon2cyQ1xYwUDS9VJEF4hiZkZJCjmCg/L48v4LlxQhgJaR7XsHR/T+QoViqLA9MZIz1Vq7WF+V9tlOroxs8pT1JNOF4uilIGtYCLJGBIJcGaZQYQltTcCvEUSYS1yathQnBXv7wO/cu267Tdh6tW57aKow5OwRm4AC64Bh1wD7qgBzDIwDN4BW/Wk/VivVsfy9aaVc00wR9Znz/KBJV+</latexit>

•Sp(N): Symplectic transformations on N-dimensional vectors. They must preserve

u · v = ua ✏ab vb
<latexit sha1_base64="hYfsgQbN7EAC2Gw6J1i7OLzuT9E=">AAACDXicbVDLSsNAFJ3UV62vqEs3g7XgQkoigm6EohuXFewDmhAmk0k7dDIJ8yiU0B9w46+4caGIW/fu/BunbRbaeuDCmXPuZe49YcaoVI7zbZVWVtfWN8qbla3tnd09e/+gLVMtMGnhlKWiGyJJGOWkpahipJsJgpKQkU44vJ36nRERkqb8QY0z4ieoz2lMMVJGCuwT7eEoVXAEr6EOEPTOPJJJyoyXo3Bi3qMgDOyqU3dmgMvELUgVFGgG9pcXpVgnhCvMkJQ918mUnyOhKGZkUvG0JBnCQ9QnPUM5Soj089k1E1gzSgTjVJjiCs7U3xM5SqQcJ2a5WoLUQC56U/E/r6dVfOXnlGdaEY7nH8WaQZXCaTQwooJgxcaGICyo2RXiARIIKxNgxYTgLp68TNrnddepu/cX1cZNEUcZHIFjcApccAka4A40QQtg8AiewSt4s56sF+vd+pi3lqxi5hD8gfX5A+EQms0=</latexit><latexit sha1_base64="hYfsgQbN7EAC2Gw6J1i7OLzuT9E=">AAACDXicbVDLSsNAFJ3UV62vqEs3g7XgQkoigm6EohuXFewDmhAmk0k7dDIJ8yiU0B9w46+4caGIW/fu/BunbRbaeuDCmXPuZe49YcaoVI7zbZVWVtfWN8qbla3tnd09e/+gLVMtMGnhlKWiGyJJGOWkpahipJsJgpKQkU44vJ36nRERkqb8QY0z4ieoz2lMMVJGCuwT7eEoVXAEr6EOEPTOPJJJyoyXo3Bi3qMgDOyqU3dmgMvELUgVFGgG9pcXpVgnhCvMkJQ918mUnyOhKGZkUvG0JBnCQ9QnPUM5Soj089k1E1gzSgTjVJjiCs7U3xM5SqQcJ2a5WoLUQC56U/E/r6dVfOXnlGdaEY7nH8WaQZXCaTQwooJgxcaGICyo2RXiARIIKxNgxYTgLp68TNrnddepu/cX1cZNEUcZHIFjcApccAka4A40QQtg8AiewSt4s56sF+vd+pi3lqxi5hD8gfX5A+EQms0=</latexit><latexit sha1_base64="hYfsgQbN7EAC2Gw6J1i7OLzuT9E=">AAACDXicbVDLSsNAFJ3UV62vqEs3g7XgQkoigm6EohuXFewDmhAmk0k7dDIJ8yiU0B9w46+4caGIW/fu/BunbRbaeuDCmXPuZe49YcaoVI7zbZVWVtfWN8qbla3tnd09e/+gLVMtMGnhlKWiGyJJGOWkpahipJsJgpKQkU44vJ36nRERkqb8QY0z4ieoz2lMMVJGCuwT7eEoVXAEr6EOEPTOPJJJyoyXo3Bi3qMgDOyqU3dmgMvELUgVFGgG9pcXpVgnhCvMkJQ918mUnyOhKGZkUvG0JBnCQ9QnPUM5Soj089k1E1gzSgTjVJjiCs7U3xM5SqQcJ2a5WoLUQC56U/E/r6dVfOXnlGdaEY7nH8WaQZXCaTQwooJgxcaGICyo2RXiARIIKxNgxYTgLp68TNrnddepu/cX1cZNEUcZHIFjcApccAka4A40QQtg8AiewSt4s56sF+vd+pi3lqxi5hD8gfX5A+EQms0=</latexit><latexit sha1_base64="hYfsgQbN7EAC2Gw6J1i7OLzuT9E=">AAACDXicbVDLSsNAFJ3UV62vqEs3g7XgQkoigm6EohuXFewDmhAmk0k7dDIJ8yiU0B9w46+4caGIW/fu/BunbRbaeuDCmXPuZe49YcaoVI7zbZVWVtfWN8qbla3tnd09e/+gLVMtMGnhlKWiGyJJGOWkpahipJsJgpKQkU44vJ36nRERkqb8QY0z4ieoz2lMMVJGCuwT7eEoVXAEr6EOEPTOPJJJyoyXo3Bi3qMgDOyqU3dmgMvELUgVFGgG9pcXpVgnhCvMkJQ918mUnyOhKGZkUvG0JBnCQ9QnPUM5Soj089k1E1gzSgTjVJjiCs7U3xM5SqQcJ2a5WoLUQC56U/E/r6dVfOXnlGdaEY7nH8WaQZXCaTQwooJgxcaGICyo2RXiARIIKxNgxYTgLp68TNrnddepu/cX1cZNEUcZHIFjcApccAka4A40QQtg8AiewSt4s56sF+vd+pi3lqxi5hD8gfX5A+EQms0=</latexit>

•Exceptional Groups: G2, F4, E6, E7
<latexit sha1_base64="bcvXvvm/6ST9Rn+VmO1ItYuSwNM=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCi1JmSrEui+JjWcE+oB2GTJppQzMPkoxYSn/FjQtF3Poj7vwbM+0stPXAvRzOuZfcHC/mTCrL+jZya+sbm1v57cLO7t7+gXlYbMsoEYS2SMQj0fWwpJyFtKWY4rQbC4oDj9OON75K/c4jFZJF4YOaxNQJ8DBkPiNYack1i7dutYxu3FoZXbvnaau7ZsmqWHOgVWJnpAQZmq751R9EJAloqAjHUvZsK1bOFAvFCKezQj+RNMZkjIe0p2mIAyqd6fz2GTrVygD5kdAVKjRXf29McSDlJPD0ZIDVSC57qfif10uUf+FMWRgnioZk8ZCfcKQilAaBBkxQovhEE0wE07ciMsICE6XjKugQ7OUvr5J2tWJbFfu+VmpcZnHk4RhO4AxsqEMD7qAJLSDwBM/wCm/GzHgx3o2PxWjOyHaO4A+Mzx/CAJGp</latexit><latexit sha1_base64="bcvXvvm/6ST9Rn+VmO1ItYuSwNM=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCi1JmSrEui+JjWcE+oB2GTJppQzMPkoxYSn/FjQtF3Poj7vwbM+0stPXAvRzOuZfcHC/mTCrL+jZya+sbm1v57cLO7t7+gXlYbMsoEYS2SMQj0fWwpJyFtKWY4rQbC4oDj9OON75K/c4jFZJF4YOaxNQJ8DBkPiNYack1i7dutYxu3FoZXbvnaau7ZsmqWHOgVWJnpAQZmq751R9EJAloqAjHUvZsK1bOFAvFCKezQj+RNMZkjIe0p2mIAyqd6fz2GTrVygD5kdAVKjRXf29McSDlJPD0ZIDVSC57qfif10uUf+FMWRgnioZk8ZCfcKQilAaBBkxQovhEE0wE07ciMsICE6XjKugQ7OUvr5J2tWJbFfu+VmpcZnHk4RhO4AxsqEMD7qAJLSDwBM/wCm/GzHgx3o2PxWjOyHaO4A+Mzx/CAJGp</latexit><latexit sha1_base64="bcvXvvm/6ST9Rn+VmO1ItYuSwNM=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCi1JmSrEui+JjWcE+oB2GTJppQzMPkoxYSn/FjQtF3Poj7vwbM+0stPXAvRzOuZfcHC/mTCrL+jZya+sbm1v57cLO7t7+gXlYbMsoEYS2SMQj0fWwpJyFtKWY4rQbC4oDj9OON75K/c4jFZJF4YOaxNQJ8DBkPiNYack1i7dutYxu3FoZXbvnaau7ZsmqWHOgVWJnpAQZmq751R9EJAloqAjHUvZsK1bOFAvFCKezQj+RNMZkjIe0p2mIAyqd6fz2GTrVygD5kdAVKjRXf29McSDlJPD0ZIDVSC57qfif10uUf+FMWRgnioZk8ZCfcKQilAaBBkxQovhEE0wE07ciMsICE6XjKugQ7OUvr5J2tWJbFfu+VmpcZnHk4RhO4AxsqEMD7qAJLSDwBM/wCm/GzHgx3o2PxWjOyHaO4A+Mzx/CAJGp</latexit><latexit sha1_base64="bcvXvvm/6ST9Rn+VmO1ItYuSwNM=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCi1JmSrEui+JjWcE+oB2GTJppQzMPkoxYSn/FjQtF3Poj7vwbM+0stPXAvRzOuZfcHC/mTCrL+jZya+sbm1v57cLO7t7+gXlYbMsoEYS2SMQj0fWwpJyFtKWY4rQbC4oDj9OON75K/c4jFZJF4YOaxNQJ8DBkPiNYack1i7dutYxu3FoZXbvnaau7ZsmqWHOgVWJnpAQZmq751R9EJAloqAjHUvZsK1bOFAvFCKezQj+RNMZkjIe0p2mIAyqd6fz2GTrVygD5kdAVKjRXf29McSDlJPD0ZIDVSC57qfif10uUf+FMWRgnioZk8ZCfcKQilAaBBkxQovhEE0wE07ciMsICE6XjKugQ7OUvr5J2tWJbFfu+VmpcZnHk4RhO4AxsqEMD7qAJLSDwBM/wCm/GzHgx3o2PxWjOyHaO4A+Mzx/CAJGp</latexit> 38



The Standard Model is a gauge theory using SU(3), SU(2) and a U(1)

•The generator of U(1) is always proportional to the identity

•SU(2) generators: 3 traceless, 2x2,   hermitian matrices. They are 

ta =
�a

2
<latexit sha1_base64="oRp84Q61+kTJePPSEipkLgfVtPk=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuhFKHrxWMF+QJOWyXbTLt1swu5GKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VJxKQpsk5rHsBKAoZ4I2NdOcdhJJIQo4bQfj26nffqRSsVg86ElC/QiGgoWMgDZS3z7WPcDXXiiBZJ5iwwh6kGe1vG9XnKozA14mbkEqqECjb395g5ikERWacFCq6zqJ9jOQmhFO87KXKpoAGcOQdg0VEFHlZ7MHcnxmlAEOY2lKaDxTf09kECk1iQLTGYEeqUVvKv7ndVMdXvkZE0mqqSDzRWHKsY7xNA08YJISzSeGAJHM3IrJCEwY2mRWNiG4iy8vk1at6jpV9/6iUr8p4iihE3SKzpGLLlEd3aEGaiKCcvSMXtGb9WS9WO/Wx7x1xSpmjtAfWJ8/mYeWZw==</latexit><latexit sha1_base64="oRp84Q61+kTJePPSEipkLgfVtPk=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuhFKHrxWMF+QJOWyXbTLt1swu5GKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VJxKQpsk5rHsBKAoZ4I2NdOcdhJJIQo4bQfj26nffqRSsVg86ElC/QiGgoWMgDZS3z7WPcDXXiiBZJ5iwwh6kGe1vG9XnKozA14mbkEqqECjb395g5ikERWacFCq6zqJ9jOQmhFO87KXKpoAGcOQdg0VEFHlZ7MHcnxmlAEOY2lKaDxTf09kECk1iQLTGYEeqUVvKv7ndVMdXvkZE0mqqSDzRWHKsY7xNA08YJISzSeGAJHM3IrJCEwY2mRWNiG4iy8vk1at6jpV9/6iUr8p4iihE3SKzpGLLlEd3aEGaiKCcvSMXtGb9WS9WO/Wx7x1xSpmjtAfWJ8/mYeWZw==</latexit><latexit sha1_base64="oRp84Q61+kTJePPSEipkLgfVtPk=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuhFKHrxWMF+QJOWyXbTLt1swu5GKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VJxKQpsk5rHsBKAoZ4I2NdOcdhJJIQo4bQfj26nffqRSsVg86ElC/QiGgoWMgDZS3z7WPcDXXiiBZJ5iwwh6kGe1vG9XnKozA14mbkEqqECjb395g5ikERWacFCq6zqJ9jOQmhFO87KXKpoAGcOQdg0VEFHlZ7MHcnxmlAEOY2lKaDxTf09kECk1iQLTGYEeqUVvKv7ndVMdXvkZE0mqqSDzRWHKsY7xNA08YJISzSeGAJHM3IrJCEwY2mRWNiG4iy8vk1at6jpV9/6iUr8p4iihE3SKzpGLLlEd3aEGaiKCcvSMXtGb9WS9WO/Wx7x1xSpmjtAfWJ8/mYeWZw==</latexit><latexit sha1_base64="oRp84Q61+kTJePPSEipkLgfVtPk=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSIuhFKHrxWMF+QJOWyXbTLt1swu5GKCEX/4oXD4p49Wd489+4bXPQ1gcDj/dmmJkXJJwp7Tjf1srq2vrGZmmrvL2zu7dvHxy2VJxKQpsk5rHsBKAoZ4I2NdOcdhJJIQo4bQfj26nffqRSsVg86ElC/QiGgoWMgDZS3z7WPcDXXiiBZJ5iwwh6kGe1vG9XnKozA14mbkEqqECjb395g5ikERWacFCq6zqJ9jOQmhFO87KXKpoAGcOQdg0VEFHlZ7MHcnxmlAEOY2lKaDxTf09kECk1iQLTGYEeqUVvKv7ndVMdXvkZE0mqqSDzRWHKsY7xNA08YJISzSeGAJHM3IrJCEwY2mRWNiG4iy8vk1at6jpV9/6iUr8p4iihE3SKzpGLLlEd3aEGaiKCcvSMXtGb9WS9WO/Wx7x1xSpmjtAfWJ8/mYeWZw==</latexit>

with the Pauli matrices given by

�1 =

✓
0 1
1 0

◆

<latexit sha1_base64="YAzAuQ6gUGajH79FCtfFIuFM4L4="></latexit><latexit sha1_base64="YAzAuQ6gUGajH79FCtfFIuFM4L4="></latexit><latexit sha1_base64="YAzAuQ6gUGajH79FCtfFIuFM4L4="></latexit><latexit sha1_base64="YAzAuQ6gUGajH79FCtfFIuFM4L4="></latexit>

�2 =

✓
0 �i
i 0

◆

<latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit><latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit><latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="eZ6yFkM/A56c9XDjiP9ZGJnMuYo=">AAACHHicbZBPaxNBGMbfrVrbtLbRay+DxRAPhtlc2osiePHYQtMUMtswO3l3M3R2dpl5txCW/TZe/CpeBFtEv42TNAdNfWDgx/PMv/dJK6M9cf472nry9Nn2853dzt7+i4PD7sv9S1/WTuFIlaZ0V6n0aLTFEWkyeFU5lEVqcJzefFrm41t0Xpf2ghYVJoXMrc60khSsafeD8Dov5PWQvWfCYEZ9kWKubSOdk4u2UaplvPdOC6F7XKCdrQPhdD6nt9PuMR/wldhjiNdwDGudTbs/xKxUdYGWlJHeT2JeURIuJa0Mth1Re6ykupE5TgJaWaBPmtWcLXsTnBnLSheWJbZy/z7RyML7RZGGnYWkud/Mlub/sklN2WnSaFvVhFY9PJTVhlHJlqWxmXaoyCwCSOV0+CtTc+mkolBtJ5QQb478GC6Hg5gP4nMOO3AEr6EPMZzAR/gMZzACBV/gG9zBffQ1+h79fKhrK1r39gr+UfTrD3dipDQ=</latexit><latexit sha1_base64="eZ6yFkM/A56c9XDjiP9ZGJnMuYo=">AAACHHicbZBPaxNBGMbfrVrbtLbRay+DxRAPhtlc2osiePHYQtMUMtswO3l3M3R2dpl5txCW/TZe/CpeBFtEv42TNAdNfWDgx/PMv/dJK6M9cf472nry9Nn2853dzt7+i4PD7sv9S1/WTuFIlaZ0V6n0aLTFEWkyeFU5lEVqcJzefFrm41t0Xpf2ghYVJoXMrc60khSsafeD8Dov5PWQvWfCYEZ9kWKubSOdk4u2UaplvPdOC6F7XKCdrQPhdD6nt9PuMR/wldhjiNdwDGudTbs/xKxUdYGWlJHeT2JeURIuJa0Mth1Re6ykupE5TgJaWaBPmtWcLXsTnBnLSheWJbZy/z7RyML7RZGGnYWkud/Mlub/sklN2WnSaFvVhFY9PJTVhlHJlqWxmXaoyCwCSOV0+CtTc+mkolBtJ5QQb478GC6Hg5gP4nMOO3AEr6EPMZzAR/gMZzACBV/gG9zBffQ1+h79fKhrK1r39gr+UfTrD3dipDQ=</latexit><latexit sha1_base64="ZvjnkTRh3+BCnFnNZghIyRsrHnk="></latexit><latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit><latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit><latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit><latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit><latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit><latexit sha1_base64="694ARkyaYqLDjPwcn1fn5Cnovrs="></latexit>

�3 =

✓
1 0
0 �1

◆

<latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit><latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit><latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="bx2+mMuQlQAbznh77ZJ9cKbkmdo=">AAACHHicbZBLSyNBFIVvq+Mj42h066ZQFGcxoVoXulEEN7N0wKiQyoTqyu1OYXV1U3VbCE3+jRv/ihtBB5n5N1OJWfg6UPBxTr3uSUqjPXH+L5qZnfsyv7C41Pi6/G1ltbm2fOGLyilsq8IU7iqRHo222CZNBq9KhzJPDF4m16fj/PIGndeFPadhid1cZlanWkkKVq95LLzOcvl7nx0xYTClXZFgpm0tnZPDUa3UiMU7XAi+8yMWaPvTQDidDeh7r7nFW3wi9hHiKWzBVGe95qPoF6rK0ZIy0vtOzEvqhktJK4Ojhqg8llJdyww7Aa3M0XfryZwjth2cPksLF5YlNnFfn6hl7v0wT8LOXNLAv8/G5mdZp6L0sFtrW1aEVr08lFaGUcHGpbG+dqjIDANI5XT4K1MD6aSiUG0jlBC/H/kjXOy1Yt6Kf3FYhA3YhF2I4QBO4CecQRsU3MI9PMGf6C56iJ5f6pqJpr2twxtFf/8DywijxQ==</latexit><latexit sha1_base64="bx2+mMuQlQAbznh77ZJ9cKbkmdo=">AAACHHicbZBLSyNBFIVvq+Mj42h066ZQFGcxoVoXulEEN7N0wKiQyoTqyu1OYXV1U3VbCE3+jRv/ihtBB5n5N1OJWfg6UPBxTr3uSUqjPXH+L5qZnfsyv7C41Pi6/G1ltbm2fOGLyilsq8IU7iqRHo222CZNBq9KhzJPDF4m16fj/PIGndeFPadhid1cZlanWkkKVq95LLzOcvl7nx0xYTClXZFgpm0tnZPDUa3UiMU7XAi+8yMWaPvTQDidDeh7r7nFW3wi9hHiKWzBVGe95qPoF6rK0ZIy0vtOzEvqhktJK4Ojhqg8llJdyww7Aa3M0XfryZwjth2cPksLF5YlNnFfn6hl7v0wT8LOXNLAv8/G5mdZp6L0sFtrW1aEVr08lFaGUcHGpbG+dqjIDANI5XT4K1MD6aSiUG0jlBC/H/kjXOy1Yt6Kf3FYhA3YhF2I4QBO4CecQRsU3MI9PMGf6C56iJ5f6pqJpr2twxtFf/8DywijxQ==</latexit><latexit sha1_base64="ED4JAeUK1ueB1QSHpXhNiqpMXoQ="></latexit><latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit><latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit><latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit><latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit><latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit><latexit sha1_base64="riexfkkFpkX81CAciyoMjmRgvf0="></latexit>

Electroweak
Standard Model

• SU(3) generators: 8 traceless, 3x3, hermitian matrices. They are

ti =
1

2

✓
�i 0
0 0 0

◆

<latexit sha1_base64="wkoZ7b14l3b2MYhs5bM4TrCTR4c="></latexit><latexit sha1_base64="wkoZ7b14l3b2MYhs5bM4TrCTR4c="></latexit><latexit sha1_base64="wkoZ7b14l3b2MYhs5bM4TrCTR4c="></latexit><latexit sha1_base64="wkoZ7b14l3b2MYhs5bM4TrCTR4c="></latexit>

t4 =
1

2

0

@
0 0 1
0 0 0
1 0 0

1

A

<latexit sha1_base64="WsjMArb997aNF6xmSjZ5cuC1juU="></latexit><latexit sha1_base64="WsjMArb997aNF6xmSjZ5cuC1juU="></latexit><latexit sha1_base64="WsjMArb997aNF6xmSjZ5cuC1juU="></latexit><latexit sha1_base64="WsjMArb997aNF6xmSjZ5cuC1juU="></latexit>

t5 =
1

2

0

@
0 0 �i
0 0 0
i 0 0

1

A

<latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sF+mRnyFGCag6RHHSsueSrx50As="></latexit><latexit sha1_base64="sF+mRnyFGCag6RHHSsueSrx50As="></latexit><latexit sha1_base64="zYEh0BkjMg8faJZHwFYVZoDwA7I="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sF+mRnyFGCag6RHHSsueSrx50As="></latexit><latexit sha1_base64="sF+mRnyFGCag6RHHSsueSrx50As="></latexit><latexit sha1_base64="zYEh0BkjMg8faJZHwFYVZoDwA7I="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sF+mRnyFGCag6RHHSsueSrx50As="></latexit><latexit sha1_base64="sF+mRnyFGCag6RHHSsueSrx50As="></latexit><latexit sha1_base64="zYEh0BkjMg8faJZHwFYVZoDwA7I="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit><latexit sha1_base64="fk1mqJewJENybKmKQ8GOrW901bk="></latexit>

t8 =
1p
3

0

@
1 0 0
0 1 0
0 0 �2

1

A

<latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit><latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit><latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="c2R+MYJoU0Sz/Yv0pPbwl6cDEK4="></latexit><latexit sha1_base64="c2R+MYJoU0Sz/Yv0pPbwl6cDEK4="></latexit><latexit sha1_base64="EFGXNuoLo4E0HsIRe2M2ROrlOxU="></latexit><latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit><latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit><latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit><latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit><latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit><latexit sha1_base64="A3uqfaHHvkfAOMJkJO92ftSUukA="></latexit>

. . .
<latexit sha1_base64="eU8Ci1Y/pURL1pAwGegDUXNN6hU=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2ruufWvYfrWvO2qKMMZ3AOl+BBA5pwDy3wgYGAZ3iFN0c5L86787EcLTlF5hT+wPn8AfFojsI=</latexit><latexit sha1_base64="eU8Ci1Y/pURL1pAwGegDUXNN6hU=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2ruufWvYfrWvO2qKMMZ3AOl+BBA5pwDy3wgYGAZ3iFN0c5L86787EcLTlF5hT+wPn8AfFojsI=</latexit><latexit sha1_base64="eU8Ci1Y/pURL1pAwGegDUXNN6hU=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2ruufWvYfrWvO2qKMMZ3AOl+BBA5pwDy3wgYGAZ3iFN0c5L86787EcLTlF5hT+wPn8AfFojsI=</latexit><latexit sha1_base64="eU8Ci1Y/pURL1pAwGegDUXNN6hU=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2ruufWvYfrWvO2qKMMZ3AOl+BBA5pwDy3wgYGAZ3iFN0c5L86787EcLTlF5hT+wPn8AfFojsI=</latexit>
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Non Abelian Gauge Theories

Just as for the U(1) case, we consider the Lagrangian

L =  ̄(i/D �m) + . . .
<latexit sha1_base64="anM4bcpvX3EjcUxX9l9JAOmN300="></latexit><latexit sha1_base64="anM4bcpvX3EjcUxX9l9JAOmN300="></latexit><latexit sha1_base64="anM4bcpvX3EjcUxX9l9JAOmN300="></latexit><latexit sha1_base64="anM4bcpvX3EjcUxX9l9JAOmN300="></latexit>

and demand that it be invariant under the SU(N) local transformations

 (x) !  0(x) = ei↵
a(x)ta  (x) = g(x) (x)

<latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit><latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit><latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="83NDVepHpK77as7hz+IYmQ5gzaY=">AAACInicbVDLSgMxFL3js9aq1a2bYBErSJlxo5uCoAuXFewDOm25k6ZtaOZBkhHL0B9y46+I4KIifouZtoq2Hgg595x7Se7xIsGVtu2JtbK6tr6xmdnKbud2dvfy+7maCmNJWZWGIpQNDxUTPGBVzbVgjUgy9D3B6t7wOvXrD0wqHgb3ehSxlo/9gPc4RW2kTv7GjRQvPp4SV4ck5SdpUSasnXAXRTTANqaKbuPYPftuLpO+uX7qTr5gl+wpyDJx5qQAc1Q6+Ve3G9LYZ4GmApVqOnakWwlKzalg46wbKxYhHWKfNQ0N0GeqlUy3HZNjo3RJL5TmBJpM1d8TCfpKjXzPdPqoB2rRS8X/vGase5ethAdRrFlAZw/1YkFMMml0pMslo1qMDEEqufkroQOUSLUJOGtCcBZXXia185Jjl5w7GzJwCEdQBAcu4ApuoQJVoPAELzCBd+vZerM+ZnGtWPPcDuAPrM8vovujwA==</latexit><latexit sha1_base64="83NDVepHpK77as7hz+IYmQ5gzaY=">AAACInicbVDLSgMxFL3js9aq1a2bYBErSJlxo5uCoAuXFewDOm25k6ZtaOZBkhHL0B9y46+I4KIifouZtoq2Hgg595x7Se7xIsGVtu2JtbK6tr6xmdnKbud2dvfy+7maCmNJWZWGIpQNDxUTPGBVzbVgjUgy9D3B6t7wOvXrD0wqHgb3ehSxlo/9gPc4RW2kTv7GjRQvPp4SV4ck5SdpUSasnXAXRTTANqaKbuPYPftuLpO+uX7qTr5gl+wpyDJx5qQAc1Q6+Ve3G9LYZ4GmApVqOnakWwlKzalg46wbKxYhHWKfNQ0N0GeqlUy3HZNjo3RJL5TmBJpM1d8TCfpKjXzPdPqoB2rRS8X/vGase5ethAdRrFlAZw/1YkFMMml0pMslo1qMDEEqufkroQOUSLUJOGtCcBZXXia185Jjl5w7GzJwCEdQBAcu4ApuoQJVoPAELzCBd+vZerM+ZnGtWPPcDuAPrM8vovujwA==</latexit><latexit sha1_base64="UCDsdI8RDSm3OBoHizudVcxlSzg=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDLjRjeFoi5cVrAP6EzLnTTThmYeJBmxDP0hN/6KCC4q4tbfMNNW0dYDIeeeey7JPW7EmVSmOTYyS8srq2vZ9dzG5tb2Tn53ry7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hK+417KiQLgzs1jKjjQy9gHiOgtNTJX9uRZMWHE2yrEKf8OC3KmLYTZgOP+tCGVFFtGNmn3+Yy7unrp+7kC2bJnAAvEmtGCmiGaif/YndDEvs0UISDlC3LjJSTgFCMcDrK2bGkEZAB9GhL0wB8Kp1ksu0IH2mli71Q6BMoPFF/TyTgSzn0Xe30QfXlfC8V/+u1YuVdOAkLoljRgEwf8mKOdTJpdLjLBCWKDzUBIpj+KyZ9EECUDjinQ7DmV14k9bOSZZasW7NQuZzFkUUH6BAVkYXOUQXdoCqqIYIe0TMaozfjyXg13o2PqTVjzGb20R8Yn1+1/qVU</latexit><latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit><latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit><latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit><latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit><latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit><latexit sha1_base64="s1RlE2i4flDbLqMHXdFxbK/WnbY=">AAACLXicbVDLSgMxFM3UV62vqks3wSJWkDIjgm4KRV24rGAf0JmWO2mmDc08SDJiGfpDbvwVEVxUxK2/YaatotUDIeeeey7JPW7EmVSmOTYyC4tLyyvZ1dza+sbmVn57py7DWBBaIyEPRdMFSTkLaE0xxWkzEhR8l9OGO7hM+407KiQLg1s1jKjjQy9gHiOgtNTJX9mRZMX7I2yrEKf8MC3KmLYTZgOP+tCGVFFtGNnHX+Yy7unru+7kC2bJnAD/JdaMFNAM1U7+2e6GJPZpoAgHKVuWGSknAaEY4XSUs2NJIyAD6NGWpgH4VDrJZNsRPtBKF3uh0CdQeKL+nEjAl3Lou9rpg+rL+V4q/tdrxco7dxIWRLGiAZk+5MUc62TS6HCXCUoUH2oCRDD9V0z6IIAoHXBOh2DNr/yX1E9Kllmybk4LlYtZHFm0h/ZREVnoDFXQNaqiGiLoAT2hMXo1Ho0X4814n1ozxmxmF/2C8fEJtz6lWA==</latexit>

This requires the covariant derivative acting on the fermion to be 

Dµ (x) =
�
@µ � ig Aa

µ(x) t
a
�
 (x)

<latexit sha1_base64="L/PMcaPsYMKkzvHmYcE4lC9Ydso="></latexit><latexit sha1_base64="L/PMcaPsYMKkzvHmYcE4lC9Ydso="></latexit><latexit sha1_base64="L/PMcaPsYMKkzvHmYcE4lC9Ydso="></latexit><latexit sha1_base64="L/PMcaPsYMKkzvHmYcE4lC9Ydso="></latexit>

and  the gauge fields to transform like

Aµ(a) ! g(x)

✓
Aµ(x) +

i

g
@µ

◆
g†(x)

<latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit><latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit><latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="eGX573Dnklns8XKPZ4ny661KklM="></latexit><latexit sha1_base64="eGX573Dnklns8XKPZ4ny661KklM="></latexit><latexit sha1_base64="gNkAfxSamv4BdABaOg3cfhjSXpA="></latexit><latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit><latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit><latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit><latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit><latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit><latexit sha1_base64="2JwG1k34r/cPl2+731uAp81cktg="></latexit>

Aµ(x) ⌘ Aa
µ(x) t

a
<latexit sha1_base64="MR7XFZDVF/CmPJ+mkkkwUtRDMNw=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMtWNy4r2Ad0xpJJM21okhmTTLEM3brxV9y4UMStf+DOvzFtB9HWAxdOzrmX3HuCmFGlHefLWlhcWl5Zza3l1zc2t7btnd26ihKJSQ1HLJLNACnCqCA1TTUjzVgSxANGGkH/cuw3BkQqGokbPYyJz1FX0JBipI3UtmGl7fGkeH8EPXKX0AGs3KIf5Vibh11wSs4EcJ64GSmADNW2/el1IpxwIjRmSKmW68TaT5HUFDMyynuJIjHCfdQlLUMF4kT56eSSETw0SgeGkTQlNJyovydSxJUa8sB0cqR7atYbi/95rUSH535KRZxoIvD0ozBhUEdwHAvsUEmwZkNDEJbU7ApxD0mEtQkvb0JwZ0+eJ/WTkuuU3OvTQvkiiyMH9sEBKAIXnIEyuAJVUAMYPIAn8AJerUfr2Xqz3qetC1Y2swf+wPr4Bv1pmJk=</latexit><latexit sha1_base64="MR7XFZDVF/CmPJ+mkkkwUtRDMNw=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMtWNy4r2Ad0xpJJM21okhmTTLEM3brxV9y4UMStf+DOvzFtB9HWAxdOzrmX3HuCmFGlHefLWlhcWl5Zza3l1zc2t7btnd26ihKJSQ1HLJLNACnCqCA1TTUjzVgSxANGGkH/cuw3BkQqGokbPYyJz1FX0JBipI3UtmGl7fGkeH8EPXKX0AGs3KIf5Vibh11wSs4EcJ64GSmADNW2/el1IpxwIjRmSKmW68TaT5HUFDMyynuJIjHCfdQlLUMF4kT56eSSETw0SgeGkTQlNJyovydSxJUa8sB0cqR7atYbi/95rUSH535KRZxoIvD0ozBhUEdwHAvsUEmwZkNDEJbU7ApxD0mEtQkvb0JwZ0+eJ/WTkuuU3OvTQvkiiyMH9sEBKAIXnIEyuAJVUAMYPIAn8AJerUfr2Xqz3qetC1Y2swf+wPr4Bv1pmJk=</latexit><latexit sha1_base64="MR7XFZDVF/CmPJ+mkkkwUtRDMNw=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMtWNy4r2Ad0xpJJM21okhmTTLEM3brxV9y4UMStf+DOvzFtB9HWAxdOzrmX3HuCmFGlHefLWlhcWl5Zza3l1zc2t7btnd26ihKJSQ1HLJLNACnCqCA1TTUjzVgSxANGGkH/cuw3BkQqGokbPYyJz1FX0JBipI3UtmGl7fGkeH8EPXKX0AGs3KIf5Vibh11wSs4EcJ64GSmADNW2/el1IpxwIjRmSKmW68TaT5HUFDMyynuJIjHCfdQlLUMF4kT56eSSETw0SgeGkTQlNJyovydSxJUa8sB0cqR7atYbi/95rUSH535KRZxoIvD0ozBhUEdwHAvsUEmwZkNDEJbU7ApxD0mEtQkvb0JwZ0+eJ/WTkuuU3OvTQvkiiyMH9sEBKAIXnIEyuAJVUAMYPIAn8AJerUfr2Xqz3qetC1Y2swf+wPr4Bv1pmJk=</latexit><latexit sha1_base64="MR7XFZDVF/CmPJ+mkkkwUtRDMNw=">AAACCXicbVDLSgMxFM34rPU16tJNsAgVpMyIoMtWNy4r2Ad0xpJJM21okhmTTLEM3brxV9y4UMStf+DOvzFtB9HWAxdOzrmX3HuCmFGlHefLWlhcWl5Zza3l1zc2t7btnd26ihKJSQ1HLJLNACnCqCA1TTUjzVgSxANGGkH/cuw3BkQqGokbPYyJz1FX0JBipI3UtmGl7fGkeH8EPXKX0AGs3KIf5Vibh11wSs4EcJ64GSmADNW2/el1IpxwIjRmSKmW68TaT5HUFDMyynuJIjHCfdQlLUMF4kT56eSSETw0SgeGkTQlNJyovydSxJUa8sB0cqR7atYbi/95rUSH535KRZxoIvD0ozBhUEdwHAvsUEmwZkNDEJbU7ApxD0mEtQkvb0JwZ0+eJ/WTkuuU3OvTQvkiiyMH9sEBKAIXnIEyuAJVUAMYPIAn8AJerUfr2Xqz3qetC1Y2swf+wPr4Bv1pmJk=</latexit>

Where we defined the gauge boson matrix by

as many gauge bosons       as generators Aa
µ

<latexit sha1_base64="1V+p76UEn/SdhxXfUDs9F/Wzaks=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHqxWME84BkDbOT2WTIPJaZWSEs+QgvHhTx6vd482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1kmt60fc64q0Vyr7FX8GtEyCnJQhR71X+ur2FUkFlZZwbEwn8BMbZlhbRjidFLupoQkmIzygHUclFtSE2ezcCTp1Sh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8TmrjqzBjMkktlWS+KE45sgpNf0d9pimxfOwIJpq5WxEZYo2JdQkVXQjB4svLpFmtBOeV6v1FuXaTx1GAYziBMwjgEmpwB3VoAIERPMMrvHmJ9+K9ex/z1hUvnzmCP/A+fwAMfo9h</latexit>

ta
<latexit sha1_base64="bQhSGZ91pT+gesSUUh/pc2665UU=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrpHh9pr1R2K+4MZJl4OSlDjnqv9NXtxyyNuEImqTEdz03Qz6hGwSSfFLup4QllIzrgHUsVjbjxs9mpE3JqlT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIMr/xMqCRFrth8UZhKgjGZ/k36QnOGcmwJZVrYWwkbUk0Z2nSKNgRv8eVl0qxWvPNK9e6iXLvO4yjAMZzAGXhwCTW4hTo0gMEAnuEV3hzpvDjvzse8dcXJZ47gD5zPH04hjc8=</latexit>

in SU(N)N2 � 1
<latexit sha1_base64="ikrAXeU0s2cbc0uG3HbUzKsHYDY=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgxbJbBT0WvXiSCm5baNeSTbNtaDa7JFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXpAIro3jfKPCyura+kZxs7S1vbO7V94/aOo4VZR5NBaxagdEM8El8ww3grUTxUgUCNYKRjdTv/XElOaxfDDjhPkRGUgeckqMlby7x9qZ2ytXnKozA14mbk4qkKPRK391+zFNIyYNFUTrjuskxs+IMpwKNil1U80SQkdkwDqWShIx7WezYyf4xCp9HMbKljR4pv6eyEik9TgKbGdEzFAvelPxP6+TmvDKz7hMUsMknS8KU4FNjKef4z5XjBoxtoRQxe2tmA6JItTYfEo2BHfx5WXSrFXd82rt/qJSv87jKMIRHMMpuHAJdbiFBnhAgcMzvMIbkugFvaOPeWsB5TOH8Afo8wenNI3s</latexit>
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The covariant derivative 

Dµ (x) =
�
@µ � ig Aa

µ(x) t
a
�
 (x)

<latexit sha1_base64="L/PMcaPsYMKkzvHmYcE4lC9Ydso="></latexit><latexit sha1_base64="L/PMcaPsYMKkzvHmYcE4lC9Ydso="></latexit><latexit sha1_base64="L/PMcaPsYMKkzvHmYcE4lC9Ydso="></latexit><latexit sha1_base64="L/PMcaPsYMKkzvHmYcE4lC9Ydso="></latexit>

)
<latexit sha1_base64="aa+RtvqzfdVoDKVWFQEMlw9hXxM=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laQKeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+OeV6t1FuXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5JpkXE=</latexit> Dµ (x) ! g(x)Dµ (x)

<latexit sha1_base64="HI/qi520VSkvlhWnibV+GQvOwN8=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoICWpgi6LunBZwT6gCWEynbRDJ5MwMxFL6A+48VfcuFDErXt3/o3TNIvaemDgcM693DnHjxmVyrJ+jMLS8srqWnG9tLG5tb1j7u61ZJQITJo4YpHo+EgSRjlpKqoY6cSCoNBnpO0Pryd++4EISSN+r0YxcUPU5zSgGCkteebRjeeEiRNLWnk8gY6KYD8jp7O6Z5atqpUBLhI7J2WQo+GZ304vwklIuMIMSdm1rVi5KRKKYkbGJSeRJEZ4iPqkqylHIZFumqUZw2Ot9GAQCf24gpk6u5GiUMpR6OvJEKmBnPcm4n9eN1HBpZtSHieKcDw9FCQM6tCTamCPCoIVG2mCsKD6rxAPkEBY6QJLugR7PvIiadWq9lm1dnderl/ldRTBATgEFWCDC1AHt6ABmgCDJ/AC3sC78Wy8Gh/G53S0YOQ7++APjK9fuh6aEg==</latexit>

 ̄ (i/D �m) 
<latexit sha1_base64="t+4/7v2wTQIiM8Nuya/UXsC4DDY=">AAACHnicbVDLSgMxFM34rPVVdekmWIS6aJmpii6LunBZwT6gU0omzXRCk5khuSOUoV/ixl9x40IRwZX+jZm2C209EDicc26Se7xYcA22/W0tLa+srq3nNvKbW9s7u4W9/aaOEkVZg0YiUm2PaCZ4yBrAQbB2rBiRnmAtb3id+a0HpjSPwnsYxawrySDkPqcEjNQrnLseUakbaz52BfOhxF0tiA6wG+ghj8t2pVqlEt+Upav4IICTLJrvFYp2xZ4ALxJnRopohnqv8On2I5pIFgI11+uOY8fQTYkCTgUb591Es5jQIRmwjqEhkUx308l6Y3xslD72I2VOCHii/p5IidR6JD2TlAQCPe9l4n9eJwH/spvyME6AhXT6kJ8IDBHOusJ9rhgFMTKEUMXNXzENiCIUTKNZCc78youkWa04p5Xq3VmxdjWrI4cO0REqIQddoBq6RXXUQBQ9omf0it6sJ+vFerc+ptElazZzgP7A+voB7Uuhrg==</latexit>

so is gauge invariant

To complete         we need the kinetic terms for the gauge bosonsL
<latexit sha1_base64="BiDu9/BIAMDr7X/Jwp1nq4e9ZdQ=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxYOHCOYByRJmJ7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7a2srq1vbBa2its7u3v7pYPDplGpJrRBFFe6HWFDOZO0YZnltJ1oikXEaSsa3Uz91hPVhin5YMcJDQUeSBYzgq2Tml2CObrrlcp+xZ8BLZMgJ2XIUe+Vvrp9RVJBpSUcG9MJ/MSGGdaWEU4nxW5qaILJCA9ox1GJBTVhNrt2gk6d0kex0q6kRTP190SGhTFjEblOge3QLHpT8T+vk9r4KsyYTFJLJZkvilOOrELT11GfaUosHzuCiWbuVkSGWGNiXUBFF0Kw+PIyaVYrwXmlen9Rrl3ncRTgGE7gDAK4hBrcQh0aQOARnuEV3jzlvXjv3se8dcXLZ47gD7zPH+uvjrI=</latexit>

Need 2 derivatives of the gauge fields. We start by considering the following “differential operator”

[Dµ, D⌫ ] (x) = �ig (@µA⌫ � @⌫Aµ) (x)� g2 [Aµ, A⌫ ] (x)
<latexit sha1_base64="TFCb7bbJiNBGfGVnJ2nWSIhQ8yA="></latexit>

[Dµ, D⌫ ] (x) ⌘ �ig Fµ⌫  (x)
<latexit sha1_base64="Sn71+9Dm83lWB8ngbZoPcL3cUfY=">AAACHnicbVBLS8NAGNz4rPUV9ehlsQgKtSQ+0GNREY8VbCskIWy2m7p0s4n7EEvoL/HiX/HiQRHBk/4bt20OvgZ2GWbmY/ebKGNUKsf5tCYmp6ZnZktz5fmFxaVle2W1JVMtMGnilKXiKkKSMMpJU1HFyFUmCEoiRtpR72Tot2+JkDTll6qfkSBBXU5jipEyUmgfeKehn+iqubkO/EzSrbtt6JMbTW/hDoVdv3oW5iZh7IFfLQKhXXFqzgjwL3ELUgEFGqH97ndSrBPCFWZISs91MhXkSCiKGRmUfS1JhnAPdYlnKEcJkUE+Wm8AN43SgXEqzOEKjtTvEzlKpOwnkUkmSF3L395Q/M/ztIqPgpzyTCvC8fihWDOoUjjsCnaoIFixviEIC2r+CvE1Eggr02jZlOD+Xvkvae3W3L3a7sV+pX5c1FEC62ADbAEXHII6OAcN0AQY3INH8AxerAfryXq13sbRCauYWQM/YH18AUaAoVc=</latexit>

Writing it out

Then                          not really a differential operator![Dµ, D⌫ ]
<latexit sha1_base64="4bQqqMb0wt6m/bx2l9T7OkQ6llI=">AAAB9HicbVDLSsNAFL3xWeur6tJNsAgupCRV0GVRFy4r2AekoUymk3bozCTOo1BCv8ONC0Xc+jHu/BunbRbaeuBeDufcy9w5Ucqo0p737aysrq1vbBa2its7u3v7pYPDpkqMxKSBE5bIdoQUYVSQhqaakXYqCeIRI61oeDv1WyMiFU3Eox6nJOSoL2hMMdJWCoO7boebc9uFCbulslfxZnCXiZ+TMuSod0tfnV6CDSdCY4aUCnwv1WGGpKaYkUmxYxRJER6iPgksFYgTFWazoyfuqVV6bpxIW0K7M/X3Roa4UmMe2UmO9EAtelPxPy8wOr4OMypSo4nA84diw1yduNME3B6VBGs2tgRhSe2tLh4gibC2ORVtCP7il5dJs1rxLyrVh8ty7SaPowDHcAJn4MMV1OAe6tAADE/wDK/w5oycF+fd+ZiPrjj5zhH8gfP5AxV4kac=</latexit>
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From the definition we see that the tensor matrix is

Fµ⌫ = @µA⌫ � @⌫Aµ � ig [Aµ, A⌫ ]
<latexit sha1_base64="6sN+jJQaJacSTAzKDLDmr9sVa1k="></latexit>

Or, in components

Fµ⌫ =
�
@µA

a
⌫ � @⌫A

a
µ

�
ta � ig Aa

µA
b
⌫ [t

a, tb]
<latexit sha1_base64="jZrMPHFOSLToKEVMmZsyIkkBYKM="></latexit>

It is useful to define

Fµ⌫ ⌘ F a
µ⌫ t

a
<latexit sha1_base64="cs3L4MeEOZ/IOgpBjo/knfudXAM=">AAACC3icbVDLSsNAFJ34rPUVdelmaBFcSEmqoMuiUFxWsA9oYplMJ+3QySTOo1BC9278FTcuFHHrD7jzb5y2AbX1wIUz59zL3HuChFGpHOfLWlpeWV1bz23kN7e2d3btvf2GjLXApI5jFotWgCRhlJO6ooqRViIIigJGmsHgauI3h0RIGvNbNUqIH6EepyHFSBmpYxeqndSLtMf12CP3mg5h9Q79SCfKvOyiU3KmgIvEzUgRZKh17E+vG2MdEa4wQ1K2XSdRfoqEopiRcd7TkiQID1CPtA3lKCLST6e3jOGRUbowjIUpruBU/T2RokjKURSYzgipvpz3JuJ/Xlur8MJPKU+0IhzPPgo1gyqGk2BglwqCFRsZgrCgZleI+0ggrEx8eROCO3/yImmUS+5pqXxzVqxcZnHkwCEogGPggnNQAdegBuoAgwfwBF7Aq/VoPVtv1vusdcnKZg7AH1gf34O3m1c=</latexit>

F a
µ⌫ = @µA

a
⌫ � @⌫A

a
µ + gfabcAb

µA
c
⌫

<latexit sha1_base64="tkxA1orsXNAVqFXg/E3oCTB8egc="></latexit>

So the non Abelian field strength tensor is 
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Gauge Boson Kinetic Term

Since under a gauge transformation  (x) ! g(x) (x)
<latexit sha1_base64="dNkr7dZD4+NY3X5w6b6RIuGWHvw=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIFaQkIuiy6MZlBfuAJpTJdNIOnUzCzEQsobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXOChDOlHefbKiwtr6yuFddLG5tb2zv27l5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HweuK37qlULBZ3epRQP8J9wUJGsDZS1z7wEsUqDyfI0zHqG+Kd5krXLjtVZwq0SNyclCFHvWt/eb2YpBEVmnCsVMd1Eu1nWGpGOB2XvFTRBJMh7tOOoQJHVPnZNMIYHRulh8JYmic0mqq/NzIcKTWKAjMZYT1Q895E/M/rpDq89DMmklRTQWaHwpQjE3fSB+oxSYnmI0Mwkcz8FZEBlpho01rJlODOR14kzbOq61Td2/Ny7SqvowiHcAQVcOECanADdWgAgUd4hld4s56sF+vd+piNFqx8Zx/+wPr8Acr/lb4=</latexit><latexit sha1_base64="dNkr7dZD4+NY3X5w6b6RIuGWHvw=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIFaQkIuiy6MZlBfuAJpTJdNIOnUzCzEQsobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXOChDOlHefbKiwtr6yuFddLG5tb2zv27l5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HweuK37qlULBZ3epRQP8J9wUJGsDZS1z7wEsUqDyfI0zHqG+Kd5krXLjtVZwq0SNyclCFHvWt/eb2YpBEVmnCsVMd1Eu1nWGpGOB2XvFTRBJMh7tOOoQJHVPnZNMIYHRulh8JYmic0mqq/NzIcKTWKAjMZYT1Q895E/M/rpDq89DMmklRTQWaHwpQjE3fSB+oxSYnmI0Mwkcz8FZEBlpho01rJlODOR14kzbOq61Td2/Ny7SqvowiHcAQVcOECanADdWgAgUd4hld4s56sF+vd+piNFqx8Zx/+wPr8Acr/lb4=</latexit><latexit sha1_base64="dNkr7dZD4+NY3X5w6b6RIuGWHvw=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIFaQkIuiy6MZlBfuAJpTJdNIOnUzCzEQsobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXOChDOlHefbKiwtr6yuFddLG5tb2zv27l5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HweuK37qlULBZ3epRQP8J9wUJGsDZS1z7wEsUqDyfI0zHqG+Kd5krXLjtVZwq0SNyclCFHvWt/eb2YpBEVmnCsVMd1Eu1nWGpGOB2XvFTRBJMh7tOOoQJHVPnZNMIYHRulh8JYmic0mqq/NzIcKTWKAjMZYT1Q895E/M/rpDq89DMmklRTQWaHwpQjE3fSB+oxSYnmI0Mwkcz8FZEBlpho01rJlODOR14kzbOq61Td2/Ny7SqvowiHcAQVcOECanADdWgAgUd4hld4s56sF+vd+piNFqx8Zx/+wPr8Acr/lb4=</latexit><latexit sha1_base64="dNkr7dZD4+NY3X5w6b6RIuGWHvw=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIFaQkIuiy6MZlBfuAJpTJdNIOnUzCzEQsobjxV9y4UMStX+HOv3HaZqGtBwYO59zLnXOChDOlHefbKiwtr6yuFddLG5tb2zv27l5TxakktEFiHst2gBXlTNCGZprTdiIpjgJOW8HweuK37qlULBZ3epRQP8J9wUJGsDZS1z7wEsUqDyfI0zHqG+Kd5krXLjtVZwq0SNyclCFHvWt/eb2YpBEVmnCsVMd1Eu1nWGpGOB2XvFTRBJMh7tOOoQJHVPnZNMIYHRulh8JYmic0mqq/NzIcKTWKAjMZYT1Q895E/M/rpDq89DMmklRTQWaHwpQjE3fSB+oxSYnmI0Mwkcz8FZEBlpho01rJlODOR14kzbOq61Td2/Ny7SqvowiHcAQVcOECanADdWgAgUd4hld4s56sF+vd+piNFqx8Zx/+wPr8Acr/lb4=</latexit>

and also Dµ (x) ! g(x)Dµ (x)
<latexit sha1_base64="s/PgaWOhgVwJdDBT0KdfbU0A0hE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQQcqMCLos6sJlBfuAzlAyaaYNTTJDkhFL6Qe48VfcuFDErR/gzr8xbWehrQcCh3PO5eaeMOFMG9f9dnJLyyura/n1wsbm1vZOcXevoeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uJr4zXuqNIvlnRkmNBC4J1nECDZW6hRL1x1fpH6iWfnhGPkmRj1L/JPfsk25FXcKtEi8jJQgQ61T/PK7MUkFlYZwrHXbcxMTjLAyjHA6LvippgkmA9yjbUslFlQHo+kxY3RklS6KYmWfNGiq/p4YYaH1UIQ2KbDp63lvIv7ntVMTXQQjJpPUUElmi6KUI3vzpBnUZYoSw4eWYKKY/SsifawwMba/gi3Bmz95kTROK55b8W7PStXLrI48HMAhlMGDc6jCDdSgDgQe4Rle4c15cl6cd+djFs052cw+/IHz+QNaSJnk</latexit><latexit sha1_base64="s/PgaWOhgVwJdDBT0KdfbU0A0hE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQQcqMCLos6sJlBfuAzlAyaaYNTTJDkhFL6Qe48VfcuFDErR/gzr8xbWehrQcCh3PO5eaeMOFMG9f9dnJLyyura/n1wsbm1vZOcXevoeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uJr4zXuqNIvlnRkmNBC4J1nECDZW6hRL1x1fpH6iWfnhGPkmRj1L/JPfsk25FXcKtEi8jJQgQ61T/PK7MUkFlYZwrHXbcxMTjLAyjHA6LvippgkmA9yjbUslFlQHo+kxY3RklS6KYmWfNGiq/p4YYaH1UIQ2KbDp63lvIv7ntVMTXQQjJpPUUElmi6KUI3vzpBnUZYoSw4eWYKKY/SsifawwMba/gi3Bmz95kTROK55b8W7PStXLrI48HMAhlMGDc6jCDdSgDgQe4Rle4c15cl6cd+djFs052cw+/IHz+QNaSJnk</latexit><latexit sha1_base64="s/PgaWOhgVwJdDBT0KdfbU0A0hE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQQcqMCLos6sJlBfuAzlAyaaYNTTJDkhFL6Qe48VfcuFDErR/gzr8xbWehrQcCh3PO5eaeMOFMG9f9dnJLyyura/n1wsbm1vZOcXevoeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uJr4zXuqNIvlnRkmNBC4J1nECDZW6hRL1x1fpH6iWfnhGPkmRj1L/JPfsk25FXcKtEi8jJQgQ61T/PK7MUkFlYZwrHXbcxMTjLAyjHA6LvippgkmA9yjbUslFlQHo+kxY3RklS6KYmWfNGiq/p4YYaH1UIQ2KbDp63lvIv7ntVMTXQQjJpPUUElmi6KUI3vzpBnUZYoSw4eWYKKY/SsifawwMba/gi3Bmz95kTROK55b8W7PStXLrI48HMAhlMGDc6jCDdSgDgQe4Rle4c15cl6cd+djFs052cw+/IHz+QNaSJnk</latexit><latexit sha1_base64="s/PgaWOhgVwJdDBT0KdfbU0A0hE=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQQcqMCLos6sJlBfuAzlAyaaYNTTJDkhFL6Qe48VfcuFDErR/gzr8xbWehrQcCh3PO5eaeMOFMG9f9dnJLyyura/n1wsbm1vZOcXevoeNUEVonMY9VK8SaciZp3TDDaStRFIuQ02Y4uJr4zXuqNIvlnRkmNBC4J1nECDZW6hRL1x1fpH6iWfnhGPkmRj1L/JPfsk25FXcKtEi8jJQgQ61T/PK7MUkFlYZwrHXbcxMTjLAyjHA6LvippgkmA9yjbUslFlQHo+kxY3RklS6KYmWfNGiq/p4YYaH1UIQ2KbDp63lvIv7ntVMTXQQjJpPUUElmi6KUI3vzpBnUZYoSw4eWYKKY/SsifawwMba/gi3Bmz95kTROK55b8W7PStXLrI48HMAhlMGDc6jCDdSgDgQe4Rle4c15cl6cd+djFs052cw+/IHz+QNaSJnk</latexit>

then 
[Dµ, D⌫ ] (x) ! g(x) [Dµ, D⌫ ] (x)

<latexit sha1_base64="iRAQ1QEUl+LZ2It9unf/BSuD32w=">AAACHXicbVBLSwMxGMz6rPW16tFLsAgVStmVgh6LevBYwT6guyzZNNuGZrNLHmJZ+ke8+Fe8eFDEgxfx35i2e7CtAwnDzPeRzIQpo1I5zo+1srq2vrFZ2Cpu7+zu7dsHhy2ZaIFJEycsEZ0QScIoJ01FFSOdVBAUh4y0w+H1xG8/ECFpwu/VKCV+jPqcRhQjZaTArnVvAi/WFXNz7XuppOXHM+ipBPYN8SpzNsz9wC45VWcKuEzcnJRAjkZgf3m9BOuYcIUZkrLrOqnyMyQUxYyMi56WJEV4iPqkayhHMZF+Nk03hqdG6cEoEeZwBafq340MxVKO4tBMxkgN5KI3Ef/zulpFl35GeaoV4Xj2UKQZNOEnVcEeFQQrNjIEYUHNXyEeIIGwMoUWTQnuYuRl0jqvuk7VvauV6ld5HQVwDE5AGbjgAtTBLWiAJsDgCbyAN/BuPVuv1of1ORtdsfKdIzAH6/sXZq+gOg==</latexit><latexit sha1_base64="iRAQ1QEUl+LZ2It9unf/BSuD32w=">AAACHXicbVBLSwMxGMz6rPW16tFLsAgVStmVgh6LevBYwT6guyzZNNuGZrNLHmJZ+ke8+Fe8eFDEgxfx35i2e7CtAwnDzPeRzIQpo1I5zo+1srq2vrFZ2Cpu7+zu7dsHhy2ZaIFJEycsEZ0QScIoJ01FFSOdVBAUh4y0w+H1xG8/ECFpwu/VKCV+jPqcRhQjZaTArnVvAi/WFXNz7XuppOXHM+ipBPYN8SpzNsz9wC45VWcKuEzcnJRAjkZgf3m9BOuYcIUZkrLrOqnyMyQUxYyMi56WJEV4iPqkayhHMZF+Nk03hqdG6cEoEeZwBafq340MxVKO4tBMxkgN5KI3Ef/zulpFl35GeaoV4Xj2UKQZNOEnVcEeFQQrNjIEYUHNXyEeIIGwMoUWTQnuYuRl0jqvuk7VvauV6ld5HQVwDE5AGbjgAtTBLWiAJsDgCbyAN/BuPVuv1of1ORtdsfKdIzAH6/sXZq+gOg==</latexit><latexit sha1_base64="iRAQ1QEUl+LZ2It9unf/BSuD32w=">AAACHXicbVBLSwMxGMz6rPW16tFLsAgVStmVgh6LevBYwT6guyzZNNuGZrNLHmJZ+ke8+Fe8eFDEgxfx35i2e7CtAwnDzPeRzIQpo1I5zo+1srq2vrFZ2Cpu7+zu7dsHhy2ZaIFJEycsEZ0QScIoJ01FFSOdVBAUh4y0w+H1xG8/ECFpwu/VKCV+jPqcRhQjZaTArnVvAi/WFXNz7XuppOXHM+ipBPYN8SpzNsz9wC45VWcKuEzcnJRAjkZgf3m9BOuYcIUZkrLrOqnyMyQUxYyMi56WJEV4iPqkayhHMZF+Nk03hqdG6cEoEeZwBafq340MxVKO4tBMxkgN5KI3Ef/zulpFl35GeaoV4Xj2UKQZNOEnVcEeFQQrNjIEYUHNXyEeIIGwMoUWTQnuYuRl0jqvuk7VvauV6ld5HQVwDE5AGbjgAtTBLWiAJsDgCbyAN/BuPVuv1of1ORtdsfKdIzAH6/sXZq+gOg==</latexit><latexit sha1_base64="iRAQ1QEUl+LZ2It9unf/BSuD32w=">AAACHXicbVBLSwMxGMz6rPW16tFLsAgVStmVgh6LevBYwT6guyzZNNuGZrNLHmJZ+ke8+Fe8eFDEgxfx35i2e7CtAwnDzPeRzIQpo1I5zo+1srq2vrFZ2Cpu7+zu7dsHhy2ZaIFJEycsEZ0QScIoJ01FFSOdVBAUh4y0w+H1xG8/ECFpwu/VKCV+jPqcRhQjZaTArnVvAi/WFXNz7XuppOXHM+ipBPYN8SpzNsz9wC45VWcKuEzcnJRAjkZgf3m9BOuYcIUZkrLrOqnyMyQUxYyMi56WJEV4iPqkayhHMZF+Nk03hqdG6cEoEeZwBafq340MxVKO4tBMxkgN5KI3Ef/zulpFl35GeaoV4Xj2UKQZNOEnVcEeFQQrNjIEYUHNXyEeIIGwMoUWTQnuYuRl0jqvuk7VvauV6ld5HQVwDE5AGbjgAtTBLWiAJsDgCbyAN/BuPVuv1of1ORtdsfKdIzAH6/sXZq+gOg==</latexit>

which means that 

[Dµ, D⌫ ] ! g(x) [Dµ, D⌫ ]g
†(x)

<latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit><latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit><latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5NQXS3xoNsWsPHzlph0nmJ3Ngxg=">AAACEHicbZBNS8MwHMb/nW9zTq1evQSHMGGMdhc9CnrwOMG9QFtLmmVdWJqWJBXH2Pfw4lfx4kERT978NmYvB7f5QMLD8yQk/1+Ucaa04/xYhY3Nre2d4m5pr7x/cGgfldsqzSWhLZLyVHYjrChngrY005x2M0lxEnHaiYbX077zSKViqbjXo4wGCY4F6zOCtYlCu+HdhH6S18wu8gD5OkVx9encry3n8YPfw3FMpelCu+LUnZnQunEXpgILNUP72++lJE+o0IRjpTzXyXQwxlIzwumk5OeKZpgMcUw9YwVOqArGs9km6MwkPdRPpVlCo1n698YYJ0qNksicTLAeqNVuGv7XebnuXwZjJrJcU0HmD/VzjgyBKSjUY5ISzUfGYCKZ+SsiAywx0QZnyUBwV0deN+1G3XXq7p0DRTiBU6iCCxdwBbfQhBYQeIZXeIcP68V6sz7nuArWgtsxLMn6+gVF0p4S</latexit><latexit sha1_base64="5NQXS3xoNsWsPHzlph0nmJ3Ngxg=">AAACEHicbZBNS8MwHMb/nW9zTq1evQSHMGGMdhc9CnrwOMG9QFtLmmVdWJqWJBXH2Pfw4lfx4kERT978NmYvB7f5QMLD8yQk/1+Ucaa04/xYhY3Nre2d4m5pr7x/cGgfldsqzSWhLZLyVHYjrChngrY005x2M0lxEnHaiYbX077zSKViqbjXo4wGCY4F6zOCtYlCu+HdhH6S18wu8gD5OkVx9encry3n8YPfw3FMpelCu+LUnZnQunEXpgILNUP72++lJE+o0IRjpTzXyXQwxlIzwumk5OeKZpgMcUw9YwVOqArGs9km6MwkPdRPpVlCo1n698YYJ0qNksicTLAeqNVuGv7XebnuXwZjJrJcU0HmD/VzjgyBKSjUY5ISzUfGYCKZ+SsiAywx0QZnyUBwV0deN+1G3XXq7p0DRTiBU6iCCxdwBbfQhBYQeIZXeIcP68V6sz7nuArWgtsxLMn6+gVF0p4S</latexit><latexit sha1_base64="omSbWto/vbcowWjvzwO6+1+MceI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAgVSkm60WVRFy4r2AckMUwm03ToZBJmJmIJ/Q83/oobF4q4Elz4N07bLGzrgXs5nHMvM/cEKaNSWdaPsbK6tr6xWdoqb+/s7u2bB4cdmWQCkzZOWCJ6AZKEUU7aiipGeqkgKA4Y6QbDq4nffSBC0oTfqVFKvBhFnPYpRkpLvtlwrn03zmq688yDrkpgVH08c2vzenTvhiiKiNCeb1asujUFXCZ2QSqgQMs3v9wwwVlMuMIMSenYVqq8HAlFMSPjsptJkiI8RBFxNOUoJtLLp7eN4alWQthPhC6u4FT9u5GjWMpRHOjJGKmBXPQm4n+ek6n+hZdTnmaKcDx7qJ8xqBOYBAVDKghWbKQJwoLqv0I8QAJhpeMs6xDsxZOXSadRt626fWtVmpdFHCVwDE5AFdjgHDTBDWiBNsDgCbyAN/BuPBuvxofxORtdMYqdIzAH4/sXHNGflA==</latexit><latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit><latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit><latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit><latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit><latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit><latexit sha1_base64="+/21ldduC0Hl4VAM3fp87Tr6yy0=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0WoUEpSBF0WdeGygn1AE8tkMkmHTiZhZiKW0P9w46+4caGIK8GFf+O0zcK2HriXwzn3MnOPlzAqlWX9GIWV1bX1jeJmaWt7Z3fP3D9oyzgVmLRwzGLR9ZAkjHLSUlQx0k0EQZHHSMcbXk38zgMRksb8To0S4kYo5DSgGCkt9c1677rvRGlVd5660FExDCuPp051Xg/vHR+FIRHa65tlq2ZNAZeJnZMyyNHsm1+OH+M0IlxhhqTs2Vai3AwJRTEj45KTSpIgPEQh6WnKUUSkm01vG8MTrfgwiIUuruBU/buRoUjKUeTpyQipgVz0JuJ/Xi9VwYWbUZ6kinA8eyhIGdQJTIKCPhUEKzbSBGFB9V8hHiCBsNJxlnQI9uLJy6Rdr9lWzb49Kzcu8ziK4AgcgwqwwTlogBvQBC2AwRN4AW/g3Xg2Xo0P43M2WjDynUMwB+P7Fx4Rn5g=</latexit>

or equivalently

Fµ⌫ ! g(x)Fµ⌫ g
†(x)

<latexit sha1_base64="s0iHuy7VKE/hc/sPOuky+COpR2Y=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoUEsigi6LgrisYB/QxDCZTNKhk0mYmYgl9Cvc+CtuXCjiVtz5N04foLYeGDiccy93zvFTRqWyrC+jsLC4tLxSXC2trW9sbpnbOy2ZZAKTJk5YIjo+koRRTpqKKkY6qSAo9hlp+/2Lkd++I0LShN+oQUrcGEWchhQjpSXPPLr0cifOHJ4NoaMSGFXuD53qj+hUo1snQFFEhHY8s2zVrDHgPLGnpAymaHjmpxMkOIsJV5ghKbu2lSo3R0JRzMiw5GSSpAj3UUS6mnIUE+nm41hDeKCVAIaJ0I8rOFZ/b+QolnIQ+3oyRqonZ72R+J/XzVR45uaUp5kiHE8OhRmDOv+oIxhQQbBiA00QFlT/FeIeEggr3WRJl2DPRp4nreOabdXs65Ny/XxaRxHsgX1QATY4BXVwBRqgCTB4AE/gBbwaj8az8Wa8T0YLxnRnF/yB8fENISCetA==</latexit><latexit sha1_base64="s0iHuy7VKE/hc/sPOuky+COpR2Y=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoUEsigi6LgrisYB/QxDCZTNKhk0mYmYgl9Cvc+CtuXCjiVtz5N04foLYeGDiccy93zvFTRqWyrC+jsLC4tLxSXC2trW9sbpnbOy2ZZAKTJk5YIjo+koRRTpqKKkY6qSAo9hlp+/2Lkd++I0LShN+oQUrcGEWchhQjpSXPPLr0cifOHJ4NoaMSGFXuD53qj+hUo1snQFFEhHY8s2zVrDHgPLGnpAymaHjmpxMkOIsJV5ghKbu2lSo3R0JRzMiw5GSSpAj3UUS6mnIUE+nm41hDeKCVAIaJ0I8rOFZ/b+QolnIQ+3oyRqonZ72R+J/XzVR45uaUp5kiHE8OhRmDOv+oIxhQQbBiA00QFlT/FeIeEggr3WRJl2DPRp4nreOabdXs65Ny/XxaRxHsgX1QATY4BXVwBRqgCTB4AE/gBbwaj8az8Wa8T0YLxnRnF/yB8fENISCetA==</latexit><latexit sha1_base64="s0iHuy7VKE/hc/sPOuky+COpR2Y=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoUEsigi6LgrisYB/QxDCZTNKhk0mYmYgl9Cvc+CtuXCjiVtz5N04foLYeGDiccy93zvFTRqWyrC+jsLC4tLxSXC2trW9sbpnbOy2ZZAKTJk5YIjo+koRRTpqKKkY6qSAo9hlp+/2Lkd++I0LShN+oQUrcGEWchhQjpSXPPLr0cifOHJ4NoaMSGFXuD53qj+hUo1snQFFEhHY8s2zVrDHgPLGnpAymaHjmpxMkOIsJV5ghKbu2lSo3R0JRzMiw5GSSpAj3UUS6mnIUE+nm41hDeKCVAIaJ0I8rOFZ/b+QolnIQ+3oyRqonZ72R+J/XzVR45uaUp5kiHE8OhRmDOv+oIxhQQbBiA00QFlT/FeIeEggr3WRJl2DPRp4nreOabdXs65Ny/XxaRxHsgX1QATY4BXVwBRqgCTB4AE/gBbwaj8az8Wa8T0YLxnRnF/yB8fENISCetA==</latexit><latexit sha1_base64="s0iHuy7VKE/hc/sPOuky+COpR2Y=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WoUEsigi6LgrisYB/QxDCZTNKhk0mYmYgl9Cvc+CtuXCjiVtz5N04foLYeGDiccy93zvFTRqWyrC+jsLC4tLxSXC2trW9sbpnbOy2ZZAKTJk5YIjo+koRRTpqKKkY6qSAo9hlp+/2Lkd++I0LShN+oQUrcGEWchhQjpSXPPLr0cifOHJ4NoaMSGFXuD53qj+hUo1snQFFEhHY8s2zVrDHgPLGnpAymaHjmpxMkOIsJV5ghKbu2lSo3R0JRzMiw5GSSpAj3UUS6mnIUE+nm41hDeKCVAIaJ0I8rOFZ/b+QolnIQ+3oyRqonZ72R+J/XzVR45uaUp5kiHE8OhRmDOv+oIxhQQbBiA00QFlT/FeIeEggr3WRJl2DPRp4nreOabdXs65Ny/XxaRxHsgX1QATY4BXVwBRqgCTB4AE/gBbwaj8az8Wa8T0YLxnRnF/yB8fENISCetA==</latexit>

)
<latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit><latexit sha1_base64="GrwPdjyEmJuJhVgd1N4Vpb7je7s=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMVWwtNKJvtpl262Q27E6WU/g0vHhTx6p/x5r9x0+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h+0jco0ZS2qhNKdiBgmuGQt5ChYJ9WMJJFgD9HoOvcfHpk2XMl7HKcsTMhA8phTglYKgjs+GCLRWj1VetWaV/dmcJeJX5AaFGj2ql9BX9EsYRKpIMZ0fS/FcEI0cirYtBJkhqWEjsiAdS2VJGEmnMxunronVum7sdK2JLoz9ffEhCTGjJPIdiYEh2bRy8X/vG6G8WU44TLNkEk6XxRnwkXl5gG4fa4ZRTG2hFDN7a0uHRJNKNqY8hD8xZeXSfus7nt1//a81rgq4ijDERzDKfhwAQ24gSa0gEIKz/AKb07mvDjvzse8teQUM4fwB87nD8nAkYE=</latexit>

Tr[Fµ⌫F
µ⌫ ] ! Tr[g(x)Fµ⌫g

†(x)g(x)Fµ⌫g†(x) = Tr[Fµ⌫F
µ⌫ ]

<latexit sha1_base64="9indce99BYuoJ9/69GZWSv/ruS4="></latexit><latexit sha1_base64="9indce99BYuoJ9/69GZWSv/ruS4="></latexit><latexit sha1_base64="9indce99BYuoJ9/69GZWSv/ruS4="></latexit><latexit sha1_base64="9indce99BYuoJ9/69GZWSv/ruS4="></latexit>

is gauge invariant
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Choosing the standard normalization (which reduces to the QED one for the U(1) case)  
and using that 

Tr[tatb] =
�ab

2
<latexit sha1_base64="JeIDWwTb8b0eFaWVuL9a8qw9dQg=">AAACEnicbVDJSsRAEO24O25Rj14aB0EvQyKCXgTRi8cRZoMkM1R6OtrYWeiuCEPIN3jxV7x4UMSrJ2/+jT3LQWd8UPB4r4qqemEmhUbH+bbm5hcWl5ZXVitr6xubW/b2TkunuWK8yVKZqk4ImkuR8CYKlLyTKQ5xKHk7vL8a+u0HrrRIkwYOMh7EcJuISDBAI/Xso8JXMW2o0sMuUOyGAT2nfqSAFX6fS4RuAWFZFsdlz646NWcEOkvcCamSCeo9+8vvpyyPeYJMgtae62QYFKBQMMnLip9rngG7h1vuGZpAzHVQjF4q6YFR+jRKlakE6Uj9PVFArPUgDk1nDHinp72h+J/n5RidBYVIshx5wsaLolxSTOkwH9oXijOUA0OAKWFupewOTB5oUqyYENzpl2dJ67jmOjX35qR6cTmJY4XskX1ySFxySi7INamTJmHkkTyTV/JmPVkv1rv1MW6dsyYzu+QPrM8fBXGdsw==</latexit><latexit sha1_base64="JeIDWwTb8b0eFaWVuL9a8qw9dQg=">AAACEnicbVDJSsRAEO24O25Rj14aB0EvQyKCXgTRi8cRZoMkM1R6OtrYWeiuCEPIN3jxV7x4UMSrJ2/+jT3LQWd8UPB4r4qqemEmhUbH+bbm5hcWl5ZXVitr6xubW/b2TkunuWK8yVKZqk4ImkuR8CYKlLyTKQ5xKHk7vL8a+u0HrrRIkwYOMh7EcJuISDBAI/Xso8JXMW2o0sMuUOyGAT2nfqSAFX6fS4RuAWFZFsdlz646NWcEOkvcCamSCeo9+8vvpyyPeYJMgtae62QYFKBQMMnLip9rngG7h1vuGZpAzHVQjF4q6YFR+jRKlakE6Uj9PVFArPUgDk1nDHinp72h+J/n5RidBYVIshx5wsaLolxSTOkwH9oXijOUA0OAKWFupewOTB5oUqyYENzpl2dJ67jmOjX35qR6cTmJY4XskX1ySFxySi7INamTJmHkkTyTV/JmPVkv1rv1MW6dsyYzu+QPrM8fBXGdsw==</latexit><latexit sha1_base64="JeIDWwTb8b0eFaWVuL9a8qw9dQg=">AAACEnicbVDJSsRAEO24O25Rj14aB0EvQyKCXgTRi8cRZoMkM1R6OtrYWeiuCEPIN3jxV7x4UMSrJ2/+jT3LQWd8UPB4r4qqemEmhUbH+bbm5hcWl5ZXVitr6xubW/b2TkunuWK8yVKZqk4ImkuR8CYKlLyTKQ5xKHk7vL8a+u0HrrRIkwYOMh7EcJuISDBAI/Xso8JXMW2o0sMuUOyGAT2nfqSAFX6fS4RuAWFZFsdlz646NWcEOkvcCamSCeo9+8vvpyyPeYJMgtae62QYFKBQMMnLip9rngG7h1vuGZpAzHVQjF4q6YFR+jRKlakE6Uj9PVFArPUgDk1nDHinp72h+J/n5RidBYVIshx5wsaLolxSTOkwH9oXijOUA0OAKWFupewOTB5oUqyYENzpl2dJ67jmOjX35qR6cTmJY4XskX1ySFxySi7INamTJmHkkTyTV/JmPVkv1rv1MW6dsyYzu+QPrM8fBXGdsw==</latexit><latexit sha1_base64="JeIDWwTb8b0eFaWVuL9a8qw9dQg=">AAACEnicbVDJSsRAEO24O25Rj14aB0EvQyKCXgTRi8cRZoMkM1R6OtrYWeiuCEPIN3jxV7x4UMSrJ2/+jT3LQWd8UPB4r4qqemEmhUbH+bbm5hcWl5ZXVitr6xubW/b2TkunuWK8yVKZqk4ImkuR8CYKlLyTKQ5xKHk7vL8a+u0HrrRIkwYOMh7EcJuISDBAI/Xso8JXMW2o0sMuUOyGAT2nfqSAFX6fS4RuAWFZFsdlz646NWcEOkvcCamSCeo9+8vvpyyPeYJMgtae62QYFKBQMMnLip9rngG7h1vuGZpAzHVQjF4q6YFR+jRKlakE6Uj9PVFArPUgDk1nDHinp72h+J/n5RidBYVIshx5wsaLolxSTOkwH9oXijOUA0OAKWFupewOTB5oUqyYENzpl2dJ67jmOjX35qR6cTmJY4XskX1ySFxySi7INamTJmHkkTyTV/JmPVkv1rv1MW6dsyYzu+QPrM8fBXGdsw==</latexit>

We arrive at the Gauge invariant Lagrangian of a non Abelian gauge theory

L =  ̄(i/D �m) � 1

2
Tr[Fµ⌫ F

µ⌫ ]

=  ̄(i/D �m) � 1

4
F a
µ⌫ F

aµ⌫

<latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit><latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit><latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LJ2lJMKJA4nlkkdcNlqYi5KedZ8="></latexit><latexit sha1_base64="LJ2lJMKJA4nlkkdcNlqYi5KedZ8="></latexit><latexit sha1_base64="sBiNEVN57CYBW72qC+hVB4lpX9o="></latexit><latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit><latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit><latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit><latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit><latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit><latexit sha1_base64="VPhcClRepAmNHQNxMdUYrRlswI4="></latexit>

Careful: form of gauge boson kinetic term is deceivingly simple! It’s not just the sum of N2 � 1
<latexit sha1_base64="0B4GwroejmMmSniL31hbpbK2K9k=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRF0GPRiyepYNpCG8tmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHN1O/+YRK80Q+mFGKQUz7kkecUWMl/+6xeu51S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vk0a14rkV7/6iXLvO4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi3rjj5zBH8gfP5A6Xmjeg=</latexit><latexit sha1_base64="0B4GwroejmMmSniL31hbpbK2K9k=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRF0GPRiyepYNpCG8tmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHN1O/+YRK80Q+mFGKQUz7kkecUWMl/+6xeu51S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vk0a14rkV7/6iXLvO4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi3rjj5zBH8gfP5A6Xmjeg=</latexit><latexit sha1_base64="0B4GwroejmMmSniL31hbpbK2K9k=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRF0GPRiyepYNpCG8tmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHN1O/+YRK80Q+mFGKQUz7kkecUWMl/+6xeu51S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vk0a14rkV7/6iXLvO4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi3rjj5zBH8gfP5A6Xmjeg=</latexit><latexit sha1_base64="0B4GwroejmMmSniL31hbpbK2K9k=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRF0GPRiyepYNpCG8tmO2mXbjZhdyOU0t/gxYMiXv1B3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnYKm7v7O7tlw4OGzrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHN1O/+YRK80Q+mFGKQUz7kkecUWMl/+6xeu51S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vk0a14rkV7/6iXLvO4yjAMZzAGXhwCTW4hTr4wIDDM7zCmyOdF+fd+Zi3rjj5zBH8gfP5A6Xmjeg=</latexit>

photons

�
F a
µ⌫ = @µA

a
⌫ � @⌫A

a
µ + gfabcAb

µA
c
⌫

�2
<latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit><latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit><latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="3/xQsdau9C4ccKQlB7AyUP2Vk1Q="></latexit><latexit sha1_base64="3/xQsdau9C4ccKQlB7AyUP2Vk1Q="></latexit><latexit sha1_base64="M5B894LEZ358syq3IAe9BknaN1k="></latexit><latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit><latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit><latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit><latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit><latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit><latexit sha1_base64="acOyitG9kFedXyUP+sJ/lXrTpV8="></latexit>

Contains triple and quartic gauge bosons interactions in addition to the squared derivatives
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Feynman Rules in Non Abelian Gauge Theories

j
<latexit sha1_base64="lmQYKJWXzkz2O2NQWqCj9fAOmNo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0Tx775Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACaUjRg=</latexit><latexit sha1_base64="lmQYKJWXzkz2O2NQWqCj9fAOmNo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0Tx775Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACaUjRg=</latexit><latexit sha1_base64="lmQYKJWXzkz2O2NQWqCj9fAOmNo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0Tx775Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACaUjRg=</latexit><latexit sha1_base64="lmQYKJWXzkz2O2NQWqCj9fAOmNo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF49V7Ae0oWy2k3btZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0Tx775Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwys+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qnlv17i4r9es8jiKcwCmcgwc1qMMtNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+ACaUjRg=</latexit>

i g�µ taij
<latexit sha1_base64="EzrhlAbnoCj+CUPnvCBF1V132LM=">AAACBHicbVC7SgNBFJ31GeMraplmMAgWIeyKoGXQxjKCeUB2E+5OJpsxM7PLzKwQlhQ2/oqNhSK2foSdf+PkUWjigQuHc+7l3nvChDNtXPfbWVldW9/YzG3lt3d29/YLB4cNHaeK0DqJeaxaIWjKmaR1wwynrURRECGnzXB4PfGbD1RpFss7M0poICCSrM8IGCt1C0XMsF+OsB+BENDxReqXTQe6Gbsfdwslt+JOgZeJNyclNEetW/jyezFJBZWGcNC67bmJCTJQhhFOx3k/1TQBMoSIti2VIKgOsukTY3xilR7ux8qWNHiq/p7IQGg9EqHtFGAGetGbiP957dT0L4OMySQ1VJLZon7KsYnxJBHcY4oSw0eWAFHM3orJABQQY3PL2xC8xZeXSeOs4rkV7/a8VL2ax5FDRXSMTpGHLlAV3aAaqiOCHtEzekVvzpPz4rw7H7PWFWc+c4T+wPn8AWeWl1E=</latexit><latexit sha1_base64="EzrhlAbnoCj+CUPnvCBF1V132LM=">AAACBHicbVC7SgNBFJ31GeMraplmMAgWIeyKoGXQxjKCeUB2E+5OJpsxM7PLzKwQlhQ2/oqNhSK2foSdf+PkUWjigQuHc+7l3nvChDNtXPfbWVldW9/YzG3lt3d29/YLB4cNHaeK0DqJeaxaIWjKmaR1wwynrURRECGnzXB4PfGbD1RpFss7M0poICCSrM8IGCt1C0XMsF+OsB+BENDxReqXTQe6Gbsfdwslt+JOgZeJNyclNEetW/jyezFJBZWGcNC67bmJCTJQhhFOx3k/1TQBMoSIti2VIKgOsukTY3xilR7ux8qWNHiq/p7IQGg9EqHtFGAGetGbiP957dT0L4OMySQ1VJLZon7KsYnxJBHcY4oSw0eWAFHM3orJABQQY3PL2xC8xZeXSeOs4rkV7/a8VL2ax5FDRXSMTpGHLlAV3aAaqiOCHtEzekVvzpPz4rw7H7PWFWc+c4T+wPn8AWeWl1E=</latexit><latexit sha1_base64="EzrhlAbnoCj+CUPnvCBF1V132LM=">AAACBHicbVC7SgNBFJ31GeMraplmMAgWIeyKoGXQxjKCeUB2E+5OJpsxM7PLzKwQlhQ2/oqNhSK2foSdf+PkUWjigQuHc+7l3nvChDNtXPfbWVldW9/YzG3lt3d29/YLB4cNHaeK0DqJeaxaIWjKmaR1wwynrURRECGnzXB4PfGbD1RpFss7M0poICCSrM8IGCt1C0XMsF+OsB+BENDxReqXTQe6Gbsfdwslt+JOgZeJNyclNEetW/jyezFJBZWGcNC67bmJCTJQhhFOx3k/1TQBMoSIti2VIKgOsukTY3xilR7ux8qWNHiq/p7IQGg9EqHtFGAGetGbiP957dT0L4OMySQ1VJLZon7KsYnxJBHcY4oSw0eWAFHM3orJABQQY3PL2xC8xZeXSeOs4rkV7/a8VL2ax5FDRXSMTpGHLlAV3aAaqiOCHtEzekVvzpPz4rw7H7PWFWc+c4T+wPn8AWeWl1E=</latexit><latexit sha1_base64="EzrhlAbnoCj+CUPnvCBF1V132LM=">AAACBHicbVC7SgNBFJ31GeMraplmMAgWIeyKoGXQxjKCeUB2E+5OJpsxM7PLzKwQlhQ2/oqNhSK2foSdf+PkUWjigQuHc+7l3nvChDNtXPfbWVldW9/YzG3lt3d29/YLB4cNHaeK0DqJeaxaIWjKmaR1wwynrURRECGnzXB4PfGbD1RpFss7M0poICCSrM8IGCt1C0XMsF+OsB+BENDxReqXTQe6Gbsfdwslt+JOgZeJNyclNEetW/jyezFJBZWGcNC67bmJCTJQhhFOx3k/1TQBMoSIti2VIKgOsukTY3xilR7ux8qWNHiq/p7IQGg9EqHtFGAGetGbiP957dT0L4OMySQ1VJLZon7KsYnxJBHcY4oSw0eWAFHM3orJABQQY3PL2xC8xZeXSeOs4rkV7/a8VL2ax5FDRXSMTpGHLlAV3aAaqiOCHtEzekVvzpPz4rw7H7PWFWc+c4T+wPn8AWeWl1E=</latexit>

i
<latexit sha1_base64="/7+tge8RMH0NgtB4LYQZUHW4B5w=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EE76btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/ev+NQQ==</latexit><latexit sha1_base64="/7+tge8RMH0NgtB4LYQZUHW4B5w=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EE76btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/ev+NQQ==</latexit><latexit sha1_base64="/7+tge8RMH0NgtB4LYQZUHW4B5w=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EE76btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/ev+NQQ==</latexit><latexit sha1_base64="/7+tge8RMH0NgtB4LYQZUHW4B5w=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTAXXxvO+ndLa+sbmVnm7srO7t3/gHh61dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+nfntJ1SaJ/LRTFIMYjqUPOKMGis9EE76btWreXOQVeIXpAoFGn33qzdIWBajNExQrbu+l5ogp8pwJnBa6WUaU8rGdIhdSyWNUQf5/NQpObPKgESJsiUNmau/J3Iaaz2JQ9sZUzPSy95M/M/rZia6DnIu08ygZItFUSaIScjsbzLgCpkRE0soU9zeStiIKsqMTadiQ/CXX14lrYua79X8+8tq/aaIowwncArn4MMV1OEOGtAEBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/ev+NQQ==</latexit>

(i, j = 1, . . . , N) (a = 1, . . . , N2 � 1)
<latexit sha1_base64="t3EIWKxyqIvWBaA+c27lnpyUmlg=">AAACE3icbVDLSgMxFM3UV62vUZdugkVopZZJEXQjFN24kgr2Ae1YMplMG5t5NMkIZeg/uPFX3LhQxK0bd/6N6QPU1gOBwzn3cHOPE3EmlWV9GamFxaXllfRqZm19Y3PL3N6pyTAWhFZJyEPRcLCknAW0qpjitBEJin2H07rTuxj59XsqJAuDGzWIqO3jTsA8RrDSUts8hDlWuINnqNByQyULV3nY6vdj7MIc/hFvS0co3zazVtEaA84TNCVZMEWlbX7qOIl9GijCsZRNZEXKTrBQjHA6zLRiSSNMerhDm5oG2KfSTsY3DeGBVlzohUK/QMGx+juRYF/Kge/oSR+rrpz1RuJ/XjNW3qmdsCCKFQ3IZJEXc6hCOCoIukxQovhAE0wE03+FpIsFJkrXmNEloNmT50mtVERWEV0fZ8vn0zrSYA/sgxxA4ASUwSWogCog4AE8gRfwajwaz8ab8T4ZTRnTzC74A+PjGx9Zmos=</latexit><latexit sha1_base64="t3EIWKxyqIvWBaA+c27lnpyUmlg=">AAACE3icbVDLSgMxFM3UV62vUZdugkVopZZJEXQjFN24kgr2Ae1YMplMG5t5NMkIZeg/uPFX3LhQxK0bd/6N6QPU1gOBwzn3cHOPE3EmlWV9GamFxaXllfRqZm19Y3PL3N6pyTAWhFZJyEPRcLCknAW0qpjitBEJin2H07rTuxj59XsqJAuDGzWIqO3jTsA8RrDSUts8hDlWuINnqNByQyULV3nY6vdj7MIc/hFvS0co3zazVtEaA84TNCVZMEWlbX7qOIl9GijCsZRNZEXKTrBQjHA6zLRiSSNMerhDm5oG2KfSTsY3DeGBVlzohUK/QMGx+juRYF/Kge/oSR+rrpz1RuJ/XjNW3qmdsCCKFQ3IZJEXc6hCOCoIukxQovhAE0wE03+FpIsFJkrXmNEloNmT50mtVERWEV0fZ8vn0zrSYA/sgxxA4ASUwSWogCog4AE8gRfwajwaz8ab8T4ZTRnTzC74A+PjGx9Zmos=</latexit><latexit sha1_base64="t3EIWKxyqIvWBaA+c27lnpyUmlg=">AAACE3icbVDLSgMxFM3UV62vUZdugkVopZZJEXQjFN24kgr2Ae1YMplMG5t5NMkIZeg/uPFX3LhQxK0bd/6N6QPU1gOBwzn3cHOPE3EmlWV9GamFxaXllfRqZm19Y3PL3N6pyTAWhFZJyEPRcLCknAW0qpjitBEJin2H07rTuxj59XsqJAuDGzWIqO3jTsA8RrDSUts8hDlWuINnqNByQyULV3nY6vdj7MIc/hFvS0co3zazVtEaA84TNCVZMEWlbX7qOIl9GijCsZRNZEXKTrBQjHA6zLRiSSNMerhDm5oG2KfSTsY3DeGBVlzohUK/QMGx+juRYF/Kge/oSR+rrpz1RuJ/XjNW3qmdsCCKFQ3IZJEXc6hCOCoIukxQovhAE0wE03+FpIsFJkrXmNEloNmT50mtVERWEV0fZ8vn0zrSYA/sgxxA4ASUwSWogCog4AE8gRfwajwaz8ab8T4ZTRnTzC74A+PjGx9Zmos=</latexit><latexit sha1_base64="t3EIWKxyqIvWBaA+c27lnpyUmlg=">AAACE3icbVDLSgMxFM3UV62vUZdugkVopZZJEXQjFN24kgr2Ae1YMplMG5t5NMkIZeg/uPFX3LhQxK0bd/6N6QPU1gOBwzn3cHOPE3EmlWV9GamFxaXllfRqZm19Y3PL3N6pyTAWhFZJyEPRcLCknAW0qpjitBEJin2H07rTuxj59XsqJAuDGzWIqO3jTsA8RrDSUts8hDlWuINnqNByQyULV3nY6vdj7MIc/hFvS0co3zazVtEaA84TNCVZMEWlbX7qOIl9GijCsZRNZEXKTrBQjHA6zLRiSSNMerhDm5oG2KfSTsY3DeGBVlzohUK/QMGx+juRYF/Kge/oSR+rrpz1RuJ/XjNW3qmdsCCKFQ3IZJEXc6hCOCoIukxQovhAE0wE03+FpIsFJkrXmNEloNmT50mtVERWEV0fZ8vn0zrSYA/sgxxA4ASUwSWogCog4AE8gRfwajwaz8ab8T4ZTRnTzC74A+PjGx9Zmos=</latexit>

k

p q

g fabc [gµ⌫(k � p)⇢ + g⌫⇢(p� q)µ + g⇢µ(q � k)⌫ ]
<latexit sha1_base64="ODWYkEv/6WEKHkINF1xc9dK5oa4="></latexit><latexit sha1_base64="ODWYkEv/6WEKHkINF1xc9dK5oa4="></latexit><latexit sha1_base64="ODWYkEv/6WEKHkINF1xc9dK5oa4="></latexit><latexit sha1_base64="ODWYkEv/6WEKHkINF1xc9dK5oa4="></latexit>

<latexit sha1_base64="Sc5N+cXPWKel0kSFtCJq7HUuJE4="></latexit>
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