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The Big Picture




Global Symmetries

• Our understanding of quantum field theory has been 
revolutionized in recent years by the discovery and 
development of generalized notions of global symmetries. 
Examples include:

• Higher-form global symmetries, in which charged 

operators are extended objects

• Non-invertible symmetries, whose fusion algebra 

involves a more general category instead of a group

• Higher-group symmetries, in which two or more higher-

form symmetries are combined into a larger structure



Quantum Gravity

• Meanwhile, recent years have seen renewed interest in 
identifying universal features of quantum gravity. Multiple 
lines of evidence support:

• The absence of global symmetries in quantum gravity

• The completeness hypothesis, which demands the 

existence of states in every representation of the gauge 
group


• The weak gravity conjecture, which demands a particle of 
charge , mass , with  in any U(1) gauge theoryq m q/m ≥ 1



Global Symmetries + Quantum Gravity

• In this talk, I will show that these two areas of research are 
closely related:

• Much of our understanding of quantum gravity can be 

viewed as a consequence of the absence of global 
symmetries


• Generalized global symmetries hold power not only for 
QFT but for quantum gravity as well



(Ordinary) Global 
Symmetries and Quantum 

Gravity




Global Symmetries in QG

• An evaporating black hole emits all particles in a theory, 
without regard to their global charges Hawking ’75


• As a result, black hole evaporation violates global 
symmetries and destroys global charge Zeldovich ’76, ‘77


• Continuous symmetries are always gauged in perturbative 
string theory Banks, Dixon ’88


• Continuous global symmetry charges lead to a violation of 
the Bekenstein-Hawking entropy formula Banks, Seiberg ’10


• Global symmetries are incompatible with entanglement 
wedge reconstruction Harlow, Ooguri ’18, Harlow, Shaghoulian ‘21


• Global symmetries are violated by Euclidean wormholes in 
the quantum gravity path integral Giddings, Strominger ’88, Abbott, Wise 
’89, Coleman, Lee ’90, Kallosh, Linde, Linde, Susskind ’95, Chen, Lin ’21, Hsin, Iliesiu, Yang 
’21, Yonekura ’21



Global Symmetries in QG

• These arguments strongly suggest that any global symmetry 
in a QFT must be gauged or broken upon coupling it to 
quantum gravity:


• Several arguments suggest that this conclusion applies to 
generalized notions of global symmetries as well…

L = jµAµ + · · ·
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Gauged Broken



Higher-Form Global 
Symmetries




Higher-Form Global Symmetries

• A “q-form global symmetry” is a global symmetry 
for which the charged operators are q-dimensional

• q = 0 corresponds to an ordinary global symmetry


• Global symmetry transformations form a group, G.

• G may be discrete or continuous. For q = 0, it may 

be nonabelian or abelian. For q > 0, it must abelian.

• If G is continuous, it has (under reasonable 

assumptions) a conserved d-q-1-form “Noether 
current” J:

dJ (d�q�1) = 0
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Gaiotto, Kapustin, Seiberg, Willett ‘14




Symmetry Generators
• Symmetry transformations are implemented by 

symmetry generators (a.k.a. charge operators):


• Satisfy fusion law:

g 2 G
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M(d�q�1) = Manifold of dimension d� q � 1
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<latexit sha1_base64="rUpAFDWLdeu2BwjU6l7rnnB0wqM=">AAACH3icbVDLTsJAFJ36RHxVXbqZCCa4gLRs0IUJiRtdkGAiQgKVTKdTmDDt1JmpCWn6KW78FTcu1Bh3/I1TYKHgTSY5Offce+ccN2JUKsuaGCura+sbm7mt/PbO7t6+eXB4L3ksMGlhzrjouEgSRkPSUlQx0okEQYHLSNsdXWX99hMRkvLwTo0j4gRoEFKfYqQ01TdrxV6A1BAjljTSh6TklR/L9llahJewgbSQMw9yH3o0IGG2BBanimLfLFgVa1pwGdhzUADzavbN757HcazXKMyQlF3bipSTIKEoZiTN92JJIoRHaEC6GoYoINJJpgZTeKoZD/pc6BcqOGV/TyQokHIcuFqZuZGLvYz8r9eNlX/uJDSMYkVCPDvkxwwqDrO0tG9BsGJjDRAWVP8V4iESCCudaV6HYC9aXgatauWiYt9WC/WbeRo5cAxOQAnYoAbq4Bo0QQtg8AxewTv4MF6MN+PT+JpJV4z5zBH4U8bkBz6loL4=</latexit><latexit sha1_base64="rUpAFDWLdeu2BwjU6l7rnnB0wqM=">AAACH3icbVDLTsJAFJ36RHxVXbqZCCa4gLRs0IUJiRtdkGAiQgKVTKdTmDDt1JmpCWn6KW78FTcu1Bh3/I1TYKHgTSY5Offce+ccN2JUKsuaGCura+sbm7mt/PbO7t6+eXB4L3ksMGlhzrjouEgSRkPSUlQx0okEQYHLSNsdXWX99hMRkvLwTo0j4gRoEFKfYqQ01TdrxV6A1BAjljTSh6TklR/L9llahJewgbSQMw9yH3o0IGG2BBanimLfLFgVa1pwGdhzUADzavbN757HcazXKMyQlF3bipSTIKEoZiTN92JJIoRHaEC6GoYoINJJpgZTeKoZD/pc6BcqOGV/TyQokHIcuFqZuZGLvYz8r9eNlX/uJDSMYkVCPDvkxwwqDrO0tG9BsGJjDRAWVP8V4iESCCudaV6HYC9aXgatauWiYt9WC/WbeRo5cAxOQAnYoAbq4Bo0QQtg8AxewTv4MF6MN+PT+JpJV4z5zBH4U8bkBz6loL4=</latexit><latexit sha1_base64="rUpAFDWLdeu2BwjU6l7rnnB0wqM=">AAACH3icbVDLTsJAFJ36RHxVXbqZCCa4gLRs0IUJiRtdkGAiQgKVTKdTmDDt1JmpCWn6KW78FTcu1Bh3/I1TYKHgTSY5Offce+ccN2JUKsuaGCura+sbm7mt/PbO7t6+eXB4L3ksMGlhzrjouEgSRkPSUlQx0okEQYHLSNsdXWX99hMRkvLwTo0j4gRoEFKfYqQ01TdrxV6A1BAjljTSh6TklR/L9llahJewgbSQMw9yH3o0IGG2BBanimLfLFgVa1pwGdhzUADzavbN757HcazXKMyQlF3bipSTIKEoZiTN92JJIoRHaEC6GoYoINJJpgZTeKoZD/pc6BcqOGV/TyQokHIcuFqZuZGLvYz8r9eNlX/uJDSMYkVCPDvkxwwqDrO0tG9BsGJjDRAWVP8V4iESCCudaV6HYC9aXgatauWiYt9WC/WbeRo5cAxOQAnYoAbq4Bo0QQtg8AxewTv4MF6MN+PT+JpJV4z5zBH4U8bkBz6loL4=</latexit><latexit sha1_base64="rUpAFDWLdeu2BwjU6l7rnnB0wqM=">AAACH3icbVDLTsJAFJ36RHxVXbqZCCa4gLRs0IUJiRtdkGAiQgKVTKdTmDDt1JmpCWn6KW78FTcu1Bh3/I1TYKHgTSY5Offce+ccN2JUKsuaGCura+sbm7mt/PbO7t6+eXB4L3ksMGlhzrjouEgSRkPSUlQx0okEQYHLSNsdXWX99hMRkvLwTo0j4gRoEFKfYqQ01TdrxV6A1BAjljTSh6TklR/L9llahJewgbSQMw9yH3o0IGG2BBanimLfLFgVa1pwGdhzUADzavbN757HcazXKMyQlF3bipSTIKEoZiTN92JJIoRHaEC6GoYoINJJpgZTeKoZD/pc6BcqOGV/TyQokHIcuFqZuZGLvYz8r9eNlX/uJDSMYkVCPDvkxwwqDrO0tG9BsGJjDRAWVP8V4iESCCudaV6HYC9aXgatauWiYt9WC/WbeRo5cAxOQAnYoAbq4Bo0QQtg8AxewTv4MF6MN+PT+JpJV4z5zBH4U8bkBz6loL4=</latexit>

gg0 = g00
<latexit sha1_base64="RAqe4KdZ6d6NQpVNAOzkxzfEBoU=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSL1VHZFUA9CwYveKri22C4lm2a3oUl2SbJCWfovvHhQ8erP8ea/MW33oK0PEh7vzTAzL0w508Z1v52l5ZXVtfXSRnlza3tnt7K3/6CTTBHqk4Qnqh1iTTmT1DfMcNpOFcUi5LQVDq8nfuuJKs0SeW9GKQ0EjiWLGMHGSo8ximvoyn61XqXq1t0p0CLxClKFAs1e5avbT0gmqDSEY607npuaIMfKMMLpuNzNNE0xGeKYdiyVWFAd5NONx+jYKn0UJco+adBU/d2RY6H1SIS2UmAz0PPeRPzP62QmughyJtPMUElmg6KMI5OgyfmozxQlho8swUQxuysiA6wwMTaksg3Bmz95kfin9cu6d3dWbdwWaZTgEI7gBDw4hwbcQBN8ICDhGV7hzdHOi/PufMxKl5yi5wD+wPn8AWppjwA=</latexit><latexit sha1_base64="RAqe4KdZ6d6NQpVNAOzkxzfEBoU=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSL1VHZFUA9CwYveKri22C4lm2a3oUl2SbJCWfovvHhQ8erP8ea/MW33oK0PEh7vzTAzL0w508Z1v52l5ZXVtfXSRnlza3tnt7K3/6CTTBHqk4Qnqh1iTTmT1DfMcNpOFcUi5LQVDq8nfuuJKs0SeW9GKQ0EjiWLGMHGSo8ximvoyn61XqXq1t0p0CLxClKFAs1e5avbT0gmqDSEY607npuaIMfKMMLpuNzNNE0xGeKYdiyVWFAd5NONx+jYKn0UJco+adBU/d2RY6H1SIS2UmAz0PPeRPzP62QmughyJtPMUElmg6KMI5OgyfmozxQlho8swUQxuysiA6wwMTaksg3Bmz95kfin9cu6d3dWbdwWaZTgEI7gBDw4hwbcQBN8ICDhGV7hzdHOi/PufMxKl5yi5wD+wPn8AWppjwA=</latexit><latexit sha1_base64="RAqe4KdZ6d6NQpVNAOzkxzfEBoU=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSL1VHZFUA9CwYveKri22C4lm2a3oUl2SbJCWfovvHhQ8erP8ea/MW33oK0PEh7vzTAzL0w508Z1v52l5ZXVtfXSRnlza3tnt7K3/6CTTBHqk4Qnqh1iTTmT1DfMcNpOFcUi5LQVDq8nfuuJKs0SeW9GKQ0EjiWLGMHGSo8ximvoyn61XqXq1t0p0CLxClKFAs1e5avbT0gmqDSEY607npuaIMfKMMLpuNzNNE0xGeKYdiyVWFAd5NONx+jYKn0UJco+adBU/d2RY6H1SIS2UmAz0PPeRPzP62QmughyJtPMUElmg6KMI5OgyfmozxQlho8swUQxuysiA6wwMTaksg3Bmz95kfin9cu6d3dWbdwWaZTgEI7gBDw4hwbcQBN8ICDhGV7hzdHOi/PufMxKl5yi5wD+wPn8AWppjwA=</latexit><latexit sha1_base64="RAqe4KdZ6d6NQpVNAOzkxzfEBoU=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSL1VHZFUA9CwYveKri22C4lm2a3oUl2SbJCWfovvHhQ8erP8ea/MW33oK0PEh7vzTAzL0w508Z1v52l5ZXVtfXSRnlza3tnt7K3/6CTTBHqk4Qnqh1iTTmT1DfMcNpOFcUi5LQVDq8nfuuJKs0SeW9GKQ0EjiWLGMHGSo8ximvoyn61XqXq1t0p0CLxClKFAs1e5avbT0gmqDSEY607npuaIMfKMMLpuNzNNE0xGeKYdiyVWFAd5NONx+jYKn0UJco+adBU/d2RY6H1SIS2UmAz0PPeRPzP62QmughyJtPMUElmg6KMI5OgyfmozxQlho8swUQxuysiA6wwMTaksg3Bmz95kfin9cu6d3dWbdwWaZTgEI7gBDw4hwbcQBN8ICDhGV7hzdHOi/PufMxKl5yi5wD+wPn8AWppjwA=</latexit>

Ug(M(d�q�1))Ug0(M(d�q�1)) = Ug00(M(d�q�1))
<latexit sha1_base64="LsCPJJqgDXOOA0+K/LxTg+AtT08=">AAACQXicdZDNSgMxFIUz9a/Wv6pLN8EitouWGRHUhVBwowuhgmMrbS2ZTKYNzWTGJCOUYZ7NjU/gzgdw40LFrRszbRfa2guBw/nu5d4cJ2RUKtN8MTJz8wuLS9nl3Mrq2vpGfnPrRgaRwMTGAQtEw0GSMMqJrahipBEKgnyHkbrTP0t5/YEISQN+rQYhafuoy6lHMVLa6uRv7U7cTYotH6keRiy+TO7iolu+L1ulpARTuD+Lng7pTNzJF8yKOSw4LayxKIBx1Tr555Yb4MgnXGGGpGxaZqjaMRKKYkaSXCuSJES4j7qkqSVHPpHteBhBAve040IvEPpxBYfu74kY+VIOfEd3ptfKSZaa/7FmpLzjdkx5GCnC8WiRFzGoApjmCV0qCFZsoAXCgupbIe4hgbDSqed0CNbkl6eFfVA5qVhXh4XqxTiNLNgBu6AILHAEquAc1IANMHgEr+AdfBhPxpvxaXyNWjPGeGYb/Cnj+wdz066E</latexit><latexit sha1_base64="LsCPJJqgDXOOA0+K/LxTg+AtT08=">AAACQXicdZDNSgMxFIUz9a/Wv6pLN8EitouWGRHUhVBwowuhgmMrbS2ZTKYNzWTGJCOUYZ7NjU/gzgdw40LFrRszbRfa2guBw/nu5d4cJ2RUKtN8MTJz8wuLS9nl3Mrq2vpGfnPrRgaRwMTGAQtEw0GSMMqJrahipBEKgnyHkbrTP0t5/YEISQN+rQYhafuoy6lHMVLa6uRv7U7cTYotH6keRiy+TO7iolu+L1ulpARTuD+Lng7pTNzJF8yKOSw4LayxKIBx1Tr555Yb4MgnXGGGpGxaZqjaMRKKYkaSXCuSJES4j7qkqSVHPpHteBhBAve040IvEPpxBYfu74kY+VIOfEd3ptfKSZaa/7FmpLzjdkx5GCnC8WiRFzGoApjmCV0qCFZsoAXCgupbIe4hgbDSqed0CNbkl6eFfVA5qVhXh4XqxTiNLNgBu6AILHAEquAc1IANMHgEr+AdfBhPxpvxaXyNWjPGeGYb/Cnj+wdz066E</latexit><latexit sha1_base64="LsCPJJqgDXOOA0+K/LxTg+AtT08=">AAACQXicdZDNSgMxFIUz9a/Wv6pLN8EitouWGRHUhVBwowuhgmMrbS2ZTKYNzWTGJCOUYZ7NjU/gzgdw40LFrRszbRfa2guBw/nu5d4cJ2RUKtN8MTJz8wuLS9nl3Mrq2vpGfnPrRgaRwMTGAQtEw0GSMMqJrahipBEKgnyHkbrTP0t5/YEISQN+rQYhafuoy6lHMVLa6uRv7U7cTYotH6keRiy+TO7iolu+L1ulpARTuD+Lng7pTNzJF8yKOSw4LayxKIBx1Tr555Yb4MgnXGGGpGxaZqjaMRKKYkaSXCuSJES4j7qkqSVHPpHteBhBAve040IvEPpxBYfu74kY+VIOfEd3ptfKSZaa/7FmpLzjdkx5GCnC8WiRFzGoApjmCV0qCFZsoAXCgupbIe4hgbDSqed0CNbkl6eFfVA5qVhXh4XqxTiNLNgBu6AILHAEquAc1IANMHgEr+AdfBhPxpvxaXyNWjPGeGYb/Cnj+wdz066E</latexit><latexit sha1_base64="LsCPJJqgDXOOA0+K/LxTg+AtT08=">AAACQXicdZDNSgMxFIUz9a/Wv6pLN8EitouWGRHUhVBwowuhgmMrbS2ZTKYNzWTGJCOUYZ7NjU/gzgdw40LFrRszbRfa2guBw/nu5d4cJ2RUKtN8MTJz8wuLS9nl3Mrq2vpGfnPrRgaRwMTGAQtEw0GSMMqJrahipBEKgnyHkbrTP0t5/YEISQN+rQYhafuoy6lHMVLa6uRv7U7cTYotH6keRiy+TO7iolu+L1ulpARTuD+Lng7pTNzJF8yKOSw4LayxKIBx1Tr555Yb4MgnXGGGpGxaZqjaMRKKYkaSXCuSJES4j7qkqSVHPpHteBhBAve040IvEPpxBYfu74kY+VIOfEd3ptfKSZaa/7FmpLzjdkx5GCnC8WiRFzGoApjmCV0qCFZsoAXCgupbIe4hgbDSqed0CNbkl6eFfVA5qVhXh4XqxTiNLNgBu6AILHAEquAc1IANMHgEr+AdfBhPxpvxaXyNWjPGeGYb/Cnj+wdz066E</latexit>



Symmetry Operators

• Operators are topological


• When G = U(1),

Ug(M(d�q�1)) = Ug(M0(d�q�1))
<latexit sha1_base64="uw/lW7Jx2/ghD1z4v0H8JB9TOC4=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VsFy2JCD5AKLjRhVDBWKGNYTKZtEMnD2cmQgn5Fzf+ihsXvlaCH+Ok7aK2HrhwOOde7r3HjRkV0jC+tcLc/MLiUnG5tLK6tr6hb27diijhmFg4YhG/c5EgjIbEklQychdzggKXkZbbP8/91iPhgkbhjRzExA5QN6Q+xUgqydFPLSftZpVOgGQPI5ZeZfdpxas91MxqVj2bMfcnXEcvG3VjCDhLzDEpgzGajv7Z8SKcBCSUmCEh2qYRSztFXFLMSFbqJILECPdRl7QVDVFAhJ0Of8zgnlI86EdcVSjhUJ2cSFEgxCBwVWd+rpj2cvE/r51I/9hOaRgnkoR4tMhPGJQRzAODHuUESzZQBGFO1a0Q9xBHWKpYSyoEc/rlWWId1E/q5vVhuXE5TqMIdsAuqAATHIEGuABNYAEMnsALeAPv2rP2qn1oX6PWgjae2QZ/oP38Aj+Novo=</latexit><latexit sha1_base64="uw/lW7Jx2/ghD1z4v0H8JB9TOC4=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VsFy2JCD5AKLjRhVDBWKGNYTKZtEMnD2cmQgn5Fzf+ihsXvlaCH+Ok7aK2HrhwOOde7r3HjRkV0jC+tcLc/MLiUnG5tLK6tr6hb27diijhmFg4YhG/c5EgjIbEklQychdzggKXkZbbP8/91iPhgkbhjRzExA5QN6Q+xUgqydFPLSftZpVOgGQPI5ZeZfdpxas91MxqVj2bMfcnXEcvG3VjCDhLzDEpgzGajv7Z8SKcBCSUmCEh2qYRSztFXFLMSFbqJILECPdRl7QVDVFAhJ0Of8zgnlI86EdcVSjhUJ2cSFEgxCBwVWd+rpj2cvE/r51I/9hOaRgnkoR4tMhPGJQRzAODHuUESzZQBGFO1a0Q9xBHWKpYSyoEc/rlWWId1E/q5vVhuXE5TqMIdsAuqAATHIEGuABNYAEMnsALeAPv2rP2qn1oX6PWgjae2QZ/oP38Aj+Novo=</latexit><latexit sha1_base64="uw/lW7Jx2/ghD1z4v0H8JB9TOC4=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VsFy2JCD5AKLjRhVDBWKGNYTKZtEMnD2cmQgn5Fzf+ihsXvlaCH+Ok7aK2HrhwOOde7r3HjRkV0jC+tcLc/MLiUnG5tLK6tr6hb27diijhmFg4YhG/c5EgjIbEklQychdzggKXkZbbP8/91iPhgkbhjRzExA5QN6Q+xUgqydFPLSftZpVOgGQPI5ZeZfdpxas91MxqVj2bMfcnXEcvG3VjCDhLzDEpgzGajv7Z8SKcBCSUmCEh2qYRSztFXFLMSFbqJILECPdRl7QVDVFAhJ0Of8zgnlI86EdcVSjhUJ2cSFEgxCBwVWd+rpj2cvE/r51I/9hOaRgnkoR4tMhPGJQRzAODHuUESzZQBGFO1a0Q9xBHWKpYSyoEc/rlWWId1E/q5vVhuXE5TqMIdsAuqAATHIEGuABNYAEMnsALeAPv2rP2qn1oX6PWgjae2QZ/oP38Aj+Novo=</latexit><latexit sha1_base64="uw/lW7Jx2/ghD1z4v0H8JB9TOC4=">AAACInicbVDLSsNAFJ3UV62vqEs3g0VsFy2JCD5AKLjRhVDBWKGNYTKZtEMnD2cmQgn5Fzf+ihsXvlaCH+Ok7aK2HrhwOOde7r3HjRkV0jC+tcLc/MLiUnG5tLK6tr6hb27diijhmFg4YhG/c5EgjIbEklQychdzggKXkZbbP8/91iPhgkbhjRzExA5QN6Q+xUgqydFPLSftZpVOgGQPI5ZeZfdpxas91MxqVj2bMfcnXEcvG3VjCDhLzDEpgzGajv7Z8SKcBCSUmCEh2qYRSztFXFLMSFbqJILECPdRl7QVDVFAhJ0Of8zgnlI86EdcVSjhUJ2cSFEgxCBwVWd+rpj2cvE/r51I/9hOaRgnkoR4tMhPGJQRzAODHuUESzZQBGFO1a0Q9xBHWKpYSyoEc/rlWWId1E/q5vVhuXE5TqMIdsAuqAATHIEGuABNYAEMnsALeAPv2rP2qn1oX6PWgjae2QZ/oP38Aj+Novo=</latexit>

Ug=ei↵(M(d�q�1)) = ei↵
R
M(d�q�1) J

<latexit sha1_base64="HJglSA89RBR++mJl9MFytwaUBtE="></latexit><latexit sha1_base64="HJglSA89RBR++mJl9MFytwaUBtE="></latexit><latexit sha1_base64="HJglSA89RBR++mJl9MFytwaUBtE="></latexit><latexit sha1_base64="HJglSA89RBR++mJl9MFytwaUBtE="></latexit>

M(d�q�1)
<latexit sha1_base64="+RKP3TGUfjrxeHn7wzO4EJD3acY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IR6qElEUG9FbzoQahgbKGNZbPZtEs3m7i7EUoI+CpePKh49T28+TZu2hy0dWBhmPk+vtnxYkalsqxvo7SwuLS8Ul6trK1vbG6Z2zt3MkoEJg6OWCQ6HpKEUU4cRRUjnVgQFHqMtL3RRe63H4mQNOK3ahwTN0QDTgOKkdJS39zrhUgNMWLpdXaf1vz6Q90+yvpm1WpYE8B5YhekCgq0+uZXz49wEhKuMENSdm0rVm6KhKKYkazSSySJER6hAelqylFIpJtO4mfwUCs+DCKhH1dwov7eSFEo5Tj09GQeVs56ufif101UcOamlMeJIhxPDwUJgyqCeRfQp4JgxcaaICyozgrxEAmElW6sokuwZ788T5zjxnnDvjmpNq+KNspgHxyAGrDBKWiCS9ACDsAgBc/gFbwZT8aL8W58TEdLRrGzC/7A+PwBqFiU2g==</latexit><latexit sha1_base64="+RKP3TGUfjrxeHn7wzO4EJD3acY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IR6qElEUG9FbzoQahgbKGNZbPZtEs3m7i7EUoI+CpePKh49T28+TZu2hy0dWBhmPk+vtnxYkalsqxvo7SwuLS8Ul6trK1vbG6Z2zt3MkoEJg6OWCQ6HpKEUU4cRRUjnVgQFHqMtL3RRe63H4mQNOK3ahwTN0QDTgOKkdJS39zrhUgNMWLpdXaf1vz6Q90+yvpm1WpYE8B5YhekCgq0+uZXz49wEhKuMENSdm0rVm6KhKKYkazSSySJER6hAelqylFIpJtO4mfwUCs+DCKhH1dwov7eSFEo5Tj09GQeVs56ufif101UcOamlMeJIhxPDwUJgyqCeRfQp4JgxcaaICyozgrxEAmElW6sokuwZ788T5zjxnnDvjmpNq+KNspgHxyAGrDBKWiCS9ACDsAgBc/gFbwZT8aL8W58TEdLRrGzC/7A+PwBqFiU2g==</latexit><latexit sha1_base64="+RKP3TGUfjrxeHn7wzO4EJD3acY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IR6qElEUG9FbzoQahgbKGNZbPZtEs3m7i7EUoI+CpePKh49T28+TZu2hy0dWBhmPk+vtnxYkalsqxvo7SwuLS8Ul6trK1vbG6Z2zt3MkoEJg6OWCQ6HpKEUU4cRRUjnVgQFHqMtL3RRe63H4mQNOK3ahwTN0QDTgOKkdJS39zrhUgNMWLpdXaf1vz6Q90+yvpm1WpYE8B5YhekCgq0+uZXz49wEhKuMENSdm0rVm6KhKKYkazSSySJER6hAelqylFIpJtO4mfwUCs+DCKhH1dwov7eSFEo5Tj09GQeVs56ufif101UcOamlMeJIhxPDwUJgyqCeRfQp4JgxcaaICyozgrxEAmElW6sokuwZ788T5zjxnnDvjmpNq+KNspgHxyAGrDBKWiCS9ACDsAgBc/gFbwZT8aL8W58TEdLRrGzC/7A+PwBqFiU2g==</latexit><latexit sha1_base64="+RKP3TGUfjrxeHn7wzO4EJD3acY=">AAAB/XicbVDNSsNAGNzUv1r/ouLJy2IR6qElEUG9FbzoQahgbKGNZbPZtEs3m7i7EUoI+CpePKh49T28+TZu2hy0dWBhmPk+vtnxYkalsqxvo7SwuLS8Ul6trK1vbG6Z2zt3MkoEJg6OWCQ6HpKEUU4cRRUjnVgQFHqMtL3RRe63H4mQNOK3ahwTN0QDTgOKkdJS39zrhUgNMWLpdXaf1vz6Q90+yvpm1WpYE8B5YhekCgq0+uZXz49wEhKuMENSdm0rVm6KhKKYkazSSySJER6hAelqylFIpJtO4mfwUCs+DCKhH1dwov7eSFEo5Tj09GQeVs56ufif101UcOamlMeJIhxPDwUJgyqCeRfQp4JgxcaaICyozgrxEAmElW6sokuwZ788T5zjxnnDvjmpNq+KNspgHxyAGrDBKWiCS9ACDsAgBc/gFbwZT8aL8W58TEdLRrGzC/7A+PwBqFiU2g==</latexit>

M0(d�q�1)
<latexit sha1_base64="J/JjR4IAFHF6utGdVJCbtUFo2Zs=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL4tFrIeWRAT1VvCiB6GCsYU2ls1m2y7dbOLuRigxB1/FiwcVrz6HN9/GTZuDtg4sDDPfxzc7XsSoVJb1bRTm5hcWl4rLpZXVtfUNc3PrVoaxwMTBIQtFy0OSMMqJo6hipBUJggKPkaY3PM/85gMRkob8Ro0i4gaoz2mPYqS01DV3OgFSA4xYcpUe3CUVv3pftQ/Trlm2atYYcJbYOSmDHI2u+dXxQxwHhCvMkJRt24qUmyChKGYkLXViSSKEh6hP2ppyFBDpJuP8KdzXig97odCPKzhWf28kKJByFHh6Mksrp71M/M9rx6p36iaUR7EiHE8O9WIGVQizMqBPBcGKjTRBWFCdFeIBEggrXVlJl2BPf3mWOEe1s5p9fVyuX+ZtFMEu2AMVYIMTUAcXoAEcgMEjeAav4M14Ml6Md+NjMlow8p1t8AfG5w8Oh5UL</latexit><latexit sha1_base64="J/JjR4IAFHF6utGdVJCbtUFo2Zs=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL4tFrIeWRAT1VvCiB6GCsYU2ls1m2y7dbOLuRigxB1/FiwcVrz6HN9/GTZuDtg4sDDPfxzc7XsSoVJb1bRTm5hcWl4rLpZXVtfUNc3PrVoaxwMTBIQtFy0OSMMqJo6hipBUJggKPkaY3PM/85gMRkob8Ro0i4gaoz2mPYqS01DV3OgFSA4xYcpUe3CUVv3pftQ/Trlm2atYYcJbYOSmDHI2u+dXxQxwHhCvMkJRt24qUmyChKGYkLXViSSKEh6hP2ppyFBDpJuP8KdzXig97odCPKzhWf28kKJByFHh6Mksrp71M/M9rx6p36iaUR7EiHE8O9WIGVQizMqBPBcGKjTRBWFCdFeIBEggrXVlJl2BPf3mWOEe1s5p9fVyuX+ZtFMEu2AMVYIMTUAcXoAEcgMEjeAav4M14Ml6Md+NjMlow8p1t8AfG5w8Oh5UL</latexit><latexit sha1_base64="J/JjR4IAFHF6utGdVJCbtUFo2Zs=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL4tFrIeWRAT1VvCiB6GCsYU2ls1m2y7dbOLuRigxB1/FiwcVrz6HN9/GTZuDtg4sDDPfxzc7XsSoVJb1bRTm5hcWl4rLpZXVtfUNc3PrVoaxwMTBIQtFy0OSMMqJo6hipBUJggKPkaY3PM/85gMRkob8Ro0i4gaoz2mPYqS01DV3OgFSA4xYcpUe3CUVv3pftQ/Trlm2atYYcJbYOSmDHI2u+dXxQxwHhCvMkJRt24qUmyChKGYkLXViSSKEh6hP2ppyFBDpJuP8KdzXig97odCPKzhWf28kKJByFHh6Mksrp71M/M9rx6p36iaUR7EiHE8O9WIGVQizMqBPBcGKjTRBWFCdFeIBEggrXVlJl2BPf3mWOEe1s5p9fVyuX+ZtFMEu2AMVYIMTUAcXoAEcgMEjeAav4M14Ml6Md+NjMlow8p1t8AfG5w8Oh5UL</latexit><latexit sha1_base64="J/JjR4IAFHF6utGdVJCbtUFo2Zs=">AAAB/nicbVDNSsNAGNzUv1r/ooIXL4tFrIeWRAT1VvCiB6GCsYU2ls1m2y7dbOLuRigxB1/FiwcVrz6HN9/GTZuDtg4sDDPfxzc7XsSoVJb1bRTm5hcWl4rLpZXVtfUNc3PrVoaxwMTBIQtFy0OSMMqJo6hipBUJggKPkaY3PM/85gMRkob8Ro0i4gaoz2mPYqS01DV3OgFSA4xYcpUe3CUVv3pftQ/Trlm2atYYcJbYOSmDHI2u+dXxQxwHhCvMkJRt24qUmyChKGYkLXViSSKEh6hP2ppyFBDpJuP8KdzXig97odCPKzhWf28kKJByFHh6Mksrp71M/M9rx6p36iaUR7EiHE8O9WIGVQizMqBPBcGKjTRBWFCdFeIBEggrXVlJl2BPf3mWOEe1s5p9fVyuX+ZtFMEu2AMVYIMTUAcXoAEcgMEjeAav4M14Ml6Md+NjMlow8p1t8AfG5w8Oh5UL</latexit>



Ward Identities
• Symmetry generators act on charged operators, 

giving Ward identities:

Cq = Manifold of dimension q
<latexit sha1_base64="IilxI5DHxlLXqYiA4FfRElTq7Yk=">AAACFXicbVDNSgMxGMzWv1r/Vj16CbaCF8tuL+pBKNSDF6GCawttLdk024Zmk22SFcqyT+HFV/HiQcWr4M23Mdv2oK0fBIb5ZpLM+BGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29OyViiYmHBROy6SNFGOXE01Qz0owkQaHPSMMf1rJ944FIRQW/1eOIdELU5zSgGGlDde2TUjtEeoARS2rpfTJKS/ACXiMjEawHRQB7NCQ8s8PSqNS1i07ZmQxcBO4MFMFs6l37q90TODZXaMyQUi3XiXQnQVJTzEhaaMeKRAgPUZ+0DOQoJKqTTGKl8MgwPRgIaQ7XcML+diQoVGoc+kaZZVDzu4z8b9eKdXDWSSiPYk04nj4UxAxqAbOOTGZJsGZjAxCW1PwV4gGSCGvTZMGU4M5HXgRepXxedm8qxerlrI08OACH4Bi44BRUwRWoAw9g8AiewSt4s56sF+vd+phKc9bMsw/+jPX5A9dSnhw=</latexit><latexit sha1_base64="IilxI5DHxlLXqYiA4FfRElTq7Yk=">AAACFXicbVDNSgMxGMzWv1r/Vj16CbaCF8tuL+pBKNSDF6GCawttLdk024Zmk22SFcqyT+HFV/HiQcWr4M23Mdv2oK0fBIb5ZpLM+BGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29OyViiYmHBROy6SNFGOXE01Qz0owkQaHPSMMf1rJ944FIRQW/1eOIdELU5zSgGGlDde2TUjtEeoARS2rpfTJKS/ACXiMjEawHRQB7NCQ8s8PSqNS1i07ZmQxcBO4MFMFs6l37q90TODZXaMyQUi3XiXQnQVJTzEhaaMeKRAgPUZ+0DOQoJKqTTGKl8MgwPRgIaQ7XcML+diQoVGoc+kaZZVDzu4z8b9eKdXDWSSiPYk04nj4UxAxqAbOOTGZJsGZjAxCW1PwV4gGSCGvTZMGU4M5HXgRepXxedm8qxerlrI08OACH4Bi44BRUwRWoAw9g8AiewSt4s56sF+vd+phKc9bMsw/+jPX5A9dSnhw=</latexit><latexit sha1_base64="IilxI5DHxlLXqYiA4FfRElTq7Yk=">AAACFXicbVDNSgMxGMzWv1r/Vj16CbaCF8tuL+pBKNSDF6GCawttLdk024Zmk22SFcqyT+HFV/HiQcWr4M23Mdv2oK0fBIb5ZpLM+BGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29OyViiYmHBROy6SNFGOXE01Qz0owkQaHPSMMf1rJ944FIRQW/1eOIdELU5zSgGGlDde2TUjtEeoARS2rpfTJKS/ACXiMjEawHRQB7NCQ8s8PSqNS1i07ZmQxcBO4MFMFs6l37q90TODZXaMyQUi3XiXQnQVJTzEhaaMeKRAgPUZ+0DOQoJKqTTGKl8MgwPRgIaQ7XcML+diQoVGoc+kaZZVDzu4z8b9eKdXDWSSiPYk04nj4UxAxqAbOOTGZJsGZjAxCW1PwV4gGSCGvTZMGU4M5HXgRepXxedm8qxerlrI08OACH4Bi44BRUwRWoAw9g8AiewSt4s56sF+vd+phKc9bMsw/+jPX5A9dSnhw=</latexit><latexit sha1_base64="IilxI5DHxlLXqYiA4FfRElTq7Yk=">AAACFXicbVDNSgMxGMzWv1r/Vj16CbaCF8tuL+pBKNSDF6GCawttLdk024Zmk22SFcqyT+HFV/HiQcWr4M23Mdv2oK0fBIb5ZpLM+BGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29OyViiYmHBROy6SNFGOXE01Qz0owkQaHPSMMf1rJ944FIRQW/1eOIdELU5zSgGGlDde2TUjtEeoARS2rpfTJKS/ACXiMjEawHRQB7NCQ8s8PSqNS1i07ZmQxcBO4MFMFs6l37q90TODZXaMyQUi3XiXQnQVJTzEhaaMeKRAgPUZ+0DOQoJKqTTGKl8MgwPRgIaQ7XcML+diQoVGoc+kaZZVDzu4z8b9eKdXDWSSiPYk04nj4UxAxqAbOOTGZJsGZjAxCW1PwV4gGSCGvTZMGU4M5HXgRepXxedm8qxerlrI08OACH4Bi44BRUwRWoAw9g8AiewSt4s56sF+vd+phKc9bMsw/+jPX5A9dSnhw=</latexit>

V = charged operator
<latexit sha1_base64="6TbkxwkxaV9pDLhKx6HCSp2Kt+k=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4ut4KkkvagHoaAHjxVMW2hL2Wwn7dJNNuxuhBJ78K948aDi1d/hzX/jNs1BWx8MPN6bYWaeH3OmtON8W4WV1bX1jeJmaWt7Z3fP3j9oKpFICh4VXMi2TxRwFoGnmebQjiWQ0OfQ8sfXM7/1AFIxEd3rSQy9kAwjFjBKtJH69lGlWcFXmI6IHMIAixgk0UL27bJTdTLgZeLmpIxyNPr2V3cgaBJCpCknSnVcJ9a9lEjNKIdpqZsoiAkdkyF0DI1ICKqXZvdP8alRBjgQ0lSkcab+nkhJqNQk9E1nSPRILXoz8T+vk+jgopeyKE40RHS+KEg41gLPwsADJoFqPjGEUMnMrVkShGoTWcmE4C6+vEy8WvWy6t7VyvWbPI0iOkYn6Ay56BzV0S1qIA9R9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A6nClNA=</latexit><latexit sha1_base64="6TbkxwkxaV9pDLhKx6HCSp2Kt+k=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4ut4KkkvagHoaAHjxVMW2hL2Wwn7dJNNuxuhBJ78K948aDi1d/hzX/jNs1BWx8MPN6bYWaeH3OmtON8W4WV1bX1jeJmaWt7Z3fP3j9oKpFICh4VXMi2TxRwFoGnmebQjiWQ0OfQ8sfXM7/1AFIxEd3rSQy9kAwjFjBKtJH69lGlWcFXmI6IHMIAixgk0UL27bJTdTLgZeLmpIxyNPr2V3cgaBJCpCknSnVcJ9a9lEjNKIdpqZsoiAkdkyF0DI1ICKqXZvdP8alRBjgQ0lSkcab+nkhJqNQk9E1nSPRILXoz8T+vk+jgopeyKE40RHS+KEg41gLPwsADJoFqPjGEUMnMrVkShGoTWcmE4C6+vEy8WvWy6t7VyvWbPI0iOkYn6Ay56BzV0S1qIA9R9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A6nClNA=</latexit><latexit sha1_base64="6TbkxwkxaV9pDLhKx6HCSp2Kt+k=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4ut4KkkvagHoaAHjxVMW2hL2Wwn7dJNNuxuhBJ78K948aDi1d/hzX/jNs1BWx8MPN6bYWaeH3OmtON8W4WV1bX1jeJmaWt7Z3fP3j9oKpFICh4VXMi2TxRwFoGnmebQjiWQ0OfQ8sfXM7/1AFIxEd3rSQy9kAwjFjBKtJH69lGlWcFXmI6IHMIAixgk0UL27bJTdTLgZeLmpIxyNPr2V3cgaBJCpCknSnVcJ9a9lEjNKIdpqZsoiAkdkyF0DI1ICKqXZvdP8alRBjgQ0lSkcab+nkhJqNQk9E1nSPRILXoz8T+vk+jgopeyKE40RHS+KEg41gLPwsADJoFqPjGEUMnMrVkShGoTWcmE4C6+vEy8WvWy6t7VyvWbPI0iOkYn6Ay56BzV0S1qIA9R9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A6nClNA=</latexit><latexit sha1_base64="6TbkxwkxaV9pDLhKx6HCSp2Kt+k=">AAAB/nicbVBNS8NAEN3Ur1q/ooIXL4ut4KkkvagHoaAHjxVMW2hL2Wwn7dJNNuxuhBJ78K948aDi1d/hzX/jNs1BWx8MPN6bYWaeH3OmtON8W4WV1bX1jeJmaWt7Z3fP3j9oKpFICh4VXMi2TxRwFoGnmebQjiWQ0OfQ8sfXM7/1AFIxEd3rSQy9kAwjFjBKtJH69lGlWcFXmI6IHMIAixgk0UL27bJTdTLgZeLmpIxyNPr2V3cgaBJCpCknSnVcJ9a9lEjNKIdpqZsoiAkdkyF0DI1ICKqXZvdP8alRBjgQ0lSkcab+nkhJqNQk9E1nSPRILXoz8T+vk+jgopeyKE40RHS+KEg41gLPwsADJoFqPjGEUMnMrVkShGoTWcmE4C6+vEy8WvWy6t7VyvWbPI0iOkYn6Ay56BzV0S1qIA9R9Iie0St6s56sF+vd+pi3Fqx85hD9gfX5A6nClNA=</latexit>

Cq = Manifold of dimension q
<latexit sha1_base64="IilxI5DHxlLXqYiA4FfRElTq7Yk=">AAACFXicbVDNSgMxGMzWv1r/Vj16CbaCF8tuL+pBKNSDF6GCawttLdk024Zmk22SFcqyT+HFV/HiQcWr4M23Mdv2oK0fBIb5ZpLM+BGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29OyViiYmHBROy6SNFGOXE01Qz0owkQaHPSMMf1rJ944FIRQW/1eOIdELU5zSgGGlDde2TUjtEeoARS2rpfTJKS/ACXiMjEawHRQB7NCQ8s8PSqNS1i07ZmQxcBO4MFMFs6l37q90TODZXaMyQUi3XiXQnQVJTzEhaaMeKRAgPUZ+0DOQoJKqTTGKl8MgwPRgIaQ7XcML+diQoVGoc+kaZZVDzu4z8b9eKdXDWSSiPYk04nj4UxAxqAbOOTGZJsGZjAxCW1PwV4gGSCGvTZMGU4M5HXgRepXxedm8qxerlrI08OACH4Bi44BRUwRWoAw9g8AiewSt4s56sF+vd+phKc9bMsw/+jPX5A9dSnhw=</latexit><latexit sha1_base64="IilxI5DHxlLXqYiA4FfRElTq7Yk=">AAACFXicbVDNSgMxGMzWv1r/Vj16CbaCF8tuL+pBKNSDF6GCawttLdk024Zmk22SFcqyT+HFV/HiQcWr4M23Mdv2oK0fBIb5ZpLM+BGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29OyViiYmHBROy6SNFGOXE01Qz0owkQaHPSMMf1rJ944FIRQW/1eOIdELU5zSgGGlDde2TUjtEeoARS2rpfTJKS/ACXiMjEawHRQB7NCQ8s8PSqNS1i07ZmQxcBO4MFMFs6l37q90TODZXaMyQUi3XiXQnQVJTzEhaaMeKRAgPUZ+0DOQoJKqTTGKl8MgwPRgIaQ7XcML+diQoVGoc+kaZZVDzu4z8b9eKdXDWSSiPYk04nj4UxAxqAbOOTGZJsGZjAxCW1PwV4gGSCGvTZMGU4M5HXgRepXxedm8qxerlrI08OACH4Bi44BRUwRWoAw9g8AiewSt4s56sF+vd+phKc9bMsw/+jPX5A9dSnhw=</latexit><latexit sha1_base64="IilxI5DHxlLXqYiA4FfRElTq7Yk=">AAACFXicbVDNSgMxGMzWv1r/Vj16CbaCF8tuL+pBKNSDF6GCawttLdk024Zmk22SFcqyT+HFV/HiQcWr4M23Mdv2oK0fBIb5ZpLM+BGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29OyViiYmHBROy6SNFGOXE01Qz0owkQaHPSMMf1rJ944FIRQW/1eOIdELU5zSgGGlDde2TUjtEeoARS2rpfTJKS/ACXiMjEawHRQB7NCQ8s8PSqNS1i07ZmQxcBO4MFMFs6l37q90TODZXaMyQUi3XiXQnQVJTzEhaaMeKRAgPUZ+0DOQoJKqTTGKl8MgwPRgIaQ7XcML+diQoVGoc+kaZZVDzu4z8b9eKdXDWSSiPYk04nj4UxAxqAbOOTGZJsGZjAxCW1PwV4gGSCGvTZMGU4M5HXgRepXxedm8qxerlrI08OACH4Bi44BRUwRWoAw9g8AiewSt4s56sF+vd+phKc9bMsw/+jPX5A9dSnhw=</latexit><latexit sha1_base64="IilxI5DHxlLXqYiA4FfRElTq7Yk=">AAACFXicbVDNSgMxGMzWv1r/Vj16CbaCF8tuL+pBKNSDF6GCawttLdk024Zmk22SFcqyT+HFV/HiQcWr4M23Mdv2oK0fBIb5ZpLM+BGjSjvOt5VbWl5ZXcuvFzY2t7Z37N29OyViiYmHBROy6SNFGOXE01Qz0owkQaHPSMMf1rJ944FIRQW/1eOIdELU5zSgGGlDde2TUjtEeoARS2rpfTJKS/ACXiMjEawHRQB7NCQ8s8PSqNS1i07ZmQxcBO4MFMFs6l37q90TODZXaMyQUi3XiXQnQVJTzEhaaMeKRAgPUZ+0DOQoJKqTTGKl8MgwPRgIaQ7XcML+diQoVGoc+kaZZVDzu4z8b9eKdXDWSSiPYk04nj4UxAxqAbOOTGZJsGZjAxCW1PwV4gGSCGvTZMGU4M5HXgRepXxedm8qxerlrI08OACH4Bi44BRUwRWoAw9g8AiewSt4s56sF+vd+phKc9bMsw/+jPX5A9dSnhw=</latexit>

!g = representation of g
<latexit sha1_base64="1pq5la3lgm/IaaONw2JtW/4Oo6s=">AAACCnicbVC7TsMwFHXKq5RXgZHFaoPEVCVdgAGpEgyMRSIUqa0ix71JrdpxZDtIVdWdhV9hYQDEyhew8Te4jwFajmTp6Jx7bN8TZZxp43nfTmFldW19o7hZ2tre2d0r7x/caZkrCgGVXKr7iGjgLIXAMMPhPlNARMShFQ0uJ37rAZRmMr01wwy6giQpixklxkphueJ2pICEhImLL7ACG9aQmqmLZYzdxA3LVa/mTYGXiT8nVTRHMyx/dXqS5sLeQznRuu17memOiDKMchiXOrmGjNABSaBtaUoE6O5oussYH1ulh2Op7EkNnqq/EyMitB6KyE4KYvp60ZuI/3nt3MRn3RFLs9xASmcPxTnHRuJJMbjHFFDDh5YQqpj9K6Z9ogg1tr6SLcFfXHmZBPXaec2/qVcbV/M2iugIVdAJ8tEpaqBr1EQBougRPaNX9OY8OS/Ou/MxGy0488wh+gPn8wdARZl6</latexit><latexit sha1_base64="1pq5la3lgm/IaaONw2JtW/4Oo6s=">AAACCnicbVC7TsMwFHXKq5RXgZHFaoPEVCVdgAGpEgyMRSIUqa0ix71JrdpxZDtIVdWdhV9hYQDEyhew8Te4jwFajmTp6Jx7bN8TZZxp43nfTmFldW19o7hZ2tre2d0r7x/caZkrCgGVXKr7iGjgLIXAMMPhPlNARMShFQ0uJ37rAZRmMr01wwy6giQpixklxkphueJ2pICEhImLL7ACG9aQmqmLZYzdxA3LVa/mTYGXiT8nVTRHMyx/dXqS5sLeQznRuu17memOiDKMchiXOrmGjNABSaBtaUoE6O5oussYH1ulh2Op7EkNnqq/EyMitB6KyE4KYvp60ZuI/3nt3MRn3RFLs9xASmcPxTnHRuJJMbjHFFDDh5YQqpj9K6Z9ogg1tr6SLcFfXHmZBPXaec2/qVcbV/M2iugIVdAJ8tEpaqBr1EQBougRPaNX9OY8OS/Ou/MxGy0488wh+gPn8wdARZl6</latexit><latexit sha1_base64="1pq5la3lgm/IaaONw2JtW/4Oo6s=">AAACCnicbVC7TsMwFHXKq5RXgZHFaoPEVCVdgAGpEgyMRSIUqa0ix71JrdpxZDtIVdWdhV9hYQDEyhew8Te4jwFajmTp6Jx7bN8TZZxp43nfTmFldW19o7hZ2tre2d0r7x/caZkrCgGVXKr7iGjgLIXAMMPhPlNARMShFQ0uJ37rAZRmMr01wwy6giQpixklxkphueJ2pICEhImLL7ACG9aQmqmLZYzdxA3LVa/mTYGXiT8nVTRHMyx/dXqS5sLeQznRuu17memOiDKMchiXOrmGjNABSaBtaUoE6O5oussYH1ulh2Op7EkNnqq/EyMitB6KyE4KYvp60ZuI/3nt3MRn3RFLs9xASmcPxTnHRuJJMbjHFFDDh5YQqpj9K6Z9ogg1tr6SLcFfXHmZBPXaec2/qVcbV/M2iugIVdAJ8tEpaqBr1EQBougRPaNX9OY8OS/Ou/MxGy0488wh+gPn8wdARZl6</latexit><latexit sha1_base64="1pq5la3lgm/IaaONw2JtW/4Oo6s=">AAACCnicbVC7TsMwFHXKq5RXgZHFaoPEVCVdgAGpEgyMRSIUqa0ix71JrdpxZDtIVdWdhV9hYQDEyhew8Te4jwFajmTp6Jx7bN8TZZxp43nfTmFldW19o7hZ2tre2d0r7x/caZkrCgGVXKr7iGjgLIXAMMPhPlNARMShFQ0uJ37rAZRmMr01wwy6giQpixklxkphueJ2pICEhImLL7ACG9aQmqmLZYzdxA3LVa/mTYGXiT8nVTRHMyx/dXqS5sLeQznRuu17memOiDKMchiXOrmGjNABSaBtaUoE6O5oussYH1ulh2Op7EkNnqq/EyMitB6KyE4KYvp60ZuI/3nt3MRn3RFLs9xASmcPxTnHRuJJMbjHFFDDh5YQqpj9K6Z9ogg1tr6SLcFfXHmZBPXaec2/qVcbV/M2iugIVdAJ8tEpaqBr1EQBougRPaNX9OY8OS/Ou/MxGy0488wh+gPn8wdARZl6</latexit>

linked by Sd�q�1
<latexit sha1_base64="V3tRidePR4x5kecKwwzH/7oJIZs=">AAAB/XicbVDLTsJAFL3FF+Kraly5mQgmbiAtG3VHoguXGK2QQCXT6RQmTB/OTE1IQ+KvuHGhxq3/4c6/cYAuFDzJJCfn3JN753gJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvTsZp4JQh8Q8Fm0PS8pZRB3FFKftRFAcepy2vOHFxG89UiFZHN2qUULdEPcjFjCClZZ65oEODqmPvBGq3NxnfvWhao8rPbNs1awp0CKxc1KGHM2e+dX1Y5KGNFKEYyk7tpUoN8NCMcLpuNRNJU0wGeI+7Wga4ZBKN5ueP0bHWvFREAv9IoWm6u9EhkMpR6GnJ0OsBnLem4j/eZ1UBWduxqIkVTQis0VBypGK0aQL5DNBieIjTTARTN+KyAALTJRurKRLsOe/vEiceu28Zl/Xy43LvI0iHMIRnIANp9CAK2iCAwQyeIZXeDOejBfj3fiYjRaMPLMPf2B8/gCurJQ0</latexit><latexit sha1_base64="V3tRidePR4x5kecKwwzH/7oJIZs=">AAAB/XicbVDLTsJAFL3FF+Kraly5mQgmbiAtG3VHoguXGK2QQCXT6RQmTB/OTE1IQ+KvuHGhxq3/4c6/cYAuFDzJJCfn3JN753gJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvTsZp4JQh8Q8Fm0PS8pZRB3FFKftRFAcepy2vOHFxG89UiFZHN2qUULdEPcjFjCClZZ65oEODqmPvBGq3NxnfvWhao8rPbNs1awp0CKxc1KGHM2e+dX1Y5KGNFKEYyk7tpUoN8NCMcLpuNRNJU0wGeI+7Wga4ZBKN5ueP0bHWvFREAv9IoWm6u9EhkMpR6GnJ0OsBnLem4j/eZ1UBWduxqIkVTQis0VBypGK0aQL5DNBieIjTTARTN+KyAALTJRurKRLsOe/vEiceu28Zl/Xy43LvI0iHMIRnIANp9CAK2iCAwQyeIZXeDOejBfj3fiYjRaMPLMPf2B8/gCurJQ0</latexit><latexit sha1_base64="V3tRidePR4x5kecKwwzH/7oJIZs=">AAAB/XicbVDLTsJAFL3FF+Kraly5mQgmbiAtG3VHoguXGK2QQCXT6RQmTB/OTE1IQ+KvuHGhxq3/4c6/cYAuFDzJJCfn3JN753gJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvTsZp4JQh8Q8Fm0PS8pZRB3FFKftRFAcepy2vOHFxG89UiFZHN2qUULdEPcjFjCClZZ65oEODqmPvBGq3NxnfvWhao8rPbNs1awp0CKxc1KGHM2e+dX1Y5KGNFKEYyk7tpUoN8NCMcLpuNRNJU0wGeI+7Wga4ZBKN5ueP0bHWvFREAv9IoWm6u9EhkMpR6GnJ0OsBnLem4j/eZ1UBWduxqIkVTQis0VBypGK0aQL5DNBieIjTTARTN+KyAALTJRurKRLsOe/vEiceu28Zl/Xy43LvI0iHMIRnIANp9CAK2iCAwQyeIZXeDOejBfj3fiYjRaMPLMPf2B8/gCurJQ0</latexit><latexit sha1_base64="V3tRidePR4x5kecKwwzH/7oJIZs=">AAAB/XicbVDLTsJAFL3FF+Kraly5mQgmbiAtG3VHoguXGK2QQCXT6RQmTB/OTE1IQ+KvuHGhxq3/4c6/cYAuFDzJJCfn3JN753gJZ1JZ1rdRWFpeWV0rrpc2Nre2d8zdvTsZp4JQh8Q8Fm0PS8pZRB3FFKftRFAcepy2vOHFxG89UiFZHN2qUULdEPcjFjCClZZ65oEODqmPvBGq3NxnfvWhao8rPbNs1awp0CKxc1KGHM2e+dX1Y5KGNFKEYyk7tpUoN8NCMcLpuNRNJU0wGeI+7Wga4ZBKN5ueP0bHWvFREAv9IoWm6u9EhkMpR6GnJ0OsBnLem4j/eZ1UBWduxqIkVTQis0VBypGK0aQL5DNBieIjTTARTN+KyAALTJRurKRLsOe/vEiceu28Zl/Xy43LvI0iHMIRnIANp9CAK2iCAwQyeIZXeDOejBfj3fiYjRaMPLMPf2B8/gCurJQ0</latexit>

C(q)
<latexit sha1_base64="+C4rFtc6mBD8D3N6UddV1gNmiso=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSLUTUlEUHeFIrisYGyhjWUynbRDJw9nJkqJ+RQ3LlTc+ifu/BsnbRbaemDgcM693DPHizmTyrK+jaXlldW19dJGeXNre2fXrOzdyigRhDok4pHoeFhSzkLqKKY47cSC4sDjtO2Nm7nffqBCsii8UZOYugEehsxnBCst9c1KL8BqRDBPm9ldWrs/zvpm1apbU6BFYhekCgVaffOrN4hIEtBQEY6l7NpWrNwUC8UIp1m5l0gaYzLGQ9rVNMQBlW46jZ6hI60MkB8J/UKFpurvjRQHUk4CT0/mQeW8l4v/ed1E+eduysI4UTQks0N+wpGKUN4DGjBBieITTTARTGdFZIQFJkq3VdYl2PNfXiTOSf2ibl+fVhuXRRslOIBDqIENZ9CAK2iBAwQe4Rle4c14Ml6Md+NjNrpkFDv78AfG5w9+zZO1</latexit><latexit sha1_base64="+C4rFtc6mBD8D3N6UddV1gNmiso=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSLUTUlEUHeFIrisYGyhjWUynbRDJw9nJkqJ+RQ3LlTc+ifu/BsnbRbaemDgcM693DPHizmTyrK+jaXlldW19dJGeXNre2fXrOzdyigRhDok4pHoeFhSzkLqKKY47cSC4sDjtO2Nm7nffqBCsii8UZOYugEehsxnBCst9c1KL8BqRDBPm9ldWrs/zvpm1apbU6BFYhekCgVaffOrN4hIEtBQEY6l7NpWrNwUC8UIp1m5l0gaYzLGQ9rVNMQBlW46jZ6hI60MkB8J/UKFpurvjRQHUk4CT0/mQeW8l4v/ed1E+eduysI4UTQks0N+wpGKUN4DGjBBieITTTARTGdFZIQFJkq3VdYl2PNfXiTOSf2ibl+fVhuXRRslOIBDqIENZ9CAK2iBAwQe4Rle4c14Ml6Md+NjNrpkFDv78AfG5w9+zZO1</latexit><latexit sha1_base64="+C4rFtc6mBD8D3N6UddV1gNmiso=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSLUTUlEUHeFIrisYGyhjWUynbRDJw9nJkqJ+RQ3LlTc+ifu/BsnbRbaemDgcM693DPHizmTyrK+jaXlldW19dJGeXNre2fXrOzdyigRhDok4pHoeFhSzkLqKKY47cSC4sDjtO2Nm7nffqBCsii8UZOYugEehsxnBCst9c1KL8BqRDBPm9ldWrs/zvpm1apbU6BFYhekCgVaffOrN4hIEtBQEY6l7NpWrNwUC8UIp1m5l0gaYzLGQ9rVNMQBlW46jZ6hI60MkB8J/UKFpurvjRQHUk4CT0/mQeW8l4v/ed1E+eduysI4UTQks0N+wpGKUN4DGjBBieITTTARTGdFZIQFJkq3VdYl2PNfXiTOSf2ibl+fVhuXRRslOIBDqIENZ9CAK2iBAwQe4Rle4c14Ml6Md+NjNrpkFDv78AfG5w9+zZO1</latexit><latexit sha1_base64="+C4rFtc6mBD8D3N6UddV1gNmiso=">AAAB+XicbVDLSsNAFL3xWesr1aWbwSLUTUlEUHeFIrisYGyhjWUynbRDJw9nJkqJ+RQ3LlTc+ifu/BsnbRbaemDgcM693DPHizmTyrK+jaXlldW19dJGeXNre2fXrOzdyigRhDok4pHoeFhSzkLqKKY47cSC4sDjtO2Nm7nffqBCsii8UZOYugEehsxnBCst9c1KL8BqRDBPm9ldWrs/zvpm1apbU6BFYhekCgVaffOrN4hIEtBQEY6l7NpWrNwUC8UIp1m5l0gaYzLGQ9rVNMQBlW46jZ6hI60MkB8J/UKFpurvjRQHUk4CT0/mQeW8l4v/ed1E+eduysI4UTQks0N+wpGKUN4DGjBBieITTTARTGdFZIQFJkq3VdYl2PNfXiTOSf2ibl+fVhuXRRslOIBDqIENZ9CAK2iBAwQe4Rle4c14Ml6Md+NjNrpkFDv78AfG5w9+zZO1</latexit>

Ug(S
d�q�1)V (C(q)) = !g(V )V (C(q))

<latexit sha1_base64="kUHNmULDM/uhETg2T/Tu3BnFKcs=">AAACLnicbVBbSwJBGJ21m9ltq8dehiRYH5TdCKqHQBDCR6NWBV1ldpzVwdmLM7OBLP6jXvorvkRU9NrPaNR9KPXAwOGc8zHfd9yIUSFN813LbGxube9kd3N7+weHR/rxSV2EMcfExiELedNFgjAaEFtSyUgz4gT5LiMNd1iZ+Y1nwgUNgyc5jojjo35APYqRVFJXv7e7feOxk/SKo6I1KcC60faRHGDEksqkkxijghLvYDv0SR+paH19pKvnzZI5B1wlVkryIEWtq0/bvRDHPgkkZkiIlmVG0kkQlxQzMsm1Y0EihIeoT1qKBsgnwknm907ghVJ60Au5eoGEc/XvRIJ8Ica+q5KzTcWyNxPXea1YejdOQoMoliTAi4+8mEEZwll5sEc5wZKNFUGYU7UrxAPEEZaq4pwqwVo+eZXYl6XbkvVwlS9X0zay4AycAwNY4BqUQRXUgA0weAFT8AE+tVftTfvSvhfRjJbOnIJ/0H5+AZ+dpqU=</latexit><latexit sha1_base64="kUHNmULDM/uhETg2T/Tu3BnFKcs=">AAACLnicbVBbSwJBGJ21m9ltq8dehiRYH5TdCKqHQBDCR6NWBV1ldpzVwdmLM7OBLP6jXvorvkRU9NrPaNR9KPXAwOGc8zHfd9yIUSFN813LbGxube9kd3N7+weHR/rxSV2EMcfExiELedNFgjAaEFtSyUgz4gT5LiMNd1iZ+Y1nwgUNgyc5jojjo35APYqRVFJXv7e7feOxk/SKo6I1KcC60faRHGDEksqkkxijghLvYDv0SR+paH19pKvnzZI5B1wlVkryIEWtq0/bvRDHPgkkZkiIlmVG0kkQlxQzMsm1Y0EihIeoT1qKBsgnwknm907ghVJ60Au5eoGEc/XvRIJ8Ica+q5KzTcWyNxPXea1YejdOQoMoliTAi4+8mEEZwll5sEc5wZKNFUGYU7UrxAPEEZaq4pwqwVo+eZXYl6XbkvVwlS9X0zay4AycAwNY4BqUQRXUgA0weAFT8AE+tVftTfvSvhfRjJbOnIJ/0H5+AZ+dpqU=</latexit><latexit sha1_base64="kUHNmULDM/uhETg2T/Tu3BnFKcs=">AAACLnicbVBbSwJBGJ21m9ltq8dehiRYH5TdCKqHQBDCR6NWBV1ldpzVwdmLM7OBLP6jXvorvkRU9NrPaNR9KPXAwOGc8zHfd9yIUSFN813LbGxube9kd3N7+weHR/rxSV2EMcfExiELedNFgjAaEFtSyUgz4gT5LiMNd1iZ+Y1nwgUNgyc5jojjo35APYqRVFJXv7e7feOxk/SKo6I1KcC60faRHGDEksqkkxijghLvYDv0SR+paH19pKvnzZI5B1wlVkryIEWtq0/bvRDHPgkkZkiIlmVG0kkQlxQzMsm1Y0EihIeoT1qKBsgnwknm907ghVJ60Au5eoGEc/XvRIJ8Ica+q5KzTcWyNxPXea1YejdOQoMoliTAi4+8mEEZwll5sEc5wZKNFUGYU7UrxAPEEZaq4pwqwVo+eZXYl6XbkvVwlS9X0zay4AycAwNY4BqUQRXUgA0weAFT8AE+tVftTfvSvhfRjJbOnIJ/0H5+AZ+dpqU=</latexit><latexit sha1_base64="kUHNmULDM/uhETg2T/Tu3BnFKcs=">AAACLnicbVBbSwJBGJ21m9ltq8dehiRYH5TdCKqHQBDCR6NWBV1ldpzVwdmLM7OBLP6jXvorvkRU9NrPaNR9KPXAwOGc8zHfd9yIUSFN813LbGxube9kd3N7+weHR/rxSV2EMcfExiELedNFgjAaEFtSyUgz4gT5LiMNd1iZ+Y1nwgUNgyc5jojjo35APYqRVFJXv7e7feOxk/SKo6I1KcC60faRHGDEksqkkxijghLvYDv0SR+paH19pKvnzZI5B1wlVkryIEWtq0/bvRDHPgkkZkiIlmVG0kkQlxQzMsm1Y0EihIeoT1qKBsgnwknm907ghVJ60Au5eoGEc/XvRIJ8Ica+q5KzTcWyNxPXea1YejdOQoMoliTAi4+8mEEZwll5sEc5wZKNFUGYU7UrxAPEEZaq4pwqwVo+eZXYl6XbkvVwlS9X0zay4AycAwNY4BqUQRXUgA0weAFT8AE+tVftTfvSvhfRjJbOnIJ/0H5+AZ+dpqU=</latexit>



Ward Identities
• Pictorially,

Ug(S
d�q�1)

<latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit>

=<latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="3CDShES1hi9Y62K3c4XwYpIuuBs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsgXHFtqhZNI7bWwmGZKMUIY+gRsXKj6XO9/G9GehrQcCH+ck5N4TZ4Ib6/vfXmljc2t7p7xb2avuHxzWjqqPRuWaYciUULoTU4OCSwwttwI7mUaaxgLb8fhulrefURuu5IOdZBildCh5whm1zmrd9Gt1v+HPRdYhWEIdlmr2a1+9gWJ5itIyQY3pBn5mo4Jqy5nAaaWXG8woG9Mhdh1KmqKJivmgU3LmnAFJlHZHWjJ3f78oaGrMJI3dzZTakVnNZuZ/WTe3yVVUcJnlFiVbfJTkglhFZluTAdfIrJg4oExzNythI6ops66biishWF15HcKLxnUjaPlQhhM4hXMI4BJu4R6aEAIDhBd4g3fvyXv1PhZtlbxlbcfwR97nD+sui0M=</latexit><latexit sha1_base64="3CDShES1hi9Y62K3c4XwYpIuuBs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsgXHFtqhZNI7bWwmGZKMUIY+gRsXKj6XO9/G9GehrQcCH+ck5N4TZ4Ib6/vfXmljc2t7p7xb2avuHxzWjqqPRuWaYciUULoTU4OCSwwttwI7mUaaxgLb8fhulrefURuu5IOdZBildCh5whm1zmrd9Gt1v+HPRdYhWEIdlmr2a1+9gWJ5itIyQY3pBn5mo4Jqy5nAaaWXG8woG9Mhdh1KmqKJivmgU3LmnAFJlHZHWjJ3f78oaGrMJI3dzZTakVnNZuZ/WTe3yVVUcJnlFiVbfJTkglhFZluTAdfIrJg4oExzNythI6ops66biishWF15HcKLxnUjaPlQhhM4hXMI4BJu4R6aEAIDhBd4g3fvyXv1PhZtlbxlbcfwR97nD+sui0M=</latexit><latexit sha1_base64="PIlUSrJwWByT6fWJprwG8Br4FK0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9SAUvOitBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnaKm/v7O7tVw4OH3SSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5om8N+MUg5gOJI84o8ZKzeteperW3BnIMvEKUoUCjV7lq9tPWBajNExQrTuem5ogp8pwJnBS7mYaU8pGdIAdSyWNUQf57NAJObVKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0a9LnCpkRY0soU9zeStiQKsqMzaZsQ/AWX14m/nntquY13Wr9rkijBMdwAmfgwQXU4RYa4AMDhGd4hTfn0Xlx3p2PeeuKU8wcwR84nz/8OoyY</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit>

Ug(S
d�q�1)

<latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit>

V (C(q))
<latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit>

V (C(q))
<latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit>



Ward Identities
• Pictorially,

Ug(S
d�q�1)

<latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit>
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V (C(q))
<latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit>

V (C(q))
<latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit>



Example: U(1) Gauge Theory

G = U(1)(1)e ⇥ U(1)(1)m
<latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit><latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit><latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="//J6LKoP8dpUELae8AOSZCV1KWQ=">AAACAXicbVDLSgMxFL1TX7VWHd26CVahbsqMG3UhCC50WcGxhXYcMmnahiaZIckIZegPuPFX3LhQ8Sfc+Temj0VtPZDL4Zx7ubknTjnTxvN+nMLK6tr6RnGztFXe3tl198oPOskUoQFJeKKaMdaUM0kDwwynzVRRLGJOG/Hgeuw3nqjSLJH3ZpjSUOCeZF1GsLFS5B7doEsUVP2Tx9yWUURR2zBB9bwmIrfi1bwJ0DLxZ6QCM9Qj97vdSUgmqDSEY61bvpeaMMfKMMLpqNTONE0xGeAebVkqsd0Y5pNrRujYKh3UTZR90qCJOj+RY6H1UMS2U2DT14veWPzPa2Wmex7mTKaZoZJMF3UzjkyCxtGgDlOUGD60BBPF7F8R6WOFibEBlmwI/uLJyyQ4rV3U/DsPinAAh1AFH87gCm6hDgEQeIZXeIcP58V5cz6naRWcWWz78AfO1y8R85bg</latexit><latexit sha1_base64="//J6LKoP8dpUELae8AOSZCV1KWQ=">AAACAXicbVDLSgMxFL1TX7VWHd26CVahbsqMG3UhCC50WcGxhXYcMmnahiaZIckIZegPuPFX3LhQ8Sfc+Temj0VtPZDL4Zx7ubknTjnTxvN+nMLK6tr6RnGztFXe3tl198oPOskUoQFJeKKaMdaUM0kDwwynzVRRLGJOG/Hgeuw3nqjSLJH3ZpjSUOCeZF1GsLFS5B7doEsUVP2Tx9yWUURR2zBB9bwmIrfi1bwJ0DLxZ6QCM9Qj97vdSUgmqDSEY61bvpeaMMfKMMLpqNTONE0xGeAebVkqsd0Y5pNrRujYKh3UTZR90qCJOj+RY6H1UMS2U2DT14veWPzPa2Wmex7mTKaZoZJMF3UzjkyCxtGgDlOUGD60BBPF7F8R6WOFibEBlmwI/uLJyyQ4rV3U/DsPinAAh1AFH87gCm6hDgEQeIZXeIcP58V5cz6naRWcWWz78AfO1y8R85bg</latexit><latexit sha1_base64="jAR/qggIEDajy2U9GDE4U1MJNrA=">AAACDHicbVC7TsMwFHV4lvIKMLJYFKSyVAkLMCBVYgC2IhFaqQ2R47qtVceJ7BukKuoPsPArLAyAWPkANv4Gt81QWo5k6+ice3XvPWEiuAbH+bEWFpeWV1YLa8X1jc2tbXtn917HqaLMo7GIVSMkmgkumQccBGskipEoFKwe9i9Hfv2RKc1jeQeDhPkR6Ure4ZSAkQL78ApfYK/sHj9k5hsGDLeAR0xPa1Fgl5yKMwaeJ25OSihHLbC/W+2YphGTQAXRuuk6CfgZUcCpYMNiK9UsIbRPuqxpqCRmop+NrxniI6O0cSdW5knAY3W6IyOR1oMoNJURgZ6e9Ubif14zhc6Zn3GZpMAknQzqpAJDjEfR4DZXjIIYGEKo4mZXTHtEEQomwKIJwZ09eZ54J5XzinvrlKo3eRoFtI8OUBm56BRV0TWqIQ9R9IRe0Bt6t56tV+vD+pyULlh5zx76A+vrF52vmFo=</latexit><latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit><latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit><latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit><latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit><latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit><latexit sha1_base64="Mqp+OoCDHtbmJgXzzMXvkwURwnU=">AAACDHicbVDLSgMxFM3UV62vUZduglWomzIjgroQCi7UXQXHFtpxyKSZNjTJDElGKEN/wI2/4saFils/wJ1/Y9rOorYeSDiccy/33hMmjCrtOD9WYWFxaXmluFpaW9/Y3LK3d+5VnEpMPByzWDZDpAijgniaakaaiSSIh4w0wv7lyG88EqloLO70ICE+R11BI4qRNlJgH1zBC+hV3KOHzHzDgMC2ppyoaY0HdtmpOmPAeeLmpAxy1AP7u92JccqJ0JghpVquk2g/Q1JTzMiw1E4VSRDuoy5pGSqQmehn42uG8NAoHRjF0jyh4Vid7sgQV2rAQ1PJke6pWW8k/ue1Uh2d+RkVSaqJwJNBUcqgjuEoGtihkmDNBoYgLKnZFeIekghrE2DJhODOnjxPvOPqedW9PSnXbvI0imAP7IMKcMEpqIFrUAcewOAJvIA38G49W6/Wh/U5KS1Yec8u+APr6xee75he</latexit>

Noether current:

J (2)
e =

2

g
(⇤F )

<latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit>

Charged operators:

L = �1

2
F ^ ⇤F

<latexit sha1_base64="Ip02qtM8TvPcXVdw5kGKkVdOpZU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VQwZIUQV0IBUEUXFSwttCUMpnetEMnD2YmSgn5Bjf+ihsXKm7dufNvnLRZaPXAwOGce7lzjhtxJpVlfRmFmdm5+YXiYmlpeWV1zVzfuJVhLCg0aMhD0XKJBM4CaCimOLQiAcR3OTTd4VnmN+9ASBYGN2oUQccn/YB5jBKlpa655/hEDSjhyVWKT/EBdjxBaGKnSTXF59i5h14f8L6mXbNsVawx8F9i56SMctS75qfTC2nsQ6AoJ1K2bStSnYQIxSiHtOTEEiJCh6QPbU0D4oPsJONIKd7RSg97odAvUHis/txIiC/lyHf1ZBZATnuZ+J/XjpV33ElYEMUKAjo55MUcqxBn/eAeE0AVH2lCqGD6r5gOiO5E6RZLugR7OvJf0qhWTir29WG5dpm3UURbaBvtIhsdoRq6QHXUQBQ9oCf0gl6NR+PZeDPeJ6MFI9/ZRL9gfHwDH8ObbQ==</latexit><latexit sha1_base64="Ip02qtM8TvPcXVdw5kGKkVdOpZU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VQwZIUQV0IBUEUXFSwttCUMpnetEMnD2YmSgn5Bjf+ihsXKm7dufNvnLRZaPXAwOGce7lzjhtxJpVlfRmFmdm5+YXiYmlpeWV1zVzfuJVhLCg0aMhD0XKJBM4CaCimOLQiAcR3OTTd4VnmN+9ASBYGN2oUQccn/YB5jBKlpa655/hEDSjhyVWKT/EBdjxBaGKnSTXF59i5h14f8L6mXbNsVawx8F9i56SMctS75qfTC2nsQ6AoJ1K2bStSnYQIxSiHtOTEEiJCh6QPbU0D4oPsJONIKd7RSg97odAvUHis/txIiC/lyHf1ZBZATnuZ+J/XjpV33ElYEMUKAjo55MUcqxBn/eAeE0AVH2lCqGD6r5gOiO5E6RZLugR7OvJf0qhWTir29WG5dpm3UURbaBvtIhsdoRq6QHXUQBQ9oCf0gl6NR+PZeDPeJ6MFI9/ZRL9gfHwDH8ObbQ==</latexit><latexit sha1_base64="Ip02qtM8TvPcXVdw5kGKkVdOpZU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VQwZIUQV0IBUEUXFSwttCUMpnetEMnD2YmSgn5Bjf+ihsXKm7dufNvnLRZaPXAwOGce7lzjhtxJpVlfRmFmdm5+YXiYmlpeWV1zVzfuJVhLCg0aMhD0XKJBM4CaCimOLQiAcR3OTTd4VnmN+9ASBYGN2oUQccn/YB5jBKlpa655/hEDSjhyVWKT/EBdjxBaGKnSTXF59i5h14f8L6mXbNsVawx8F9i56SMctS75qfTC2nsQ6AoJ1K2bStSnYQIxSiHtOTEEiJCh6QPbU0D4oPsJONIKd7RSg97odAvUHis/txIiC/lyHf1ZBZATnuZ+J/XjpV33ElYEMUKAjo55MUcqxBn/eAeE0AVH2lCqGD6r5gOiO5E6RZLugR7OvJf0qhWTir29WG5dpm3UURbaBvtIhsdoRq6QHXUQBQ9oCf0gl6NR+PZeDPeJ6MFI9/ZRL9gfHwDH8ObbQ==</latexit><latexit sha1_base64="Ip02qtM8TvPcXVdw5kGKkVdOpZU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0VQwZIUQV0IBUEUXFSwttCUMpnetEMnD2YmSgn5Bjf+ihsXKm7dufNvnLRZaPXAwOGce7lzjhtxJpVlfRmFmdm5+YXiYmlpeWV1zVzfuJVhLCg0aMhD0XKJBM4CaCimOLQiAcR3OTTd4VnmN+9ASBYGN2oUQccn/YB5jBKlpa655/hEDSjhyVWKT/EBdjxBaGKnSTXF59i5h14f8L6mXbNsVawx8F9i56SMctS75qfTC2nsQ6AoJ1K2bStSnYQIxSiHtOTEEiJCh6QPbU0D4oPsJONIKd7RSg97odAvUHis/txIiC/lyHf1ZBZATnuZ+J/XjpV33ElYEMUKAjo55MUcqxBn/eAeE0AVH2lCqGD6r5gOiO5E6RZLugR7OvJf0qhWTir29WG5dpm3UURbaBvtIhsdoRq6QHXUQBQ9oCf0gl6NR+PZeDPeJ6MFI9/ZRL9gfHwDH8ObbQ==</latexit>

Ve(�, q) = eigq
H
� A

<latexit sha1_base64="+CvSkWP0XW15XraaB5v6NywD4nI=">AAACE3icbVA9SwNBEN3z2/h1ammzGIQoEu4koo0QtbGMYBIhF4+9zSQu2d07d/eEcOQ/2PhXbCwUsbWx89+4iVf49WDg8d4MM/OihDNtPO/DmZicmp6ZnZsvLCwuLa+4q2sNHaeKQp3GPFaXEdHAmYS6YYbDZaKAiIhDM+qfjvzmLSjNYnlhBgm0BelJ1mWUGCuF7k4jhFLQI0IQvItvtvERhquM4R6+wUHMpAlz83gYukWv7I2B/xI/J0WUoxa670EnpqkAaSgnWrd8LzHtjCjDKIdhIUg1JIT2SQ9alkoiQLez8U9DvGWVDu7GypY0eKx+n8iI0HogItspiLnWv72R+J/XSk33sJ0xmaQGJP1a1E05NjEeBYQ7TAE1fGAJoYrZWzG9JopQY2Ms2BD83y//JY29sl8p759XitWTPI45tIE2UQn56ABV0RmqoTqi6A49oCf07Nw7j86L8/rVOuHkM+voB5y3T3O+nAw=</latexit>



Example: U(1) Gauge Theory

Ward identity:

ei↵q
<latexit sha1_base64="w+IiokesRAF2OBJjxacPGT8pMwY=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokI6q3gRW8VrC20aZlsJ+3SzSbubpQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLd/r+NUMayzWMSqGYBGwSXWDTcCm4lCiAKBjWB4NfEbj6g0j+WdGSXoR9CXPOQMjJU62Mk4bYNIBkAfxt1S2a24U9BF4uWkTHLUuqWvdi9maYTSMAFatzw3MX4GynAmcFxspxoTYEPoY8tSCRFqP5tePabHVunRMFa2pKFT9fdEBpHWoyiwnRGYgZ73JuJ/Xis14YWfcZmkBiWbLQpTQU1MJxHQHlfIjBhZAkxxeytlA1DAjA2qaEPw5l9eJPXTymXFuz0rV2/yNArkkByRE+KRc1Il16RG6oQRRZ7JK3lznpwX5935mLUuOfnMAfkD5/MHheCSGA==</latexit><latexit sha1_base64="w+IiokesRAF2OBJjxacPGT8pMwY=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokI6q3gRW8VrC20aZlsJ+3SzSbubpQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLd/r+NUMayzWMSqGYBGwSXWDTcCm4lCiAKBjWB4NfEbj6g0j+WdGSXoR9CXPOQMjJU62Mk4bYNIBkAfxt1S2a24U9BF4uWkTHLUuqWvdi9maYTSMAFatzw3MX4GynAmcFxspxoTYEPoY8tSCRFqP5tePabHVunRMFa2pKFT9fdEBpHWoyiwnRGYgZ73JuJ/Xis14YWfcZmkBiWbLQpTQU1MJxHQHlfIjBhZAkxxeytlA1DAjA2qaEPw5l9eJPXTymXFuz0rV2/yNArkkByRE+KRc1Il16RG6oQRRZ7JK3lznpwX5935mLUuOfnMAfkD5/MHheCSGA==</latexit><latexit sha1_base64="w+IiokesRAF2OBJjxacPGT8pMwY=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokI6q3gRW8VrC20aZlsJ+3SzSbubpQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLd/r+NUMayzWMSqGYBGwSXWDTcCm4lCiAKBjWB4NfEbj6g0j+WdGSXoR9CXPOQMjJU62Mk4bYNIBkAfxt1S2a24U9BF4uWkTHLUuqWvdi9maYTSMAFatzw3MX4GynAmcFxspxoTYEPoY8tSCRFqP5tePabHVunRMFa2pKFT9fdEBpHWoyiwnRGYgZ73JuJ/Xis14YWfcZmkBiWbLQpTQU1MJxHQHlfIjBhZAkxxeytlA1DAjA2qaEPw5l9eJPXTymXFuz0rV2/yNArkkByRE+KRc1Il16RG6oQRRZ7JK3lznpwX5935mLUuOfnMAfkD5/MHheCSGA==</latexit><latexit sha1_base64="w+IiokesRAF2OBJjxacPGT8pMwY=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KokI6q3gRW8VrC20aZlsJ+3SzSbubpQS+j+8eFDx6o/x5r9x2+agrQ8GHu/NMDMvSATXxnW/naXlldW19cJGcXNre2e3tLd/r+NUMayzWMSqGYBGwSXWDTcCm4lCiAKBjWB4NfEbj6g0j+WdGSXoR9CXPOQMjJU62Mk4bYNIBkAfxt1S2a24U9BF4uWkTHLUuqWvdi9maYTSMAFatzw3MX4GynAmcFxspxoTYEPoY8tSCRFqP5tePabHVunRMFa2pKFT9fdEBpHWoyiwnRGYgZ73JuJ/Xis14YWfcZmkBiWbLQpTQU1MJxHQHlfIjBhZAkxxeytlA1DAjA2qaEPw5l9eJPXTymXFuz0rV2/yNArkkByRE+KRc1Il16RG6oQRRZ7JK3lznpwX5935mLUuOfnMAfkD5/MHheCSGA==</latexit>

=<latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="3CDShES1hi9Y62K3c4XwYpIuuBs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsgXHFtqhZNI7bWwmGZKMUIY+gRsXKj6XO9/G9GehrQcCH+ck5N4TZ4Ib6/vfXmljc2t7p7xb2avuHxzWjqqPRuWaYciUULoTU4OCSwwttwI7mUaaxgLb8fhulrefURuu5IOdZBildCh5whm1zmrd9Gt1v+HPRdYhWEIdlmr2a1+9gWJ5itIyQY3pBn5mo4Jqy5nAaaWXG8woG9Mhdh1KmqKJivmgU3LmnAFJlHZHWjJ3f78oaGrMJI3dzZTakVnNZuZ/WTe3yVVUcJnlFiVbfJTkglhFZluTAdfIrJg4oExzNythI6ops66biishWF15HcKLxnUjaPlQhhM4hXMI4BJu4R6aEAIDhBd4g3fvyXv1PhZtlbxlbcfwR97nD+sui0M=</latexit><latexit sha1_base64="3CDShES1hi9Y62K3c4XwYpIuuBs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3KgLQXDjsgXHFtqhZNI7bWwmGZKMUIY+gRsXKj6XO9/G9GehrQcCH+ck5N4TZ4Ib6/vfXmljc2t7p7xb2avuHxzWjqqPRuWaYciUULoTU4OCSwwttwI7mUaaxgLb8fhulrefURuu5IOdZBildCh5whm1zmrd9Gt1v+HPRdYhWEIdlmr2a1+9gWJ5itIyQY3pBn5mo4Jqy5nAaaWXG8woG9Mhdh1KmqKJivmgU3LmnAFJlHZHWjJ3f78oaGrMJI3dzZTakVnNZuZ/WTe3yVVUcJnlFiVbfJTkglhFZluTAdfIrJg4oExzNythI6ops66biishWF15HcKLxnUjaPlQhhM4hXMI4BJu4R6aEAIDhBd4g3fvyXv1PhZtlbxlbcfwR97nD+sui0M=</latexit><latexit sha1_base64="PIlUSrJwWByT6fWJprwG8Br4FK0=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9SAUvOitBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhang2rjut7Oyura+sVnaKm/v7O7tVw4OH3SSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqZ+6wmV5om8N+MUg5gOJI84o8ZKzeteperW3BnIMvEKUoUCjV7lq9tPWBajNExQrTuem5ogp8pwJnBS7mYaU8pGdIAdSyWNUQf57NAJObVKn0SJsiUNmam/J3Iaaz2OQ9sZUzPUi95U/M/rZCa6DHIu08ygZPNFUSaIScj0a9LnCpkRY0soU9zeStiQKsqMzaZsQ/AWX14m/nntquY13Wr9rkijBMdwAmfgwQXU4RYa4AMDhGd4hTfn0Xlx3p2PeeuKU8wcwR84nz/8OoyY</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit><latexit sha1_base64="/OnhLjfOOnbj0oyGsbl2PGMsWR4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CwYveWjC20Iay2U7btZtN2N0IJfQXePGg4tW/5M1/47bNQVsfDDzem2FmXpgIro3rfjuFldW19Y3iZmlre2d3r7x/8KDjVDH0WSxi1QqpRsEl+oYbga1EIY1Cgc1wdDP1m0+oNI/lvRknGER0IHmfM2qs1Ljulitu1Z2BLBMvJxXIUe+Wvzq9mKURSsME1brtuYkJMqoMZwInpU6qMaFsRAfYtlTSCHWQzQ6dkBOr9Eg/VrakITP190RGI63HUWg7I2qGetGbiv957dT0L4OMyyQ1KNl8UT8VxMRk+jXpcYXMiLEllClubyVsSBVlxmZTsiF4iy8vE/+selX1GueV2l2eRhGO4BhOwYMLqMEt1MEHBgjP8ApvzqPz4rw7H/PWgpPPHMIfOJ8//XqMnA==</latexit> !g(V )⇥
<latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit>

�
<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit>

S2
r

<latexit sha1_base64="2Ngy4vIaHqpa2l0U+HClFXWfxCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KHvRY0dhCG8tmO22XbjZhdyOU0N/gxYOKV/+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR1dRvPqHSPJb3ZpxgENGB5H3OqLGSf9dVj7VuueJW3RnIMvFyUoEcjW75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NgJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Isi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD4lG4K3+PIy8WvVy6p3e1apX+dpFOEIjuEUPDiHOtxAA3xgwOEZXuHNkc6L8+58zFsLTj5zCH/gfP4AyzWOOQ==</latexit><latexit sha1_base64="2Ngy4vIaHqpa2l0U+HClFXWfxCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KHvRY0dhCG8tmO22XbjZhdyOU0N/gxYOKV/+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR1dRvPqHSPJb3ZpxgENGB5H3OqLGSf9dVj7VuueJW3RnIMvFyUoEcjW75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NgJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Isi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD4lG4K3+PIy8WvVy6p3e1apX+dpFOEIjuEUPDiHOtxAA3xgwOEZXuHNkc6L8+58zFsLTj5zCH/gfP4AyzWOOQ==</latexit><latexit sha1_base64="2Ngy4vIaHqpa2l0U+HClFXWfxCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KHvRY0dhCG8tmO22XbjZhdyOU0N/gxYOKV/+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR1dRvPqHSPJb3ZpxgENGB5H3OqLGSf9dVj7VuueJW3RnIMvFyUoEcjW75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NgJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Isi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD4lG4K3+PIy8WvVy6p3e1apX+dpFOEIjuEUPDiHOtxAA3xgwOEZXuHNkc6L8+58zFsLTj5zCH/gfP4AyzWOOQ==</latexit><latexit sha1_base64="2Ngy4vIaHqpa2l0U+HClFXWfxCk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KHvRY0dhCG8tmO22XbjZhdyOU0N/gxYOKV/+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RRWVtfWN4qbpa3tnd298v7Bg45TxdBnsYhVK6QaBZfoG24EthKFNAoFNsPR1dRvPqHSPJb3ZpxgENGB5H3OqLGSf9dVj7VuueJW3RnIMvFyUoEcjW75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NgJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Isi4TFKDks0X9VNBTEymn5MeV8iMGFtCmeL2VsKGVFFmbD4lG4K3+PIy8WvVy6p3e1apX+dpFOEIjuEUPDiHOtxAA3xgwOEZXuHNkc6L8+58zFsLTj5zCH/gfP4AyzWOOQ==</latexit>

�
<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit>
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<latexit sha1_base64="1VXvVrMykZwUBcUutINDYv0NtJM="></latexit>



Symmetry Breaking
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<latexit sha1_base64="o4nBl4Lc/zpcQ+8BaiN6GCM48mw="></latexit><latexit sha1_base64="o4nBl4Lc/zpcQ+8BaiN6GCM48mw="></latexit><latexit sha1_base64="o4nBl4Lc/zpcQ+8BaiN6GCM48mw="></latexit><latexit sha1_base64="o4nBl4Lc/zpcQ+8BaiN6GCM48mw="></latexit>

Dµ = @µ + ignAµ
<latexit sha1_base64="O+m0E6SfGJcpUQ97a0GSUsZ7htc=">AAACCnicbVBNS8MwGE7n15xfVY9ewoYgCKMVQT0IEwU9TrBusJaSZukWlqYlSYVRdvfiX/HiQcWrv8Cb/8a060E3Hwg87/O8b5L3CRJGpbKsb6OysLi0vFJdra2tb2xumds79zJOBSYOjlksugGShFFOHEUVI91EEBQFjHSC0WXudx6IkDTmd2qcEC9CA05DipHSkm/Wr3w3SuE5dBMkFEWsKA8hhQPI4UVe+WbDaloF4DyxS9IAJdq++eX2Y5xGhCvMkJQ920qUl+X3Y0YmNTeVJEF4hAakpylHEZFeVuwygfta6cMwFvpwBQv190SGIinHUaA7I6SGctbLxf+8XqrCUy+jPEkV4Xj6UJgyqGKYBwP7VBCs2FgThAXVf4V4iATCSsdX0yHYsyvPE+eoeda0b48bresyjSrYA3VwAGxwAlrgBrSBAzB4BM/gFbwZT8aL8W58TFsrRjmzC/7A+PwBfnGZAw==</latexit><latexit sha1_base64="O+m0E6SfGJcpUQ97a0GSUsZ7htc=">AAACCnicbVBNS8MwGE7n15xfVY9ewoYgCKMVQT0IEwU9TrBusJaSZukWlqYlSYVRdvfiX/HiQcWrv8Cb/8a060E3Hwg87/O8b5L3CRJGpbKsb6OysLi0vFJdra2tb2xumds79zJOBSYOjlksugGShFFOHEUVI91EEBQFjHSC0WXudx6IkDTmd2qcEC9CA05DipHSkm/Wr3w3SuE5dBMkFEWsKA8hhQPI4UVe+WbDaloF4DyxS9IAJdq++eX2Y5xGhCvMkJQ920qUl+X3Y0YmNTeVJEF4hAakpylHEZFeVuwygfta6cMwFvpwBQv190SGIinHUaA7I6SGctbLxf+8XqrCUy+jPEkV4Xj6UJgyqGKYBwP7VBCs2FgThAXVf4V4iATCSsdX0yHYsyvPE+eoeda0b48bresyjSrYA3VwAGxwAlrgBrSBAzB4BM/gFbwZT8aL8W58TFsrRjmzC/7A+PwBfnGZAw==</latexit><latexit sha1_base64="O+m0E6SfGJcpUQ97a0GSUsZ7htc=">AAACCnicbVBNS8MwGE7n15xfVY9ewoYgCKMVQT0IEwU9TrBusJaSZukWlqYlSYVRdvfiX/HiQcWrv8Cb/8a060E3Hwg87/O8b5L3CRJGpbKsb6OysLi0vFJdra2tb2xumds79zJOBSYOjlksugGShFFOHEUVI91EEBQFjHSC0WXudx6IkDTmd2qcEC9CA05DipHSkm/Wr3w3SuE5dBMkFEWsKA8hhQPI4UVe+WbDaloF4DyxS9IAJdq++eX2Y5xGhCvMkJQ920qUl+X3Y0YmNTeVJEF4hAakpylHEZFeVuwygfta6cMwFvpwBQv190SGIinHUaA7I6SGctbLxf+8XqrCUy+jPEkV4Xj6UJgyqGKYBwP7VBCs2FgThAXVf4V4iATCSsdX0yHYsyvPE+eoeda0b48bresyjSrYA3VwAGxwAlrgBrSBAzB4BM/gFbwZT8aL8W58TFsrRjmzC/7A+PwBfnGZAw==</latexit><latexit sha1_base64="O+m0E6SfGJcpUQ97a0GSUsZ7htc=">AAACCnicbVBNS8MwGE7n15xfVY9ewoYgCKMVQT0IEwU9TrBusJaSZukWlqYlSYVRdvfiX/HiQcWrv8Cb/8a060E3Hwg87/O8b5L3CRJGpbKsb6OysLi0vFJdra2tb2xumds79zJOBSYOjlksugGShFFOHEUVI91EEBQFjHSC0WXudx6IkDTmd2qcEC9CA05DipHSkm/Wr3w3SuE5dBMkFEWsKA8hhQPI4UVe+WbDaloF4DyxS9IAJdq++eX2Y5xGhCvMkJQ920qUl+X3Y0YmNTeVJEF4hAakpylHEZFeVuwygfta6cMwFvpwBQv190SGIinHUaA7I6SGctbLxf+8XqrCUy+jPEkV4Xj6UJgyqGKYBwP7VBCs2FgThAXVf4V4iATCSsdX0yHYsyvPE+eoeda0b48bresyjSrYA3VwAGxwAlrgBrSBAzB4BM/gFbwZT8aL8W58TFsrRjmzC/7A+PwBfnGZAw==</latexit>

�
<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit>

�
<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit> �

<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit>
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<latexit sha1_base64="yw7/XIrHknzgEK5A/IhsKdtTRb8=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tFqJeSFEG9FQTxWNHYQpuGyXbTLt18sLsRSsjFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tlzbKm1vbO7vm3v6DjFNBqENiHou2D5JyFlFHMcVpOxEUQp/Tlj+6mvitRyoki6N7NU6oG8IgYgEjoLTkmYeOl9FexnAXeDKEPK/eeaJXP/XMilWzpsCLxC5IBRVoeuZXtx+TNKSRIhyk7NhWotwMhGKE07zcTSVNgIxgQDuaRhBS6WbTB3J8opU+DmKhK1J4qv6eyCCUchz6ujMENZTz3kT8z+ukKrhwMxYlqaIRmS0KUo5VjCdp4D4TlCg+1gSIYPpWTIYggCidWVmHYM+/vEiceu2yZt+eVRrXRRoldISOURXZ6Bw10A1qIgcRlKNn9IrejCfjxXg3PmatS0Yxc4D+wPj8AUMZlcA=</latexit><latexit sha1_base64="yw7/XIrHknzgEK5A/IhsKdtTRb8=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tFqJeSFEG9FQTxWNHYQpuGyXbTLt18sLsRSsjFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tlzbKm1vbO7vm3v6DjFNBqENiHou2D5JyFlFHMcVpOxEUQp/Tlj+6mvitRyoki6N7NU6oG8IgYgEjoLTkmYeOl9FexnAXeDKEPK/eeaJXP/XMilWzpsCLxC5IBRVoeuZXtx+TNKSRIhyk7NhWotwMhGKE07zcTSVNgIxgQDuaRhBS6WbTB3J8opU+DmKhK1J4qv6eyCCUchz6ujMENZTz3kT8z+ukKrhwMxYlqaIRmS0KUo5VjCdp4D4TlCg+1gSIYPpWTIYggCidWVmHYM+/vEiceu2yZt+eVRrXRRoldISOURXZ6Bw10A1qIgcRlKNn9IrejCfjxXg3PmatS0Yxc4D+wPj8AUMZlcA=</latexit><latexit sha1_base64="yw7/XIrHknzgEK5A/IhsKdtTRb8=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tFqJeSFEG9FQTxWNHYQpuGyXbTLt18sLsRSsjFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tlzbKm1vbO7vm3v6DjFNBqENiHou2D5JyFlFHMcVpOxEUQp/Tlj+6mvitRyoki6N7NU6oG8IgYgEjoLTkmYeOl9FexnAXeDKEPK/eeaJXP/XMilWzpsCLxC5IBRVoeuZXtx+TNKSRIhyk7NhWotwMhGKE07zcTSVNgIxgQDuaRhBS6WbTB3J8opU+DmKhK1J4qv6eyCCUchz6ujMENZTz3kT8z+ukKrhwMxYlqaIRmS0KUo5VjCdp4D4TlCg+1gSIYPpWTIYggCidWVmHYM+/vEiceu2yZt+eVRrXRRoldISOURXZ6Bw10A1qIgcRlKNn9IrejCfjxXg3PmatS0Yxc4D+wPj8AUMZlcA=</latexit><latexit sha1_base64="yw7/XIrHknzgEK5A/IhsKdtTRb8=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tFqJeSFEG9FQTxWNHYQpuGyXbTLt18sLsRSsjFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tlzbKm1vbO7vm3v6DjFNBqENiHou2D5JyFlFHMcVpOxEUQp/Tlj+6mvitRyoki6N7NU6oG8IgYgEjoLTkmYeOl9FexnAXeDKEPK/eeaJXP/XMilWzpsCLxC5IBRVoeuZXtx+TNKSRIhyk7NhWotwMhGKE07zcTSVNgIxgQDuaRhBS6WbTB3J8opU+DmKhK1J4qv6eyCCUchz6ujMENZTz3kT8z+ukKrhwMxYlqaIRmS0KUo5VjCdp4D4TlCg+1gSIYPpWTIYggCidWVmHYM+/vEiceu2yZt+eVRrXRRoldISOURXZ6Bw10A1qIgcRlKNn9IrejCfjxXg3PmatS0Yxc4D+wPj8AUMZlcA=</latexit>

Charge     Wilson line can end:Dµ = @µ + ignAµ
<latexit sha1_base64="O+m0E6SfGJcpUQ97a0GSUsZ7htc=">AAACCnicbVBNS8MwGE7n15xfVY9ewoYgCKMVQT0IEwU9TrBusJaSZukWlqYlSYVRdvfiX/HiQcWrv8Cb/8a060E3Hwg87/O8b5L3CRJGpbKsb6OysLi0vFJdra2tb2xumds79zJOBSYOjlksugGShFFOHEUVI91EEBQFjHSC0WXudx6IkDTmd2qcEC9CA05DipHSkm/Wr3w3SuE5dBMkFEWsKA8hhQPI4UVe+WbDaloF4DyxS9IAJdq++eX2Y5xGhCvMkJQ920qUl+X3Y0YmNTeVJEF4hAakpylHEZFeVuwygfta6cMwFvpwBQv190SGIinHUaA7I6SGctbLxf+8XqrCUy+jPEkV4Xj6UJgyqGKYBwP7VBCs2FgThAXVf4V4iATCSsdX0yHYsyvPE+eoeda0b48bresyjSrYA3VwAGxwAlrgBrSBAzB4BM/gFbwZT8aL8W58TFsrRjmzC/7A+PwBfnGZAw==</latexit><latexit sha1_base64="O+m0E6SfGJcpUQ97a0GSUsZ7htc=">AAACCnicbVBNS8MwGE7n15xfVY9ewoYgCKMVQT0IEwU9TrBusJaSZukWlqYlSYVRdvfiX/HiQcWrv8Cb/8a060E3Hwg87/O8b5L3CRJGpbKsb6OysLi0vFJdra2tb2xumds79zJOBSYOjlksugGShFFOHEUVI91EEBQFjHSC0WXudx6IkDTmd2qcEC9CA05DipHSkm/Wr3w3SuE5dBMkFEWsKA8hhQPI4UVe+WbDaloF4DyxS9IAJdq++eX2Y5xGhCvMkJQ920qUl+X3Y0YmNTeVJEF4hAakpylHEZFeVuwygfta6cMwFvpwBQv190SGIinHUaA7I6SGctbLxf+8XqrCUy+jPEkV4Xj6UJgyqGKYBwP7VBCs2FgThAXVf4V4iATCSsdX0yHYsyvPE+eoeda0b48bresyjSrYA3VwAGxwAlrgBrSBAzB4BM/gFbwZT8aL8W58TFsrRjmzC/7A+PwBfnGZAw==</latexit><latexit sha1_base64="O+m0E6SfGJcpUQ97a0GSUsZ7htc=">AAACCnicbVBNS8MwGE7n15xfVY9ewoYgCKMVQT0IEwU9TrBusJaSZukWlqYlSYVRdvfiX/HiQcWrv8Cb/8a060E3Hwg87/O8b5L3CRJGpbKsb6OysLi0vFJdra2tb2xumds79zJOBSYOjlksugGShFFOHEUVI91EEBQFjHSC0WXudx6IkDTmd2qcEC9CA05DipHSkm/Wr3w3SuE5dBMkFEWsKA8hhQPI4UVe+WbDaloF4DyxS9IAJdq++eX2Y5xGhCvMkJQ920qUl+X3Y0YmNTeVJEF4hAakpylHEZFeVuwygfta6cMwFvpwBQv190SGIinHUaA7I6SGctbLxf+8XqrCUy+jPEkV4Xj6UJgyqGKYBwP7VBCs2FgThAXVf4V4iATCSsdX0yHYsyvPE+eoeda0b48bresyjSrYA3VwAGxwAlrgBrSBAzB4BM/gFbwZT8aL8W58TFsrRjmzC/7A+PwBfnGZAw==</latexit><latexit sha1_base64="O+m0E6SfGJcpUQ97a0GSUsZ7htc=">AAACCnicbVBNS8MwGE7n15xfVY9ewoYgCKMVQT0IEwU9TrBusJaSZukWlqYlSYVRdvfiX/HiQcWrv8Cb/8a060E3Hwg87/O8b5L3CRJGpbKsb6OysLi0vFJdra2tb2xumds79zJOBSYOjlksugGShFFOHEUVI91EEBQFjHSC0WXudx6IkDTmd2qcEC9CA05DipHSkm/Wr3w3SuE5dBMkFEWsKA8hhQPI4UVe+WbDaloF4DyxS9IAJdq++eX2Y5xGhCvMkJQ920qUl+X3Y0YmNTeVJEF4hAakpylHEZFeVuwygfta6cMwFvpwBQv190SGIinHUaA7I6SGctbLxf+8XqrCUy+jPEkV4Xj6UJgyqGKYBwP7VBCs2FgThAXVf4V4iATCSsdX0yHYsyvPE+eoeda0b48bresyjSrYA3VwAGxwAlrgBrSBAzB4BM/gFbwZT8aL8W58TFsrRjmzC/7A+PwBfnGZAw==</latexit>

J (2)
e =

2

g
(⇤F )

<latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit>

d(⇤F ) = �gn ̄�µ 
<latexit sha1_base64="3DKtjIW5VazLcdpfBiSWNxNnFZY=">AAACEHicbVBNSwMxEM3Wr1q/Vj16CRahCpZdEdSDUBBEbxWsLXRrmU3TNjTJLklWKEv/ghf/ihcPKl49evPfmH4ctPXBwOO9GWbmhTFn2njet5OZm19YXMou51ZW19Y33M2tOx0litAKiXikaiFoypmkFcMMp7VYURAhp9WwdzH0qw9UaRbJW9OPaUNAR7I2I2Cs1HQLrcLB5T4+x4e4gyUOQlBpEGs2wEEHhID7QCR4KDTdvFf0RsCzxJ+QPJqg3HS/glZEEkGlIRy0rvtebBopKMMIp4NckGgaA+lBh9YtlSCobqSjjwZ4zyot3I6ULWnwSP09kYLQui9C2ynAdPW0NxT/8+qJaZ82UibjxFBJxovaCccmwsN4cIspSgzvWwJEMXsrJl1QQIwNMWdD8KdfniWVo+JZ0b85zpeuJ2lk0Q7aRQXkoxNUQleojCqIoEf0jF7Rm/PkvDjvzse4NeNMZrbRHzifP26Cmy4=</latexit><latexit sha1_base64="3DKtjIW5VazLcdpfBiSWNxNnFZY=">AAACEHicbVBNSwMxEM3Wr1q/Vj16CRahCpZdEdSDUBBEbxWsLXRrmU3TNjTJLklWKEv/ghf/ihcPKl49evPfmH4ctPXBwOO9GWbmhTFn2njet5OZm19YXMou51ZW19Y33M2tOx0litAKiXikaiFoypmkFcMMp7VYURAhp9WwdzH0qw9UaRbJW9OPaUNAR7I2I2Cs1HQLrcLB5T4+x4e4gyUOQlBpEGs2wEEHhID7QCR4KDTdvFf0RsCzxJ+QPJqg3HS/glZEEkGlIRy0rvtebBopKMMIp4NckGgaA+lBh9YtlSCobqSjjwZ4zyot3I6ULWnwSP09kYLQui9C2ynAdPW0NxT/8+qJaZ82UibjxFBJxovaCccmwsN4cIspSgzvWwJEMXsrJl1QQIwNMWdD8KdfniWVo+JZ0b85zpeuJ2lk0Q7aRQXkoxNUQleojCqIoEf0jF7Rm/PkvDjvzse4NeNMZrbRHzifP26Cmy4=</latexit><latexit sha1_base64="3DKtjIW5VazLcdpfBiSWNxNnFZY=">AAACEHicbVBNSwMxEM3Wr1q/Vj16CRahCpZdEdSDUBBEbxWsLXRrmU3TNjTJLklWKEv/ghf/ihcPKl49evPfmH4ctPXBwOO9GWbmhTFn2njet5OZm19YXMou51ZW19Y33M2tOx0litAKiXikaiFoypmkFcMMp7VYURAhp9WwdzH0qw9UaRbJW9OPaUNAR7I2I2Cs1HQLrcLB5T4+x4e4gyUOQlBpEGs2wEEHhID7QCR4KDTdvFf0RsCzxJ+QPJqg3HS/glZEEkGlIRy0rvtebBopKMMIp4NckGgaA+lBh9YtlSCobqSjjwZ4zyot3I6ULWnwSP09kYLQui9C2ynAdPW0NxT/8+qJaZ82UibjxFBJxovaCccmwsN4cIspSgzvWwJEMXsrJl1QQIwNMWdD8KdfniWVo+JZ0b85zpeuJ2lk0Q7aRQXkoxNUQleojCqIoEf0jF7Rm/PkvDjvzse4NeNMZrbRHzifP26Cmy4=</latexit><latexit sha1_base64="3DKtjIW5VazLcdpfBiSWNxNnFZY=">AAACEHicbVBNSwMxEM3Wr1q/Vj16CRahCpZdEdSDUBBEbxWsLXRrmU3TNjTJLklWKEv/ghf/ihcPKl49evPfmH4ctPXBwOO9GWbmhTFn2njet5OZm19YXMou51ZW19Y33M2tOx0litAKiXikaiFoypmkFcMMp7VYURAhp9WwdzH0qw9UaRbJW9OPaUNAR7I2I2Cs1HQLrcLB5T4+x4e4gyUOQlBpEGs2wEEHhID7QCR4KDTdvFf0RsCzxJ+QPJqg3HS/glZEEkGlIRy0rvtebBopKMMIp4NckGgaA+lBh9YtlSCobqSjjwZ4zyot3I6ULWnwSP09kYLQui9C2ynAdPW0NxT/8+qJaZ82UibjxFBJxovaCccmwsN4cIspSgzvWwJEMXsrJl1QQIwNMWdD8KdfniWVo+JZ0b85zpeuJ2lk0Q7aRQXkoxNUQleojCqIoEf0jF7Rm/PkvDjvzse4NeNMZrbRHzifP26Cmy4=</latexit>



Symmetry Breaking

�
<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit>

�
<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit>

�
<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit>
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<latexit sha1_base64="yw7/XIrHknzgEK5A/IhsKdtTRb8=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tFqJeSFEG9FQTxWNHYQpuGyXbTLt18sLsRSsjFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tlzbKm1vbO7vm3v6DjFNBqENiHou2D5JyFlFHMcVpOxEUQp/Tlj+6mvitRyoki6N7NU6oG8IgYgEjoLTkmYeOl9FexnAXeDKEPK/eeaJXP/XMilWzpsCLxC5IBRVoeuZXtx+TNKSRIhyk7NhWotwMhGKE07zcTSVNgIxgQDuaRhBS6WbTB3J8opU+DmKhK1J4qv6eyCCUchz6ujMENZTz3kT8z+ukKrhwMxYlqaIRmS0KUo5VjCdp4D4TlCg+1gSIYPpWTIYggCidWVmHYM+/vEiceu2yZt+eVRrXRRoldISOURXZ6Bw10A1qIgcRlKNn9IrejCfjxXg3PmatS0Yxc4D+wPj8AUMZlcA=</latexit><latexit sha1_base64="yw7/XIrHknzgEK5A/IhsKdtTRb8=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tFqJeSFEG9FQTxWNHYQpuGyXbTLt18sLsRSsjFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tlzbKm1vbO7vm3v6DjFNBqENiHou2D5JyFlFHMcVpOxEUQp/Tlj+6mvitRyoki6N7NU6oG8IgYgEjoLTkmYeOl9FexnAXeDKEPK/eeaJXP/XMilWzpsCLxC5IBRVoeuZXtx+TNKSRIhyk7NhWotwMhGKE07zcTSVNgIxgQDuaRhBS6WbTB3J8opU+DmKhK1J4qv6eyCCUchz6ujMENZTz3kT8z+ukKrhwMxYlqaIRmS0KUo5VjCdp4D4TlCg+1gSIYPpWTIYggCidWVmHYM+/vEiceu2yZt+eVRrXRRoldISOURXZ6Bw10A1qIgcRlKNn9IrejCfjxXg3PmatS0Yxc4D+wPj8AUMZlcA=</latexit><latexit sha1_base64="yw7/XIrHknzgEK5A/IhsKdtTRb8=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tFqJeSFEG9FQTxWNHYQpuGyXbTLt18sLsRSsjFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tlzbKm1vbO7vm3v6DjFNBqENiHou2D5JyFlFHMcVpOxEUQp/Tlj+6mvitRyoki6N7NU6oG8IgYgEjoLTkmYeOl9FexnAXeDKEPK/eeaJXP/XMilWzpsCLxC5IBRVoeuZXtx+TNKSRIhyk7NhWotwMhGKE07zcTSVNgIxgQDuaRhBS6WbTB3J8opU+DmKhK1J4qv6eyCCUchz6ujMENZTz3kT8z+ukKrhwMxYlqaIRmS0KUo5VjCdp4D4TlCg+1gSIYPpWTIYggCidWVmHYM+/vEiceu2yZt+eVRrXRRoldISOURXZ6Bw10A1qIgcRlKNn9IrejCfjxXg3PmatS0Yxc4D+wPj8AUMZlcA=</latexit><latexit sha1_base64="yw7/XIrHknzgEK5A/IhsKdtTRb8=">AAAB/3icbVBNS8NAEN34WetX1IMHL4tFqJeSFEG9FQTxWNHYQpuGyXbTLt18sLsRSsjFv+LFg4pX/4Y3/43bNgdtfTDweG+GmXl+wplUlvVtLC2vrK6tlzbKm1vbO7vm3v6DjFNBqENiHou2D5JyFlFHMcVpOxEUQp/Tlj+6mvitRyoki6N7NU6oG8IgYgEjoLTkmYeOl9FexnAXeDKEPK/eeaJXP/XMilWzpsCLxC5IBRVoeuZXtx+TNKSRIhyk7NhWotwMhGKE07zcTSVNgIxgQDuaRhBS6WbTB3J8opU+DmKhK1J4qv6eyCCUchz6ujMENZTz3kT8z+ukKrhwMxYlqaIRmS0KUo5VjCdp4D4TlCg+1gSIYPpWTIYggCidWVmHYM+/vEiceu2yZt+eVRrXRRoldISOURXZ6Bw10A1qIgcRlKNn9IrejCfjxXg3PmatS0Yxc4D+wPj8AUMZlcA=</latexit>

=<latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit>

=<latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit>=<latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit><latexit sha1_base64="0hHdtcDCMd//a5IgX6LW6qkwv5U=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9CQRCPLRhbaEPZbKft2s0m7G6EEvoLvHhQ8epf8ua/cdvmoK0PBh7vzTAzL0wE18Z1v53Cyura+kZxs7S1vbO7V94/eNBxqhj6LBaxaoVUo+ASfcONwFaikEahwGY4upn6zSdUmsfy3owTDCI6kLzPGTVWalx3yxW36s5AlomXkwrkqHfLX51ezNIIpWGCat323MQEGVWGM4GTUifVmFA2ogNsWypphDrIZodOyIlVeqQfK1vSkJn6eyKjkdbjKLSdETVDvehNxf+8dmr6l0HGZZIalGy+qJ8KYmIy/Zr0uEJmxNgSyhS3txI2pIoyY7Mp2RC8xZeXiX9Wvap6jfNK7TZPowhHcAyn4MEF1OAO6uADA4RneIU359F5cd6dj3lrwclnDuEPnM8f/JOMmQ==</latexit>

�
<latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit><latexit sha1_base64="zwAAFR6gkIZg6UFtfgZlDQFrHxU=">AAAB+3icbVDLSsNAFJ3UV62vaJduBovgqiQiqLuCC11WMFpoQplMJu3QmUmYmQghxF9x40LFrT/izr9xmmahrQcuHM65d+7cE6aMKu0431ZjZXVtfaO52dra3tnds/cP7lWSSUw8nLBEDkKkCKOCeJpqRgapJIiHjDyE06uZ//BIpKKJuNN5SgKOxoLGFCNtpJHd9qs3CkmisvDHiHNUjuyO03UqwGXi1qQDavRH9pcfJTjjRGjMkFJD10l1UCCpKWakbPmZIinCUzQmQ0MF4kQFRbW4hMdGiWCcSFNCw0r9PVEgrlTOQ9PJkZ6oRW8m/ucNMx1fBAUVaaaJwPNFccagTuAsCRhRSbBmuSEIS2r+CvEESYS1yatlQnAXT14m3mn3suvennV613UaTXAIjsAJcME56IEb0AcewCAHz+AVvFlP1ov1bn3MWxtWPdMGf2B9/gAaI5VH</latexit>

ei↵n
<latexit sha1_base64="aRb8rslUIlQ/lTmaaIfg7X14pFQ=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQLybbSbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vp7Cyura+UdwsbW3v7O6V9w8edJwqhj6LRayaAWgUXKJvuBHYTBRCFAhsBKPrqd94RKV5LO/NOMFOBAPJQ87AWKmL3YzTNohkCFROeuWKW3VnoMvEy0mF5Kj3yl/tfszSCKVhArRueW5iOhkow5nASamdakyAjWCALUslRKg72ezqCT2xSp+GsbIlDZ2pvycyiLQeR4HtjMAM9aI3Ff/zWqkJLzsZl0lqULL5ojAV1MR0GgHtc4XMiLElwBS3t1I2BAXM2KBKNgRv8eVl4p9Vr6re3XmldpOnUSRH5JicEo9ckBq5JXXiE0YUeSav5M15cl6cd+dj3lpw8plD8gfO5w+AbZIS</latexit><latexit sha1_base64="aRb8rslUIlQ/lTmaaIfg7X14pFQ=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQLybbSbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vp7Cyura+UdwsbW3v7O6V9w8edJwqhj6LRayaAWgUXKJvuBHYTBRCFAhsBKPrqd94RKV5LO/NOMFOBAPJQ87AWKmL3YzTNohkCFROeuWKW3VnoMvEy0mF5Kj3yl/tfszSCKVhArRueW5iOhkow5nASamdakyAjWCALUslRKg72ezqCT2xSp+GsbIlDZ2pvycyiLQeR4HtjMAM9aI3Ff/zWqkJLzsZl0lqULL5ojAV1MR0GgHtc4XMiLElwBS3t1I2BAXM2KBKNgRv8eVl4p9Vr6re3XmldpOnUSRH5JicEo9ckBq5JXXiE0YUeSav5M15cl6cd+dj3lpw8plD8gfO5w+AbZIS</latexit><latexit sha1_base64="aRb8rslUIlQ/lTmaaIfg7X14pFQ=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQLybbSbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vp7Cyura+UdwsbW3v7O6V9w8edJwqhj6LRayaAWgUXKJvuBHYTBRCFAhsBKPrqd94RKV5LO/NOMFOBAPJQ87AWKmL3YzTNohkCFROeuWKW3VnoMvEy0mF5Kj3yl/tfszSCKVhArRueW5iOhkow5nASamdakyAjWCALUslRKg72ezqCT2xSp+GsbIlDZ2pvycyiLQeR4HtjMAM9aI3Ff/zWqkJLzsZl0lqULL5ojAV1MR0GgHtc4XMiLElwBS3t1I2BAXM2KBKNgRv8eVl4p9Vr6re3XmldpOnUSRH5JicEo9ckBq5JXXiE0YUeSav5M15cl6cd+dj3lpw8plD8gfO5w+AbZIS</latexit><latexit sha1_base64="aRb8rslUIlQ/lTmaaIfg7X14pFQ=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lEUG8FQTxWMLbQLybbSbt0swm7G6WE/g8vHlS8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vp7Cyura+UdwsbW3v7O6V9w8edJwqhj6LRayaAWgUXKJvuBHYTBRCFAhsBKPrqd94RKV5LO/NOMFOBAPJQ87AWKmL3YzTNohkCFROeuWKW3VnoMvEy0mF5Kj3yl/tfszSCKVhArRueW5iOhkow5nASamdakyAjWCALUslRKg72ezqCT2xSp+GsbIlDZ2pvycyiLQeR4HtjMAM9aI3Ff/zWqkJLzsZl0lqULL5ojAV1MR0GgHtc4XMiLElwBS3t1I2BAXM2KBKNgRv8eVl4p9Vr6re3XmldpOnUSRH5JicEo9ckBq5JXXiE0YUeSav5M15cl6cd+dj3lpw8plD8gfO5w+AbZIS</latexit>

) ei↵n = 1 ) ↵ =
2⇡k

n
<latexit sha1_base64="gllAQGffn2EHn6lqHGWoa2UiTqU="></latexit><latexit sha1_base64="gllAQGffn2EHn6lqHGWoa2UiTqU="></latexit><latexit sha1_base64="gllAQGffn2EHn6lqHGWoa2UiTqU="></latexit><latexit sha1_base64="gllAQGffn2EHn6lqHGWoa2UiTqU="></latexit>

) U(1)(1)e ! Z(1)
n

<latexit sha1_base64="OfOkUYMfzl+HjOOJpJW1SzDiqgM="></latexit><latexit sha1_base64="OfOkUYMfzl+HjOOJpJW1SzDiqgM="></latexit><latexit sha1_base64="OfOkUYMfzl+HjOOJpJW1SzDiqgM="></latexit><latexit sha1_base64="OfOkUYMfzl+HjOOJpJW1SzDiqgM="></latexit>



Non-Invertible Symmetries and 
the Completeness Hypothesis




Completeness Hypothesis

In G gauge theory coupled to quantum gravity, there 
must exist states in every representation of G.

It is often noted that this is related to the absence of 
global symmetries.

Polchinski ’04




Example: U(1) Gauge Theory

• Pure U(1) gauge theory      U(1) electric 1-form 
global symmetry


• States of charge n             electric 1-form global 
symmetry


• States of every charge       no electric 1-form global 
symmetry

)
<latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit>

)
<latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit>

)
<latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit>

Zn
<latexit sha1_base64="fRMdWa/DwRTqtFxPC2YktLk/BMA=">AAAB9HicbVBNS8NAFHypX7V+RT16WWwFTyXpRb0VBPFYwdhiG8tmu2mXbjZhd6OU0P/hxYOKV3+MN/+NmzYHbR1YGGbe481OkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j+4U3EqCfVIzGPZCbCinAnqaaY57SSS4ijgtB2ML3O//UilYrG41ZOE+hEeChYygrWRHmq9COtREGT3076o9e2qU3dmQMvELUgVCrT69ldvEJM0okITjpXquk6i/QxLzQin00ovVTTBZIyHtGuowBFVfjZLPUUnRhmgMJbmCY1m6u+NDEdKTaLATOYh1aKXi/953VSH537GRJJqKsj8UJhypGOUV4AGTFKi+cQQTCQzWREZYYmJNkVVTAnu4peXideoX9Tdm0a1eVW0UYYjOIZTcOEMmnANLfCAgIRneIU368l6sd6tj/loySp2DuEPrM8feuWSDQ==</latexit><latexit sha1_base64="fRMdWa/DwRTqtFxPC2YktLk/BMA=">AAAB9HicbVBNS8NAFHypX7V+RT16WWwFTyXpRb0VBPFYwdhiG8tmu2mXbjZhd6OU0P/hxYOKV3+MN/+NmzYHbR1YGGbe481OkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j+4U3EqCfVIzGPZCbCinAnqaaY57SSS4ijgtB2ML3O//UilYrG41ZOE+hEeChYygrWRHmq9COtREGT3076o9e2qU3dmQMvELUgVCrT69ldvEJM0okITjpXquk6i/QxLzQin00ovVTTBZIyHtGuowBFVfjZLPUUnRhmgMJbmCY1m6u+NDEdKTaLATOYh1aKXi/953VSH537GRJJqKsj8UJhypGOUV4AGTFKi+cQQTCQzWREZYYmJNkVVTAnu4peXideoX9Tdm0a1eVW0UYYjOIZTcOEMmnANLfCAgIRneIU368l6sd6tj/loySp2DuEPrM8feuWSDQ==</latexit><latexit sha1_base64="fRMdWa/DwRTqtFxPC2YktLk/BMA=">AAAB9HicbVBNS8NAFHypX7V+RT16WWwFTyXpRb0VBPFYwdhiG8tmu2mXbjZhd6OU0P/hxYOKV3+MN/+NmzYHbR1YGGbe481OkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j+4U3EqCfVIzGPZCbCinAnqaaY57SSS4ijgtB2ML3O//UilYrG41ZOE+hEeChYygrWRHmq9COtREGT3076o9e2qU3dmQMvELUgVCrT69ldvEJM0okITjpXquk6i/QxLzQin00ovVTTBZIyHtGuowBFVfjZLPUUnRhmgMJbmCY1m6u+NDEdKTaLATOYh1aKXi/953VSH537GRJJqKsj8UJhypGOUV4AGTFKi+cQQTCQzWREZYYmJNkVVTAnu4peXideoX9Tdm0a1eVW0UYYjOIZTcOEMmnANLfCAgIRneIU368l6sd6tj/loySp2DuEPrM8feuWSDQ==</latexit><latexit sha1_base64="fRMdWa/DwRTqtFxPC2YktLk/BMA=">AAAB9HicbVBNS8NAFHypX7V+RT16WWwFTyXpRb0VBPFYwdhiG8tmu2mXbjZhd6OU0P/hxYOKV3+MN/+NmzYHbR1YGGbe481OkHCmtON8W6WV1bX1jfJmZWt7Z3fP3j+4U3EqCfVIzGPZCbCinAnqaaY57SSS4ijgtB2ML3O//UilYrG41ZOE+hEeChYygrWRHmq9COtREGT3076o9e2qU3dmQMvELUgVCrT69ldvEJM0okITjpXquk6i/QxLzQin00ovVTTBZIyHtGuowBFVfjZLPUUnRhmgMJbmCY1m6u+NDEdKTaLATOYh1aKXi/953VSH537GRJJqKsj8UJhypGOUV4AGTFKi+cQQTCQzWREZYYmJNkVVTAnu4peXideoX9Tdm0a1eVW0UYYjOIZTcOEMmnANLfCAgIRneIU368l6sd6tj/loySp2DuEPrM8feuWSDQ==</latexit>

Completeness  No electric 1-form global symmetry⇔



Counterexample: S3 Gauge Theory

• Pure S3 gauge theory      no 1-form global symmetry 
Harlow, Ooguri ’18


• But…there do exist more general topological 
codimension-2 operators


• Completeness of S3 gauge theory      no non-
invertible 1-form symmetry

)
<latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit><latexit sha1_base64="NctNnNG76UkcnFOcProBG31wKw8=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q2gB49VjC20oWy2m3bpJht2J0oJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ2l5ZXVtvbRR3tza3tmt7O0/GJVpxn2mpNKtkBouRcJ9FCh5K9WcxqHkzXB4NfGbj1wboZJ7HKU8iGk/EZFgFK3U7tyJ/gCp1uqpW6m6NXcKski8glShQKNb+er0FMtiniCT1Ji256YY5FSjYJKPy53M8JSyIe3ztqUJjbkJ8unJY3JslR6JlLaVIJmqvydyGhszikPbGVMcmHlvIv7ntTOMLoJcJGmGPGGzRVEmCSoy+Z/0hOYM5cgSyrSwtxI2oJoytCmVbQje/MuLxD+tXda827Nq/bpIowSHcAQn4ME51OEGGuADAwXP8ApvDjovzrvzMWtdcoqZA/gD5/MH+/WRQw==</latexit>

Symmetry defect: Ug ⇥ Ug0 = Ugg0
<latexit sha1_base64="HjZqK0RlF+Wf9ESGbWb0uEWY1tA=">AAACF3icbZA9SwNBEIb3/IzxK2ppsxhFq3iXxg8QAlpYRvRUSMKxt5lLluzeHbtzQjjyM2z8KzYWKrba+W/cxBRqfGHh4Z0ZZucNUykMuu6nMzU9Mzs3X1goLi4tr6yW1tavTZJpDj5PZKJvQ2ZAihh8FCjhNtXAVCjhJuydDus3d6CNSOIr7KfQUqwTi0hwhtYKSvuXfaUAdZ+2IQKOx3TbDzq0iUKBoX6Qd3YH9GQE1OJ2UCq7FXckOgneGMpkrHpQ+mi2E54piJFLZkzDc1Ns5Uyj4BIGxWZmIGW8xzrQsBgzu7eVjw4b0B3rtGmUaPtipCP350TOlDF9FdpOxbBr/taG5n+1RobRYSsXcZohxPx7UZRJigkdpkTbQtswpE1FMK6F/SvlXaYZR5tl0Ybg/T15Evxq5ajiXVTLtbNxGgWySbbIHvHIAamRc1InPuHknjySZ/LiPDhPzqvz9t065YxnNsgvOe9fUwGePQ==</latexit><latexit sha1_base64="HjZqK0RlF+Wf9ESGbWb0uEWY1tA=">AAACF3icbZA9SwNBEIb3/IzxK2ppsxhFq3iXxg8QAlpYRvRUSMKxt5lLluzeHbtzQjjyM2z8KzYWKrba+W/cxBRqfGHh4Z0ZZucNUykMuu6nMzU9Mzs3X1goLi4tr6yW1tavTZJpDj5PZKJvQ2ZAihh8FCjhNtXAVCjhJuydDus3d6CNSOIr7KfQUqwTi0hwhtYKSvuXfaUAdZ+2IQKOx3TbDzq0iUKBoX6Qd3YH9GQE1OJ2UCq7FXckOgneGMpkrHpQ+mi2E54piJFLZkzDc1Ns5Uyj4BIGxWZmIGW8xzrQsBgzu7eVjw4b0B3rtGmUaPtipCP350TOlDF9FdpOxbBr/taG5n+1RobRYSsXcZohxPx7UZRJigkdpkTbQtswpE1FMK6F/SvlXaYZR5tl0Ybg/T15Evxq5ajiXVTLtbNxGgWySbbIHvHIAamRc1InPuHknjySZ/LiPDhPzqvz9t065YxnNsgvOe9fUwGePQ==</latexit><latexit sha1_base64="HjZqK0RlF+Wf9ESGbWb0uEWY1tA=">AAACF3icbZA9SwNBEIb3/IzxK2ppsxhFq3iXxg8QAlpYRvRUSMKxt5lLluzeHbtzQjjyM2z8KzYWKrba+W/cxBRqfGHh4Z0ZZucNUykMuu6nMzU9Mzs3X1goLi4tr6yW1tavTZJpDj5PZKJvQ2ZAihh8FCjhNtXAVCjhJuydDus3d6CNSOIr7KfQUqwTi0hwhtYKSvuXfaUAdZ+2IQKOx3TbDzq0iUKBoX6Qd3YH9GQE1OJ2UCq7FXckOgneGMpkrHpQ+mi2E54piJFLZkzDc1Ns5Uyj4BIGxWZmIGW8xzrQsBgzu7eVjw4b0B3rtGmUaPtipCP350TOlDF9FdpOxbBr/taG5n+1RobRYSsXcZohxPx7UZRJigkdpkTbQtswpE1FMK6F/SvlXaYZR5tl0Ybg/T15Evxq5ajiXVTLtbNxGgWySbbIHvHIAamRc1InPuHknjySZ/LiPDhPzqvz9t065YxnNsgvOe9fUwGePQ==</latexit><latexit sha1_base64="HjZqK0RlF+Wf9ESGbWb0uEWY1tA=">AAACF3icbZA9SwNBEIb3/IzxK2ppsxhFq3iXxg8QAlpYRvRUSMKxt5lLluzeHbtzQjjyM2z8KzYWKrba+W/cxBRqfGHh4Z0ZZucNUykMuu6nMzU9Mzs3X1goLi4tr6yW1tavTZJpDj5PZKJvQ2ZAihh8FCjhNtXAVCjhJuydDus3d6CNSOIr7KfQUqwTi0hwhtYKSvuXfaUAdZ+2IQKOx3TbDzq0iUKBoX6Qd3YH9GQE1OJ2UCq7FXckOgneGMpkrHpQ+mi2E54piJFLZkzDc1Ns5Uyj4BIGxWZmIGW8xzrQsBgzu7eVjw4b0B3rtGmUaPtipCP350TOlDF9FdpOxbBr/taG5n+1RobRYSsXcZohxPx7UZRJigkdpkTbQtswpE1FMK6F/SvlXaYZR5tl0Ybg/T15Evxq5ajiXVTLtbNxGgWySbbIHvHIAamRc1InPuHknjySZ/LiPDhPzqvz9t065YxnNsgvOe9fUwGePQ==</latexit>

,
<latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit>

Invertible symmetry:

Non-invertible symmetry:

TR, Shao, ‘20

Ta ⇥ Tb =
X

c

Tc

<latexit sha1_base64="SdeQIs3+hmJ5Sm690/Vlmckq1oc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiRS0Y1QdOOyQl/QhDCZTtqhM0mYuRFK6cKNv+LGhSJu/Qh3/o3TNgttPTBw7jn3cueeMBVcg+N8W4W19Y3NreJ2aWd3b//APjxq6yRTlLVoIhLVDYlmgsesBRwE66aKERkK1glHtzO/88CU5knchHHKfEkGMY84JWCkwC43A4I94JJp3AxCfI09ncmAmoIGdsWpOnPgVeLmpIJyNAL7y+snNJMsBiqI1j3XScGfEAWcCjYteZlmKaEjMmA9Q2NitvqT+RFTfGqUPo4SZV4MeK7+npgQqfVYhqZTEhjqZW8m/uf1Moiu/AmP0wxYTBeLokxgSPAsEdznilEQY0MIVdz8FdMhUYSCya1kQnCXT14l7fOqW6te3Ncq9Zs8jiIqoxN0hlx0ieroDjVQC1H0iJ7RK3qznqwX6936WLQWrHzmGP2B9fkDnKOWzg==</latexit>



General Statement

• Complete spectrum       no 1-form invertible electric 
global symmetry for G compact, connected Lie group 
or finite abelian group


• Complete spectrum       no 1-form (possibly non-
invertible) electric global symmetry for G compact 
Lie group


• So, the completeness hypothesis is equivalent to the 
absence of (possibly non-invertible) 1-form electric 
global symmetries 

,
<latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit>

,
<latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit><latexit sha1_base64="K3FDDk7I0DmNTXaSwCWvCWtR0h0=">AAAB+XicbVBNT8JAEN3iF+JX0aOXRjDxRFou6o1EDx48YGKFBBqyXbawYbvb7E4lpPJTvHhQ49V/4s1/4wI9KPiSSV7em8nMvDDhTIPrfluFtfWNza3idmlnd2//wC4fPmiZKkJ9IrlU7RBrypmgPjDgtJ0oiuOQ01Y4upr5rUeqNJPiHiYJDWI8ECxiBIORena52r2lESg2GAJWSo6rPbvi1tw5nFXi5aSCcjR79le3L0kaUwGEY607nptAkGEFjHA6LXVTTRNMRnhAO4YKHFMdZPPTp86pUfpOJJUpAc5c/T2R4VjrSRyazhjDUC97M/E/r5NCdBFkTCQpUEEWi6KUOyCdWQ5OnylKgE8MwUQxc6tDhlhhAiatkgnBW355lfj12mXNu6tXGtd5GkV0jE7QGfLQOWqgG9REPiJojJ7RK3qznqwX6936WLQWrHzmCP2B9fkDYDeToQ==</latexit>

TR, Shao, ’20

Heidenreich, McNamara, Montero, Reece, TR, Valenzuela, ‘21



Approximate Global 
Symmetries and the


Weak Gravity Conjecture




Weak Gravity Conjecture (WGC)

Arkani-Hamed, Motl, Nicolis, Vafa, ’06

In any d-dimensional U(1) gauge theory coupled to 
quantum gravity, there must exist a “superextremal” 
particle of charge q, mass m, with

coupling constant

charge quantum

(q = gn)
<latexit sha1_base64="92Wi3o0gxUFUSysRALdGwySHK24=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCOpBKAjisYJrK+1Ssmm2DU2ya5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLya+M0nqjSL5Z0ZJTQQuC9ZxAg2VnqoPqJL1EfyuFuuuDV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpwWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI96jFFieEjSzBRzN6KyAArTIzNqGRD8OZfXiT+Se2i5t2eVurXeRpFOIBDqIIHZ1CHG2iADwQEPMMrvDnKeXHenY9Za8HJZ/bhD5zPHyU+juA=</latexit><latexit sha1_base64="92Wi3o0gxUFUSysRALdGwySHK24=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCOpBKAjisYJrK+1Ssmm2DU2ya5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLya+M0nqjSL5Z0ZJTQQuC9ZxAg2VnqoPqJL1EfyuFuuuDV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpwWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI96jFFieEjSzBRzN6KyAArTIzNqGRD8OZfXiT+Se2i5t2eVurXeRpFOIBDqIIHZ1CHG2iADwQEPMMrvDnKeXHenY9Za8HJZ/bhD5zPHyU+juA=</latexit><latexit sha1_base64="92Wi3o0gxUFUSysRALdGwySHK24=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCOpBKAjisYJrK+1Ssmm2DU2ya5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLya+M0nqjSL5Z0ZJTQQuC9ZxAg2VnqoPqJL1EfyuFuuuDV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpwWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI96jFFieEjSzBRzN6KyAArTIzNqGRD8OZfXiT+Se2i5t2eVurXeRpFOIBDqIIHZ1CHG2iADwQEPMMrvDnKeXHenY9Za8HJZ/bhD5zPHyU+juA=</latexit><latexit sha1_base64="92Wi3o0gxUFUSysRALdGwySHK24=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahXsquCOpBKAjisYJrK+1Ssmm2DU2ya5IVytJf4cWDilf/jjf/jWm7B219MPB4b4aZeWHCmTau++0UlpZXVteK66WNza3tnfLu3r2OU0WoT2Ieq1aINeVMUt8ww2krURSLkNNmOLya+M0nqjSL5Z0ZJTQQuC9ZxAg2VnqoPqJL1EfyuFuuuDV3CrRIvJxUIEejW/7q9GKSCioN4VjrtucmJsiwMoxwOi51Uk0TTIa4T9uWSiyoDrLpwWN0ZJUeimJlSxo0VX9PZFhoPRKh7RTYDPS8NxH/89qpic6DjMkkNVSS2aIo5cjEaPI96jFFieEjSzBRzN6KyAArTIzNqGRD8OZfXiT+Se2i5t2eVurXeRpFOIBDqIIHZ1CHG2iADwQEPMMrvDnKeXHenY9Za8HJZ/bhD5zPHyU+juA=</latexit>
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Symmetry Breaking and the WGC
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<latexit sha1_base64="o4nBl4Lc/zpcQ+8BaiN6GCM48mw="></latexit><latexit sha1_base64="o4nBl4Lc/zpcQ+8BaiN6GCM48mw="></latexit><latexit sha1_base64="o4nBl4Lc/zpcQ+8BaiN6GCM48mw="></latexit><latexit sha1_base64="o4nBl4Lc/zpcQ+8BaiN6GCM48mw="></latexit>
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<latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit><latexit sha1_base64="ph7y7naw0ltKDRZLDNrANsnsmLE=">AAACBHicbVBNS8NAEN34WetX1KMeFovQeihJEdSDUBBEPVUwttDGsNlu2qWbTdjdCCXk4sW/4sWDild/hDf/jds2B219MPB4b4aZeX7MqFSW9W3MzS8sLi0XVoqra+sbm+bW9p2MEoGJgyMWiZaPJGGUE0dRxUgrFgSFPiNNf3A+8psPREga8Vs1jIkboh6nAcVIackz967v03KtknkEnsFOIBBOa1nay2D58KLimSWrao0BZ4mdkxLI0fDMr043wklIuMIMSdm2rVi5KRKKYkayYieRJEZ4gHqkrSlHIZFuOv4igwda6cIgErq4gmP190SKQimHoa87Q6T6ctobif957UQFJ25KeZwowvFkUZAwqCI4igR2qSBYsaEmCAuqb4W4j3QUSgdX1CHY0y/PEqdWPa3aN0el+lWeRgHsgn1QBjY4BnVwCRrAARg8gmfwCt6MJ+PFeDc+Jq1zRj6zA/7A+PwBveaWZA==</latexit>

g ! 0, m ! 1 )
<latexit sha1_base64="M4iCImeEdPE9RvK296HPk3fniAo=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCCylJEdRdQRcuqxhbaEqZTCft0MkkzJwoobTP4cZXceNCxZ248W2cXpDa+sPAz3fO4cz5g0RwDY7zbS0sLi2vrObW8usbm1vb9s7unY5TRZlHYxGrWkA0E1wyDzgIVksUI1EgWDXoXgzr1XumNI/lLWQJa0SkLXnIKQGDmnapjX3F2x0gSsUP2DkeDKJp4HMZQjbA/s0va9oFp+iMhOeNOzEFNFGlaX/6rZimEZNABdG67joJNHpEAaeC9fN+qllCaJe0Wd1YSSKmG73RbX18aEgLh7EyTwIe0emJHom0zqLAdEYEOnq2NoT/1eophGeNHpdJCkzS8aIwFRhiPAwKt7hiFERmDKGKm79i2iGKUDBx5k0I7uzJ88YrFc+L7vVJoXw5SSOH9tEBOkIuOkVldIUqyEMUPaJn9IrerCfrxXq3PsatC9ZkZg/9kfX1A4MXofQ=</latexit><latexit sha1_base64="M4iCImeEdPE9RvK296HPk3fniAo=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCCylJEdRdQRcuqxhbaEqZTCft0MkkzJwoobTP4cZXceNCxZ248W2cXpDa+sPAz3fO4cz5g0RwDY7zbS0sLi2vrObW8usbm1vb9s7unY5TRZlHYxGrWkA0E1wyDzgIVksUI1EgWDXoXgzr1XumNI/lLWQJa0SkLXnIKQGDmnapjX3F2x0gSsUP2DkeDKJp4HMZQjbA/s0va9oFp+iMhOeNOzEFNFGlaX/6rZimEZNABdG67joJNHpEAaeC9fN+qllCaJe0Wd1YSSKmG73RbX18aEgLh7EyTwIe0emJHom0zqLAdEYEOnq2NoT/1eophGeNHpdJCkzS8aIwFRhiPAwKt7hiFERmDKGKm79i2iGKUDBx5k0I7uzJ88YrFc+L7vVJoXw5SSOH9tEBOkIuOkVldIUqyEMUPaJn9IrerCfrxXq3PsatC9ZkZg/9kfX1A4MXofQ=</latexit><latexit sha1_base64="M4iCImeEdPE9RvK296HPk3fniAo=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCCylJEdRdQRcuqxhbaEqZTCft0MkkzJwoobTP4cZXceNCxZ248W2cXpDa+sPAz3fO4cz5g0RwDY7zbS0sLi2vrObW8usbm1vb9s7unY5TRZlHYxGrWkA0E1wyDzgIVksUI1EgWDXoXgzr1XumNI/lLWQJa0SkLXnIKQGDmnapjX3F2x0gSsUP2DkeDKJp4HMZQjbA/s0va9oFp+iMhOeNOzEFNFGlaX/6rZimEZNABdG67joJNHpEAaeC9fN+qllCaJe0Wd1YSSKmG73RbX18aEgLh7EyTwIe0emJHom0zqLAdEYEOnq2NoT/1eophGeNHpdJCkzS8aIwFRhiPAwKt7hiFERmDKGKm79i2iGKUDBx5k0I7uzJ88YrFc+L7vVJoXw5SSOH9tEBOkIuOkVldIUqyEMUPaJn9IrerCfrxXq3PsatC9ZkZg/9kfX1A4MXofQ=</latexit><latexit sha1_base64="M4iCImeEdPE9RvK296HPk3fniAo=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCCylJEdRdQRcuqxhbaEqZTCft0MkkzJwoobTP4cZXceNCxZ248W2cXpDa+sPAz3fO4cz5g0RwDY7zbS0sLi2vrObW8usbm1vb9s7unY5TRZlHYxGrWkA0E1wyDzgIVksUI1EgWDXoXgzr1XumNI/lLWQJa0SkLXnIKQGDmnapjX3F2x0gSsUP2DkeDKJp4HMZQjbA/s0va9oFp+iMhOeNOzEFNFGlaX/6rZimEZNABdG67joJNHpEAaeC9fN+qllCaJe0Wd1YSSKmG73RbX18aEgLh7EyTwIe0emJHom0zqLAdEYEOnq2NoT/1eophGeNHpdJCkzS8aIwFRhiPAwKt7hiFERmDKGKm79i2iGKUDBx5k0I7uzJ88YrFc+L7vVJoXw5SSOH9tEBOkIuOkVldIUqyEMUPaJn9IrerCfrxXq3PsatC9ZkZg/9kfX1A4MXofQ=</latexit>

d(⇤F ) = 0
<latexit sha1_base64="Us2/5t3B48MV9c3nZHZ9sCbi7wo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBaheihJEdSDUFDEYwVjC20om82mXbrZxN2NUEL/hBcPKl79Pd78N27bHLT1wcDjvRlm5vkJZ0rb9rdVWFpeWV0rrpc2Nre2d8q7ew8qTiWhLol5LNs+VpQzQV3NNKftRFIc+Zy2/OHVxG89UalYLO71KKFehPuChYxgbaR2UD25OUaXdq9csWv2FGiRODmpQI5mr/zVDWKSRlRowrFSHcdOtJdhqRnhdFzqpoommAxxn3YMFTiiysum947RkVECFMbSlNBoqv6eyHCk1CjyTWeE9UDNexPxP6+T6vDcy5hIUk0FmS0KU450jCbPo4BJSjQfGYKJZOZWRAZYYqJNRCUTgjP/8iJx67WLmnN3Wmlc52kU4QAOoQoOnEEDbqEJLhDg8Ayv8GY9Wi/Wu/Uxay1Y+cw+/IH1+QM5AY5S</latexit><latexit sha1_base64="Us2/5t3B48MV9c3nZHZ9sCbi7wo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBaheihJEdSDUFDEYwVjC20om82mXbrZxN2NUEL/hBcPKl79Pd78N27bHLT1wcDjvRlm5vkJZ0rb9rdVWFpeWV0rrpc2Nre2d8q7ew8qTiWhLol5LNs+VpQzQV3NNKftRFIc+Zy2/OHVxG89UalYLO71KKFehPuChYxgbaR2UD25OUaXdq9csWv2FGiRODmpQI5mr/zVDWKSRlRowrFSHcdOtJdhqRnhdFzqpoommAxxn3YMFTiiysum947RkVECFMbSlNBoqv6eyHCk1CjyTWeE9UDNexPxP6+T6vDcy5hIUk0FmS0KU450jCbPo4BJSjQfGYKJZOZWRAZYYqJNRCUTgjP/8iJx67WLmnN3Wmlc52kU4QAOoQoOnEEDbqEJLhDg8Ayv8GY9Wi/Wu/Uxay1Y+cw+/IH1+QM5AY5S</latexit><latexit sha1_base64="Us2/5t3B48MV9c3nZHZ9sCbi7wo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBaheihJEdSDUFDEYwVjC20om82mXbrZxN2NUEL/hBcPKl79Pd78N27bHLT1wcDjvRlm5vkJZ0rb9rdVWFpeWV0rrpc2Nre2d8q7ew8qTiWhLol5LNs+VpQzQV3NNKftRFIc+Zy2/OHVxG89UalYLO71KKFehPuChYxgbaR2UD25OUaXdq9csWv2FGiRODmpQI5mr/zVDWKSRlRowrFSHcdOtJdhqRnhdFzqpoommAxxn3YMFTiiysum947RkVECFMbSlNBoqv6eyHCk1CjyTWeE9UDNexPxP6+T6vDcy5hIUk0FmS0KU450jCbPo4BJSjQfGYKJZOZWRAZYYqJNRCUTgjP/8iJx67WLmnN3Wmlc52kU4QAOoQoOnEEDbqEJLhDg8Ayv8GY9Wi/Wu/Uxay1Y+cw+/IH1+QM5AY5S</latexit><latexit sha1_base64="Us2/5t3B48MV9c3nZHZ9sCbi7wo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBaheihJEdSDUFDEYwVjC20om82mXbrZxN2NUEL/hBcPKl79Pd78N27bHLT1wcDjvRlm5vkJZ0rb9rdVWFpeWV0rrpc2Nre2d8q7ew8qTiWhLol5LNs+VpQzQV3NNKftRFIc+Zy2/OHVxG89UalYLO71KKFehPuChYxgbaR2UD25OUaXdq9csWv2FGiRODmpQI5mr/zVDWKSRlRowrFSHcdOtJdhqRnhdFzqpoommAxxn3YMFTiiysum947RkVECFMbSlNBoqv6eyHCk1CjyTWeE9UDNexPxP6+T6vDcy5hIUk0FmS0KU450jCbPo4BJSjQfGYKJZOZWRAZYYqJNRCUTgjP/8iJx67WLmnN3Wmlc52kU4QAOoQoOnEEDbqEJLhDg8Ayv8GY9Wi/Wu/Uxay1Y+cw+/IH1+QM5AY5S</latexit>

) 1-form symmetry restored
<latexit sha1_base64="HCU2ef0TW0087RzCDpTsul9Lc4o=">AAACDnicbVC7TgJBFJ3FF+ILtbSZCBobyS6N2pFoYYlGhAQImR0uMGFmZzNzV0MIf2Djr9hYqLG1tvNvHB6FoieZ5OScezPnnjCWwqLvf3mphcWl5ZX0amZtfWNzK7u9c2t1YjhUuJba1EJmQYoIKihQQi02wFQooRr2z8d+9Q6MFTq6wUEMTcW6kegIztBJrexhvnEtuj1kxuj7PA2OO9ooagdKAZoBNWBRG2i3sjm/4E9A/5JgRnJkhnIr+9loa54oiJBLZm098GNsDplBwSWMMo3EQsx4n3Wh7mjEFNjmcHLPiB44pU1dEvcipBP158aQKesihm5SMezZeW8s/ufVE+ycNociihOEiE8/6iSSoqbjcmhbGOAoB44wboTLSnmPGcbRVZhxJQTzJ/8llWLhrBBcFXOli1kbabJH9skRCcgJKZFLUiYVwskDeSIv5NV79J69N+99OpryZju75Be8j2/kzJws</latexit><latexit sha1_base64="HCU2ef0TW0087RzCDpTsul9Lc4o=">AAACDnicbVC7TgJBFJ3FF+ILtbSZCBobyS6N2pFoYYlGhAQImR0uMGFmZzNzV0MIf2Djr9hYqLG1tvNvHB6FoieZ5OScezPnnjCWwqLvf3mphcWl5ZX0amZtfWNzK7u9c2t1YjhUuJba1EJmQYoIKihQQi02wFQooRr2z8d+9Q6MFTq6wUEMTcW6kegIztBJrexhvnEtuj1kxuj7PA2OO9ooagdKAZoBNWBRG2i3sjm/4E9A/5JgRnJkhnIr+9loa54oiJBLZm098GNsDplBwSWMMo3EQsx4n3Wh7mjEFNjmcHLPiB44pU1dEvcipBP158aQKesihm5SMezZeW8s/ufVE+ycNociihOEiE8/6iSSoqbjcmhbGOAoB44wboTLSnmPGcbRVZhxJQTzJ/8llWLhrBBcFXOli1kbabJH9skRCcgJKZFLUiYVwskDeSIv5NV79J69N+99OpryZju75Be8j2/kzJws</latexit><latexit sha1_base64="HCU2ef0TW0087RzCDpTsul9Lc4o=">AAACDnicbVC7TgJBFJ3FF+ILtbSZCBobyS6N2pFoYYlGhAQImR0uMGFmZzNzV0MIf2Djr9hYqLG1tvNvHB6FoieZ5OScezPnnjCWwqLvf3mphcWl5ZX0amZtfWNzK7u9c2t1YjhUuJba1EJmQYoIKihQQi02wFQooRr2z8d+9Q6MFTq6wUEMTcW6kegIztBJrexhvnEtuj1kxuj7PA2OO9ooagdKAZoBNWBRG2i3sjm/4E9A/5JgRnJkhnIr+9loa54oiJBLZm098GNsDplBwSWMMo3EQsx4n3Wh7mjEFNjmcHLPiB44pU1dEvcipBP158aQKesihm5SMezZeW8s/ufVE+ycNociihOEiE8/6iSSoqbjcmhbGOAoB44wboTLSnmPGcbRVZhxJQTzJ/8llWLhrBBcFXOli1kbabJH9skRCcgJKZFLUiYVwskDeSIv5NV79J69N+99OpryZju75Be8j2/kzJws</latexit><latexit sha1_base64="HCU2ef0TW0087RzCDpTsul9Lc4o=">AAACDnicbVC7TgJBFJ3FF+ILtbSZCBobyS6N2pFoYYlGhAQImR0uMGFmZzNzV0MIf2Djr9hYqLG1tvNvHB6FoieZ5OScezPnnjCWwqLvf3mphcWl5ZX0amZtfWNzK7u9c2t1YjhUuJba1EJmQYoIKihQQi02wFQooRr2z8d+9Q6MFTq6wUEMTcW6kegIztBJrexhvnEtuj1kxuj7PA2OO9ooagdKAZoBNWBRG2i3sjm/4E9A/5JgRnJkhnIr+9loa54oiJBLZm098GNsDplBwSWMMo3EQsx4n3Wh7mjEFNjmcHLPiB44pU1dEvcipBP158aQKesihm5SMezZeW8s/ufVE+ycNociihOEiE8/6iSSoqbjcmhbGOAoB44wboTLSnmPGcbRVZhxJQTzJ/8llWLhrBBcFXOli1kbabJH9skRCcgJKZFLUiYVwskDeSIv5NV79J69N+99OpryZju75Be8j2/kzJws</latexit>

Dµ = @µ + igAµ

<latexit sha1_base64="Rk+kLguqOlzxnpF+QJdl1VJBFII=">AAACCXicbVDLSgMxFM34rPU16tJNsAiCUGakohuhYhcuK9gHdIYhk6ZtaJIZkoxQhm7d+CtuXCji1j9w59+Ymc5CWw8ETs659yb3hDGjSjvOt7W0vLK6tl7aKG9ube/s2nv7bRUlEpMWjlgkuyFShFFBWppqRrqxJIiHjHTC8U3mdx6IVDQS93oSE5+joaADipE2UmDDRuDxBF5BL0ZSU8Ty6ymkcAivMx7YFafq5ICLxC1IBRRoBvaX149wwonQmCGleq4Taz/NpmNGpmUvUSRGeIyGpGeoQJwoP803mcJjo/ThIJLmCA1z9XdHirhSEx6aSo70SM17mfif10v04NJPqYgTTQSePTRIGNQRzGKBfSoJ1mxiCMKSmr9CPEISYW3CK5sQ3PmVF0n7rOrWqud3tUq9UcRRAofgCJwAF1yAOrgFTdACGDyCZ/AK3qwn68V6tz5mpUtW0XMA/sD6/AHmMpiS</latexit>

d(⇤F ) = �g ̄�µ 

<latexit sha1_base64="jhlAMBPrzSZOW0YK5JrpJ6qT69w=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpgmVGKroRCkJxWcE+oDOWO2laQ5OZIckIpfQP3Pgrblwo4tatO//GtJ2Fth64cHLOveTeE8ScKe0431ZmYXFpeSW7mltb39jcsrd36ipKJKE1EvFINgNQlLOQ1jTTnDZjSUEEnDaC/tXYbzxQqVgU3upBTH0BvZB1GQFtpLZ92Ckc48oRvsQnuIe9ACT2YsWw1wMh4M4TyeTdtvNO0ZkAzxM3JXmUotq2v7xORBJBQ004KNVynVj7Q5CaEU5HOS9RNAbShx5tGRqCoMofTu4Z4QOjdHA3kqZCjSfq74khCKUGIjCdAvS9mvXG4n9eK9HdC3/IwjjRNCTTj7oJxzrC43Bwh0lKNB8YAkQysysm9yCBaBNhzoTgzp48T+qnRbdUPLsp5cuVNI4s2kP7qIBcdI7K6BpVUQ0R9Iie0St6s56sF+vd+pi2Zqx0Zhf9gfX5A7H7mgU=</latexit>



Symmetry Breaking and the WGC

• To avoid approximate 1-form symmetry at the Planck 
scale, cannot have     too small or               too large 


• Can make this intuition more precise by studying the 
modification of the Ward identity due to charged 
particles, deriving the WGC bound


i.e., the average particle is superextremal

• Points towards stronger versions of the WGC 


Heidenreich, Reece, TR ’15,’16, Andriolo, Junghans, Noumi, Shiu '18

g
<latexit sha1_base64="lKP+lvfIo1skVUfiyeJqTetXoww=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0giMcWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmmrvL2zu7dfOTh80EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGis1B71K1a25M5Bl4hWkCgUavcpXt5+wLEZpmKBadzw3NUFOleFM4KTczTSmlI3oADuWShqjDvLZoRNyapU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQV5FymmUHJ5ouiTBCTkOnXpM8VMiPGllCmuL2VsCFVlBmbTdmG4C2+vEz889p1zWteVOu3RRolOIYTOAMPLqEOd9AAHxggPMMrvDmPzovz7nzMW1ecYuYI/sD5/AE8IIzD</latexit><latexit sha1_base64="lKP+lvfIo1skVUfiyeJqTetXoww=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0giMcWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmmrvL2zu7dfOTh80EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGis1B71K1a25M5Bl4hWkCgUavcpXt5+wLEZpmKBadzw3NUFOleFM4KTczTSmlI3oADuWShqjDvLZoRNyapU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQV5FymmUHJ5ouiTBCTkOnXpM8VMiPGllCmuL2VsCFVlBmbTdmG4C2+vEz889p1zWteVOu3RRolOIYTOAMPLqEOd9AAHxggPMMrvDmPzovz7nzMW1ecYuYI/sD5/AE8IIzD</latexit><latexit sha1_base64="lKP+lvfIo1skVUfiyeJqTetXoww=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0giMcWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmmrvL2zu7dfOTh80EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGis1B71K1a25M5Bl4hWkCgUavcpXt5+wLEZpmKBadzw3NUFOleFM4KTczTSmlI3oADuWShqjDvLZoRNyapU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQV5FymmUHJ5ouiTBCTkOnXpM8VMiPGllCmuL2VsCFVlBmbTdmG4C2+vEz889p1zWteVOu3RRolOIYTOAMPLqEOd9AAHxggPMMrvDmPzovz7nzMW1ecYuYI/sD5/AE8IIzD</latexit><latexit sha1_base64="lKP+lvfIo1skVUfiyeJqTetXoww=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q0giMcWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4bXPQ1gcDj/dmmJkXpoJr47rfzsrq2vrGZmmrvL2zu7dfOTh80EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfqtJ1SaJ/LejFMMYjqQPOKMGis1B71K1a25M5Bl4hWkCgUavcpXt5+wLEZpmKBadzw3NUFOleFM4KTczTSmlI3oADuWShqjDvLZoRNyapU+iRJlSxoyU39P5DTWehyHtjOmZqgXvan4n9fJTHQV5FymmUHJ5ouiTBCTkOnXpM8VMiPGllCmuL2VsCFVlBmbTdmG4C2+vEz889p1zWteVOu3RRolOIYTOAMPLqEOd9AAHxggPMMrvDmPzovz7nzMW1ecYuYI/sD5/AE8IIzD</latexit>

m/MPl
<latexit sha1_base64="uSH16INOn2T39PXkdIAhZqsZrhs=">AAAB93icbVBNS8NAEN3Ur1o/WvXoZbEInmoignorCOJFqGBsoQ1hs920SzebsDsRa8gv8eJBxat/xZv/xm2bg7Y+GHi8N8PMvCARXINtf1ulpeWV1bXyemVjc2u7WtvZvddxqihzaSxi1QmIZoJL5gIHwTqJYiQKBGsHo8uJ335gSvNY3sE4YV5EBpKHnBIwkl+rRsc3ftYD9ghZS+S5X6vbDXsKvEicgtRRgZZf++r1Y5pGTAIVROuuYyfgZUQBp4LllV6qWULoiAxY11BJIqa9bHp4jg+N0sdhrExJwFP190RGIq3HUWA6IwJDPe9NxP+8bgrhuZdxmaTAJJ0tClOBIcaTFHCfK0ZBjA0hVHFzK6ZDoggFk1XFhODMv7xI3JPGRcO5Pa03r4o0ymgfHaAj5KAz1ETXqIVcRFGKntErerOerBfr3fqYtZasYmYP/YH1+QN3QZMu</latexit><latexit sha1_base64="uSH16INOn2T39PXkdIAhZqsZrhs=">AAAB93icbVBNS8NAEN3Ur1o/WvXoZbEInmoignorCOJFqGBsoQ1hs920SzebsDsRa8gv8eJBxat/xZv/xm2bg7Y+GHi8N8PMvCARXINtf1ulpeWV1bXyemVjc2u7WtvZvddxqihzaSxi1QmIZoJL5gIHwTqJYiQKBGsHo8uJ335gSvNY3sE4YV5EBpKHnBIwkl+rRsc3ftYD9ghZS+S5X6vbDXsKvEicgtRRgZZf++r1Y5pGTAIVROuuYyfgZUQBp4LllV6qWULoiAxY11BJIqa9bHp4jg+N0sdhrExJwFP190RGIq3HUWA6IwJDPe9NxP+8bgrhuZdxmaTAJJ0tClOBIcaTFHCfK0ZBjA0hVHFzK6ZDoggFk1XFhODMv7xI3JPGRcO5Pa03r4o0ymgfHaAj5KAz1ETXqIVcRFGKntErerOerBfr3fqYtZasYmYP/YH1+QN3QZMu</latexit><latexit sha1_base64="uSH16INOn2T39PXkdIAhZqsZrhs=">AAAB93icbVBNS8NAEN3Ur1o/WvXoZbEInmoignorCOJFqGBsoQ1hs920SzebsDsRa8gv8eJBxat/xZv/xm2bg7Y+GHi8N8PMvCARXINtf1ulpeWV1bXyemVjc2u7WtvZvddxqihzaSxi1QmIZoJL5gIHwTqJYiQKBGsHo8uJ335gSvNY3sE4YV5EBpKHnBIwkl+rRsc3ftYD9ghZS+S5X6vbDXsKvEicgtRRgZZf++r1Y5pGTAIVROuuYyfgZUQBp4LllV6qWULoiAxY11BJIqa9bHp4jg+N0sdhrExJwFP190RGIq3HUWA6IwJDPe9NxP+8bgrhuZdxmaTAJJ0tClOBIcaTFHCfK0ZBjA0hVHFzK6ZDoggFk1XFhODMv7xI3JPGRcO5Pa03r4o0ymgfHaAj5KAz1ETXqIVcRFGKntErerOerBfr3fqYtZasYmYP/YH1+QN3QZMu</latexit><latexit sha1_base64="uSH16INOn2T39PXkdIAhZqsZrhs=">AAAB93icbVBNS8NAEN3Ur1o/WvXoZbEInmoignorCOJFqGBsoQ1hs920SzebsDsRa8gv8eJBxat/xZv/xm2bg7Y+GHi8N8PMvCARXINtf1ulpeWV1bXyemVjc2u7WtvZvddxqihzaSxi1QmIZoJL5gIHwTqJYiQKBGsHo8uJ335gSvNY3sE4YV5EBpKHnBIwkl+rRsc3ftYD9ghZS+S5X6vbDXsKvEicgtRRgZZf++r1Y5pGTAIVROuuYyfgZUQBp4LllV6qWULoiAxY11BJIqa9bHp4jg+N0sdhrExJwFP190RGIq3HUWA6IwJDPe9NxP+8bgrhuZdxmaTAJJ0tClOBIcaTFHCfK0ZBjA0hVHFzK6ZDoggFk1XFhODMv7xI3JPGRcO5Pa03r4o0ymgfHaAj5KAz1ETXqIVcRFGKntErerOerBfr3fqYtZasYmYP/YH1+QN3QZMu</latexit>

Córdova, Ohmori, TR, ‘22

D q

m

E
& 1

MPl

<latexit sha1_base64="bYgOt+Ri5j+8AEbW0TpJStgWDN0="></latexit>

Ug(S
d�q�1)

<latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit><latexit sha1_base64="VJjCTEgYUzRHhP8NH8dhWOnKVuY=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmKCB0hrTNQbiRe9YbRCAoVstwts2G7r7lZDGv6HFw9qvPpjvPlvXKAHBV8yyct7M5mZ58ecKW3b31ZuaXlldS2/XtjY3NreKe7u3asokYS6JOKRbPpYUc4EdTXTnDZjSXHoc9rwh5cTv/FIpWKRuNOjmHoh7gvWYwRrI3Xcbr9820mDykPFGR93iyW7ak+BFomTkRJkqHeLX+0gIklIhSYcK9Vy7Fh7KZaaEU7HhXaiaIzJEPdpy1CBQ6q8dHr1GB0ZJUC9SJoSGk3V3xMpDpUahb7pDLEeqHlvIv7ntRLdO/dSJuJEU0Fmi3oJRzpCkwhQwCQlmo8MwUQycysiAywx0SaoggnBmX95kbgn1Yuqc3Naql1naeThAA6hDA6cQQ2uoA4uEJDwDK/wZj1ZL9a79TFrzVnZzD78gfX5A10pkVY=</latexit>

V (C(q))
<latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit>

!g(V )⇥
<latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit>

!g(V )⇥
<latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit><latexit sha1_base64="nxP9bUoJ6XNF9U75/jFJPJFHNsw=">AAAB+nicbVBNS8NAEN3Ur1q/Yj16WSxCvZREBPVW8KK3CqYtNCFstpt06W427G7EEvpXvHhQ8eov8ea/cdvmoK0PBh7vzTAzL8oYVdpxvq3K2vrG5lZ1u7azu7d/YB/Wu0rkEhMPCyZkP0KKMJoST1PNSD+TBPGIkV40vpn5vUciFRXpg55kJOAoSWlMMdJGCu26LzhJUJg0u2fQ15QTFdoNp+XMAVeJW5IGKNEJ7S9/KHDOSaoxQ0oNXCfTQYGkppiRac3PFckQHqOEDAxNkVkSFPPbp/DUKEMYC2kq1XCu/p4oEFdqwiPTyZEeqWVvJv7nDXIdXwUFTbNckxQvFsU5g1rAWRBwSCXBmk0MQVhScyvEIyQR1iaumgnBXX55lXjnreuWe3/RaN+VaVTBMTgBTeCCS9AGt6ADPIDBE3gGr+DNmlov1rv1sWitWOXMEfgD6/MHgFCTqg==</latexit>

V (C(q))
<latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit><latexit sha1_base64="2ICBrp/bX0GZpVxVJos5EcRCRsg=">AAACDXicbVC7SgNBFJ2NrxhfUUubxRBImrArgtoFgmAZwTwgiWF2cpMMmX04c1cMy36Bjb9iY6Fia2/n3zi7SaGJBwYO59w7c+Y4geAKLevbyKysrq1vZDdzW9s7u3v5/YOm8kPJoMF84cu2QxUI7kEDOQpoBxKo6whoOZNa4rfuQSruezc4DaDn0pHHh5xR1FI/X+wiPGB6TyRhEEfNUtelOGZURLX4NirdleNy3M8XrIqVwlwm9pwUyBz1fv6rO/BZ6IKHTFClOrYVYC+iEjkTEOe6oYKAsgkdQUdTj7qgelEaIzaLWhmYQ1/q46GZqr83IuoqNXUdPZlEVYteIv7ndUIcnvci7gUhgsdmDw1DYaJvJt2YAy6BoZhqQpnkOqvJxlRShrrBnC7BXvzyMmmcVC4q9vVpoXo5byNLjsgxKRGbnJEquSJ10iCMPJJn8krejCfjxXg3PmajGWO+c0j+wPj8AXZ+nI8=</latexit>

⇡

<latexit sha1_base64="SRWvNz75D1yL3QwbjEKbvp2ANO8=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVih6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWrVy/tapX6Tx1GEEziFcwjgCupwBw1oAoExPMMrvHnKe/HevY9Fa8HLZ47hD7zPH5X6j74=</latexit>



Higher-Group Global 
Symmetries and Weak 

Gravity Conjecture Mixing




Higher-Group Symmetries

• Suppose we have a collection of pk-form U(1) 
global symmetries, k = 1, …, n


• Each may be coupled to a background (pk+1)-form 
gauge field 


• Gauge transformations may be “mixed up”:


• This is the hallmark of a higher-group symmetry

A(k)
pk+1 ! A(k)

pk+1 + d⇤(k)
pk

+
X

i

↵pk+1�pi(A
(j)
pj

)⇤pi + Schwinger terms,

<latexit sha1_base64="2A80bBpwP5iULeloLqzvLya62ts="></latexit>

A(k)
pk+1

<latexit sha1_base64="L11RmqOhoJzKGpURrZRxv5YnCwE=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEqQkmkosuqG5cV7APaGCbTSTtk8mBmUighf+LGhSJu/RN3/o3TNgttPXDhcM693HuPl3AmlWV9Gyura+sbm6Wt8vbO7t6+eXDYlnEqCG2RmMei62FJOYtoSzHFaTcRFIcepx0vuJv6nTEVksXRo5ok1AnxMGI+I1hpyTXNGzdL3ODczp+yanCWI9esWDVrBrRM7IJUoEDTNb/6g5ikIY0U4VjKnm0lysmwUIxwmpf7qaQJJgEe0p6mEQ6pdLLZ5Tk61coA+bHQFSk0U39PZDiUchJ6ujPEaiQXvan4n9dLlX/tZCxKUkUjMl/kpxypGE1jQAMmKFF8ogkmgulbERlhgYnSYZV1CPbiy8ukfVGz67XLh3qlcVvEUYJjOIEq2HAFDbiHJrSAwBie4RXejMx4Md6Nj3nrilHMHMEfGJ8/JZySsw==</latexit>

(i)

<latexit sha1_base64="jXz+r5wcF2dqspU+LK6Xh0iUmgQ=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqutOixoAePFewHtGvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ubX1jcyu/XdjZ3ds/KB4etbRMFKFNIrlUnQBrypmgTcMMp51YURwFnLaD8fXMbz9RpZkU92YSUz/CQ8FCRrCxUushLbPzab9YcivuHGiVeBkpQYZGv/jVG0iSRFQYwrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtFTii2k/n107RmVUGKJTKljBorv6eSHGk9SQKbGeEzUgvezPxP6+bmPDKT5mIE0MFWSwKE46MRLPX0YApSgyfWIKJYvZWREZYYWJsQAUbgrf88ippXVS8aqV2Vy3Vb7I48nACp1AGDy6hDrfQgCYQeIRneIU3RzovzrvzsWjNOdnMMfyB8/kDEcSO0A==</latexit>



Couple to background fields:

Background gauge transformations:

Example: Axion Electrodynamics

S =

Z

X

h 1

2g2
(F2 � a(e)2 ) ^ ?(F2 � a(e)2 )� 1

2
f2
✓ d✓ ^ ?d✓

<latexit sha1_base64="rnS2zimw/buKtLBf3jqyJGqB/ho="></latexit>

S =

Z

X

h
� 1

2g2
F ^ ?F � 1

2
f2
✓ d✓ ^ ?d✓ +

K

8⇡2
✓F ^ F

i

<latexit sha1_base64="Z0vijdE9gVvs3+piadO2tGtSYlg="></latexit>

� 1

2⇡
A2 ^ da(m)

2

i
+

K

8⇡2

Z

Y
d✓ ^ (F2 � a(e)2 )

<latexit sha1_base64="Wg7uMYovkqZQ1qThMfSI7udfZRo="></latexit>

� 1

2⇡
A2 ^ da(m)

2

i
+

K

8⇡2

Z

Y
d✓ ^ (F2 � a(e)2 )

<latexit sha1_base64="Wg7uMYovkqZQ1qThMfSI7udfZRo="></latexit>

� 1

2⇡
✓ ^ dc(m)

3

<latexit sha1_base64="FvGM1ws0PpZjth/H2WqPsGH5hmM=">AAACE3icbVDJSgNBEO2Je9yiHr00BkEFw4wLehS9eIxgYiATQ09PTdKkZ6G7RgnD/IMXf8WLB0W8evHm39hZDhp9UPB4r4qqel4ihUbb/rIKU9Mzs3PzC8XFpeWV1dLael3HqeJQ47GMVcNjGqSIoIYCJTQSBSz0JNx4vYuBf3MHSos4usZ+Aq2QdSIRCM7QSO3S3j51A8V45uTZgZuInLrYBWTUvQe/A9SnvH14m+2Eu3m7VLYr9hD0L3HGpEzGqLZLn64f8zSECLlkWjcdO8FWxhQKLiEvuqmGhPEe60DT0IiFoFvZ8KecbhvFp0GsTEVIh+rPiYyFWvdDz3SGDLt60huI/3nNFIPTViaiJEWI+GhRkEqKMR0ERH2hgKPsG8K4EuZWyrvMRIQmxqIJwZl8+S+pH1Sco8rx1VH57HwcxzzZJFtkhzjkhJyRS1IlNcLJA3kiL+TVerSerTfrfdRasMYzG+QXrI9v5K2c6w==</latexit>

S =

Z

X

h 1

2g2
(F2 � a(e)2 ) ^ ?(F2 � a(e)2 )� 1

2
f2
✓ d✓ ^ ?d✓

<latexit sha1_base64="rnS2zimw/buKtLBf3jqyJGqB/ho="></latexit>

�

<latexit sha1_base64="Sup0RgcrLap2bPEZQUcYuFqAbUo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArET0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6WvUr5ql4pVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3cljLk=</latexit>

a(e)2 ! a(e)2 + d�(e)
1

<latexit sha1_base64="7qEmRO86YdFg0chPntOVzX/Xafs=">AAACHHicbZDLSgMxFIYzXmu9jbp0EyxCRSgztaLLohuXFewF2nE4k0nb0MyFJKOUoQ/ixldx40IRNy4E38a0HVBbfwj8fOecJOf3Ys6ksqwvY2FxaXllNbeWX9/Y3No2d3YbMkoEoXUS8Ui0PJCUs5DWFVOctmJBIfA4bXqDy3G9eUeFZFF4o4YxdQLohazLCCiNXPME3PJtWqRHI9wRrNdXIER0j3/oMfZxh+sLfXDtKXPNglWyJsLzxs5MAWWqueZHx49IEtBQEQ5Stm0rVk4KQjHC6SjfSSSNgQygR9vahhBQ6aST5Ub4UBMfdyOhT6jwhP6eSCGQchh4ujMA1ZeztTH8r9ZOVPfcSVkYJ4qGZPpQN+FYRXicFPaZoETxoTZABNN/xaQPAojSeeZ1CPbsyvOmUS7ZldLpdaVQvcjiyKF9dICKyEZnqIquUA3VEUEP6Am9oFfj0Xg23oz3aeuCkc3soT8yPr8BpCCf2g==</latexit>

c(m)
3 ! c(m)

3 + d�(m)
2 � K

2⇡
a(e)2 ^ �(e)

1 � K

4⇡
�(e)
1 ^ d�(e)

1

<latexit sha1_base64="QcWyfFasCYWtSKR3xyyxVNuDQvc="></latexit>



Gauge invariant field strengths:

f (m)
d�1 = da(m)

d�2 +
K

2⇡
c(e)d�3 ^ a(e)2

g(m)
4 = dc(m)

3 +
K

4⇡
a(e)2 ^ a(e)2

<latexit sha1_base64="C812FHi5r/FKivSSyU9uRfc/vhk="></latexit>

Turning on background for          leads to background for           .

This implies a relation on the emergence scales of the electric 1-
form symmetry for  and the magnetic 2-form symmetry for :A1 θ

f (m)
d�1 = da(m)

d�2 +
K

2⇡
c(e)d�3 ^ a(e)2

g(m)
4 = dc(m)

3 +
K

4⇡
a(e)2 ^ a(e)2

<latexit sha1_base64="C812FHi5r/FKivSSyU9uRfc/vhk=">AAACi3icdVFda9swFJW9rUvTdc3Wx76Iho6OsmA7GQmjg7AxKOwlhaYtxKmR5WtXVP5AkjeC8J/ZT9rb/s3kxIUmbS8IDufoniudGxacSeU4/yz7xctXW69b2+2dN7tv9zrv3l/KvBQUpjTnubgOiQTOMpgqpjhcFwJIGnK4Cu++1/rVLxCS5dmFWhQwT0mSsZhRogwVdP7EgY4+udWNPk4/VvjDVxxhUlPePXWC/VgQqn9W2s N+wSpMa71f62B0/zdECZgmryGw77eTQA/WPE1P/wnHwcrRTPSe9Qs6XafnLAs/Bm4DuqipSdD560c5LVPIFOVEypnrFGquiVCMcqjafimhIPSOJDAzMCMpyLleZlnhI8NEOM6FOZnCS/ZhhyaplIs0NDdTom7lplaTT2mzUsWjuWZZUSrI6GpQXHKsclwvBkdMAFV8YQChgpm3YnpLTE7KrK9tQnA3v/wYXHo9d9D7fD7ojr81cbTQATpEx8hFQzRGZ2iCpohaLatnDa2RvWv37S/26eqqbTU9+2it7B//Ae1IvwE=</latexit>

f (m)
d�1 = da(m)

d�2 +
K

2⇡
c(e)d�3 ^ a(e)2

g(m)
4 = dc(m)

3 +
K

4⇡
a(e)2 ^ a(e)2

<latexit sha1_base64="C812FHi5r/FKivSSyU9uRfc/vhk="></latexit>

Brennan, Córdova ‘20

⇤e
A . ⇤m

✓

<latexit sha1_base64="YzE/N1SlncZyK469QenBFbgyjQo=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwCruiaBm1sbCIYB6QTcLs5CYZMrO7zNwVQsgX2PgrNhaK2Frb+TdOHoImHhg4nHMud+4JYikMuu6Xk1paXlldS69nNja3tneyu3sVEyWaQ5lHMtK1gBmQIoQyCpRQizUwFUioBv2rsV+9B21EFN7hIIaGYt1QdARnaKVWNu/f2HCbtS6aQH0Jxhih6I/oYw+QNVUrm3ML7gR0kXgzkiMzlFrZT78d8URBiFwyY+qeG2NjyDQKLmGU8RMDMeN91oW6pSFTYBrDyTkjmrdKm3YibV+IdKL+nhgyZcxABTapGPbMvDcW//PqCXbOG0MRxglCyKeLOomkGNFxN7QtNHCUA0sY18L+lfIe04yjbTBjS/DmT14kleOCd1I4vT3JFS9ndaTJATkkR8QjZ6RIrkmJlAknD+SJvJBX59F5dt6c92k05cxm9skfOB/fzdqb+g==</latexit>

f (e)
3 = da(e)2

<latexit sha1_base64="2jopgCDQ+Y4TmciW29PJo/TC8Go=">AAACAHicbVDLSsNAFL3xWesr6sKFm8Ei1E1JakU3QtGNywr2AW0Mk+mkHTp5MDMRSsjGX3HjQhG3foY7/8Zpm4W2Hrhw5px7mXuPF3MmlWV9G0vLK6tr64WN4ubW9s6uubffklEiCG2SiEei42FJOQtpUzHFaScWFAcep21vdDPx249USBaF92ocUyfAg5D5jGClJdc89N2zh7RMTzN0hfoIu9XZyzVLVsWaAi0SOyclyNFwza9ePyJJQENFOJaya1uxclIsFCOcZsVeImmMyQgPaFfTEAdUOun0gAydaKWP/EjoChWaqr8nUhxIOQ483RlgNZTz3kT8z+smyr90UhbGiaIhmX3kJxypCE3SQH0mKFF8rAkmguldERligYnSmRV1CPb8yYukVa3Ytcr5Xa1Uv87jKMARHEMZbLiAOtxCA5pAIINneIU348l4Md6Nj1nrkpHPHMAfGJ8/x6CUnA==</latexit>

Example: Axion Electrodynamics



Higher-Group Scale Relations

• Have from consistency of the higher-group structure:

• 1-form electric symmetry of A is broken by charged particles:

m . ⇤e
A

<latexit sha1_base64="t+IUrWAjk/B1DgUwdXf+koHEtlo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRS0WXVjQsXFewD2hgmk5t26EwSZiZCCcWNv+LGhSJu/Qp3/o3Tx0JbDwwczrmHO/cEKWdKO863tbC4tLyyWlgrrm9sbm3bO7sNlWSSQp0mPJGtgCjgLIa6ZppDK5VARMChGfSvRn7zAaRiSXynByl4gnRjFjFKtJF8e1/gDgelFDPkxuRC4ucXw3vAvl1yys4YeJ64U1JCU9R8+6sTJjQTEGvKiVJt10m1lxOpGeUwLHYyBSmhfdKFtqExEaC8fHzCEB8ZJcRRIs2LNR6rvxM5EUoNRGAmBdE9NeuNxP+8dqajcy9ncZppiOlkUZRxrBM86gOHTALVfGAIoZKZv2LaI5JQbVormhLc2ZPnSeOk7FbKp7eVUvVyWkcBHaBDdIxcdIaq6BrVUB1R9Iie0St6s56sF+vd+piMLljTzB76A+vzB2lKls4=</latexit>

• 2-form magnetic symmetry of  is broken at or below the 
charged string scale:

θ

⇤e
A . ⇤m

✓

<latexit sha1_base64="YzE/N1SlncZyK469QenBFbgyjQo=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwCruiaBm1sbCIYB6QTcLs5CYZMrO7zNwVQsgX2PgrNhaK2Frb+TdOHoImHhg4nHMud+4JYikMuu6Xk1paXlldS69nNja3tneyu3sVEyWaQ5lHMtK1gBmQIoQyCpRQizUwFUioBv2rsV+9B21EFN7hIIaGYt1QdARnaKVWNu/f2HCbtS6aQH0Jxhih6I/oYw+QNVUrm3ML7gR0kXgzkiMzlFrZT78d8URBiFwyY+qeG2NjyDQKLmGU8RMDMeN91oW6pSFTYBrDyTkjmrdKm3YibV+IdKL+nhgyZcxABTapGPbMvDcW//PqCXbOG0MRxglCyKeLOomkGNFxN7QtNHCUA0sY18L+lfIe04yjbTBjS/DmT14kleOCd1I4vT3JFS9ndaTJATkkR8QjZ6RIrkmJlAknD+SJvJBX59F5dt6c92k05cxm9skfOB/fzdqb+g==</latexit>

⇤m
✓ . Ms ⌘

p
2⇡T

<latexit sha1_base64="BQzPAUPz8gOmSpZiiOV73uwsfM8=">AAACHHicbVA9SwNBFNyLXzF+RS1tFoNgFe40oqVoY6EQIVEhF4+9zYtZsnt37r4LhCM/xMa/YmOhiI2F4L9xE1No4sDCMDOPt2/CRAqDrvvl5GZm5+YX8ouFpeWV1bXi+saViVPNoc5jGeubkBmQIoI6CpRwk2hgKpRwHXZPh/51D7QRcVTDfgJNxe4i0RacoZWC4r5/bsMtFvjYAWS3ivoSjDFC0YvAUB/uU9GjvrnXmO1RPxG0NgiKJbfsjkCniTcmJTJGNSh++K2Ypwoi5JIZ0/DcBJsZ0yi4hEHBTw0kjHfZHTQsjZgC08xGxw3ojlVatB1r+yKkI/X3RMaUMX0V2qRi2DGT3lD8z2uk2D5qZiJKUoSI/yxqp5JiTIdN0ZbQwFH2LWFcC/tXyjtMM462z4ItwZs8eZpc7ZW9SvngslI6PhnXkSdbZJvsEo8ckmNyRqqkTjh5IE/khbw6j86z8+a8/0Rzznhmk/yB8/kNVS2hhA==</latexit>

) m . Ms

<latexit sha1_base64="2n2K0CdqXwp2ThZlyD+9S2Yk/ww=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KolUdFl040aoYh/QhDCZTtqh8wgzE6WUght/xY0LRdz6E+78G6dtFtp64MLhnHu59544ZVQbz/t2FhaXlldWC2vF9Y3NrW13Z7ehZaYwqWPJpGrFSBNGBakbahhppYogHjPSjPuXY795T5SmUtyZQUpCjrqCJhQjY6XI3Q9uabdnkFLyAXIYMKK1phxeRzpyS17ZmwDOEz8nJZCjFrlfQUfijBNhMENat30vNeEQKUMxI6NikGmSItxHXdK2VCBOdDic/DCCR1bpwEQqW8LAifp7Yoi41gMe206OTE/PemPxP6+dmeQ8HFKRZoYIPF2UZAwaCceBwA5VBBs2sARhRe2tEPeQQtjY2Io2BH/25XnSOCn7lfLpTaVUvcjjKIADcAiOgQ/OQBVcgRqoAwwewTN4BW/Ok/PivDsf09YFJ5/ZA3/gfP4AoLKXhA==</latexit>

Brennan, Córdova ’20



WGC Mixing in 4d

f✓Sinst . MPl

<latexit sha1_base64="BWxAwwnFaKT5nEIjzYrEsVprQrM=">AAACGHicbVDLSsNAFJ3Ud31FXboZLIKrmkhFl4IIboSKVoWmhMn0ph06eTBzI5aQz3Djr7hxoYhbd/6N0xpBrQcGDufcy51zglQKjY7zYVWmpmdm5+YXqotLyyur9tr6lU4yxaHFE5mom4BpkCKGFgqUcJMqYFEg4ToYHI/861tQWiTxJQ5T6ESsF4tQcIZG8u3d0PewD8johZ97CHeYi1hjUVBPgtZaRPTs22jKovDtmlN3xqCTxC1JjZRo+va71014FkGMXDKt266TYidnCgWXUFS9TEPK+ID1oG1ozCLQnXwcrKDbRunSMFHmxUjH6s+NnEVaD6PATEYM+/qvNxL/89oZhocdkzTNEGL+dSjMJMWEjlqiXaGAoxwawrgS5q+U95liHE2XVVOC+zfyJLnaq7uN+v55o3Z0UtYxTzbJFtkhLjkgR+SUNEmLcHJPHskzebEerCfr1Xr7Gq1Y5c4G+QXr/RO2Z6F5</latexit>

T . f✓MPl

<latexit sha1_base64="7fpglu7CjelVtDMnknaf2qxIlqk=">AAACDHicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI8BEbwIEfKCJITZSW8yZPbBTK8Ylv0AL/6KFw+KePUDvPk3TpI9aGLBQFFVTU+XG0mh0ba/rdzK6tr6Rn6zsLW9s7tX3D9o6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+mvqte1BahEEdJxH0fDYMhCc4QyP1i6U67UrQWgufev2kiyNAltLbKYUHTGoyTU3KLtsz0GXiZKREMtT6xa/uIOSxDwFyybTuOHaEvYQpFFxCWujGGiLGx2wIHUMD5oPuJbNjUnpilAH1QmVegHSm/p5ImK/1xHdN0mc40oveVPzP68ToXfYSEUQxQsDni7xYUgzptBk6EAo4yokhjCth/kr5iCnG0fRXMCU4iycvk+ZZ2amUz+8qpep1VkeeHJFjckocckGq5IbUSINw8kieySt5s56sF+vd+phHc1Y2c0j+wPr8AUTZm8w=</latexit>

Sinst ⇠ 8⇡2/g2

<latexit sha1_base64="M7GBAeSQeiC9S2lWmJV0urauAxg=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWdKxS4LIrisaB/QaUsmTdvQZGZI7ohl6NaNv+LGhSJu/QN3/o1pOwttPRA4nHMvN+f4keAaHOfbyqysrq1vZDdzW9s7u3v2/kFdh7GirEZDEaqmTzQTPGA14CBYM1KMSF+whj+6nPqNe6Y0D4M7GEesLckg4H1OCRipa+PbbuIBe4CEBxomE+xpLnEZexHvFM8GnWLXzjsFZwa8TNyU5FGKatf+8nohjSULgAqidct1ImgnRAGngk1yXqxZROiIDFjL0IBIptvJLMkEnxilh/uhMi8APFN/byREaj2WvpmUBIZ60ZuK/3mtGPrltskYxcACOj/UjwWGEE9rwT2uGAUxNoRQxc1fMR0SRSiY8nKmBHcx8jKpFwtuqXB+U8pXrtI6sugIHaNT5KILVEHXqIpqiKJH9Ixe0Zv1ZL1Y79bHfDRjpTuH6A+szx+Z75mf</latexit>

Axion WGC:

WGC for strings:

Further assume:

) T . g2

8⇡2
MPl

<latexit sha1_base64="YsvtafsfNihLPfWqsC++plIFz58="></latexit>

) Ms ⇠
p
2⇡T ⇠ gMPl

<latexit sha1_base64="HvwUjrH5Qs/qULYdVOiEvFGDidk="></latexit>

) T . g2

8⇡2
MPl

<latexit sha1_base64="YsvtafsfNihLPfWqsC++plIFz58="></latexit>

) Ms ⇠
p
2⇡T ⇠ gMPl

<latexit sha1_base64="HvwUjrH5Qs/qULYdVOiEvFGDidk="></latexit>

) Ms ⇠
p
2⇡T ⇠ gMPl

<latexit sha1_base64="HvwUjrH5Qs/qULYdVOiEvFGDidk="></latexit>

M2
Pl

<latexit sha1_base64="eDZndfPjkDqvHeKNIQSYz0IMsLU=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lKRY8FEbwIFewHtDFstpt26WYTdidqifkpXjwo4tVf4s1/47bNQVsfDDzem2Fmnh9zpsC2v43Cyura+kZxs7S1vbO7Z5b32ypKJKEtEvFIdn2sKGeCtoABp91YUhz6nHb88cXU79xTqVgkbmESUzfEQ8ECRjBoyTPL117aB/oIMkybPMvuap5Zsav2DNYycXJSQTmanvnVH0QkCakAwrFSPceOwU2xBEY4zUr9RNEYkzEe0p6mAodUuens9Mw61srACiKpS4A1U39PpDhUahL6ujPEMFKL3lT8z+slEJy7KRNxAlSQ+aIg4RZE1jQHa8AkJcAnmmAimb7VIiMsMQGdVkmH4Cy+vEzatapTr57e1CuNyzyOIjpER+gEOegMNdAVaqIWIugBPaNX9GY8GS/Gu/Exby0Y+cwB+gPj8werLJRI</latexit>

Heidenreich, Reece, TR ’21, Kaya, TR ‘22

S =

Z

X

h
� 1

2g2
F ^ ?F � 1

2
f2
✓ d✓ ^ ?d✓ +

K

8⇡2
✓F ^ F

i

<latexit sha1_base64="Z0vijdE9gVvs3+piadO2tGtSYlg="></latexit>

m . Ms . gMPl

<latexit sha1_base64="ByMELzxwA2ngn59CmL6fUNOftlQ=">AAACEnicbVDLSgNBEJz1GeMr6tHLYBD0EnYlosegFy9CBPOAJITZSScZMrO7zPSKYdlv8OKvePGgiFdP3vwbJw9QEwsGqqu66enyIykMuu6Xs7C4tLyymlnLrm9sbm3ndnarJow1hwoPZajrPjMgRQAVFCihHmlgypdQ8weXI792B9qIMLjFYQQtxXqB6ArO0Ert3LGiTQnGGKHoddv8FD1bJk2Ee9QqKcs0befybsEdg84Tb0ryZIpyO/fZ7IQ8VhAgl8yYhudG2EqYRsElpNlmbCBifMB60LA0YApMKxmflNJDq3RoN9T2BUjH6u+JhCljhsq3nYph38x6I/E/rxFj97yViCCKEQI+WdSNJcWQjvKhHaGBoxxawrgW9q+U95lmHG2KWRuCN3vyPKmeFLxi4fSmmC9dTOPIkH1yQI6IR85IiVyRMqkQTh7IE3khr86j8+y8Oe+T1gVnOrNH/sD5+AZZRZ3w</latexit>

Higher-group: ) Ms ⇠
p
2⇡T ⇠ gMPl

<latexit sha1_base64="HvwUjrH5Qs/qULYdVOiEvFGDidk="></latexit>

WGC for A1!

Fan, Fraser, Reece, Stout  ‘21



Chern-Weil Global 
Symmetries and Dissolved 

Branes




Chern-Weil Global Symmetries

• Gauge theories have conserved currents of the form


• Their conservation follows from Bianchi identities, 
e.g.


• In quantum gravity, we expect these symmetries 
must be either gauged or broken

J = Tr(F k)
<latexit sha1_base64="CuI6rjeQ5d9lXlpMWqIXrLFGpNI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0Wol5KIoB6EgiLiqUJjC20sm+2mXbr5YHcihlD/ihcPKl79I978N27bHLT1wcDjvRlm5nmx4Aos69tYWFxaXlktrBXXNza3ts2d3TsVJZIyh0Yiki2PKCZ4yBzgIFgrlowEnmBNb3gx9psPTCoehQ1IY+YGpB9yn1MCWuqaJXyDz3EH2CNkDTmqXN0PD7tm2apaE+B5YuekjHLUu+ZXpxfRJGAhUEGUattWDG5GJHAq2KjYSRSLCR2SPmtrGpKAKTebHD/CB1rpYT+SukLAE/X3REYCpdLA050BgYGa9cbif147Af/UzXgYJ8BCOl3kJwJDhMdJ4B6XjIJINSFUcn0rpgMiCQWdV1GHYM++PE+co+pZ1b49Ltcu8zQKaA/towqy0QmqoWtURw6iKEXP6BW9GU/Gi/FufExbF4x8poT+wPj8ATC/k2U=</latexit><latexit sha1_base64="CuI6rjeQ5d9lXlpMWqIXrLFGpNI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0Wol5KIoB6EgiLiqUJjC20sm+2mXbr5YHcihlD/ihcPKl79I978N27bHLT1wcDjvRlm5nmx4Aos69tYWFxaXlktrBXXNza3ts2d3TsVJZIyh0Yiki2PKCZ4yBzgIFgrlowEnmBNb3gx9psPTCoehQ1IY+YGpB9yn1MCWuqaJXyDz3EH2CNkDTmqXN0PD7tm2apaE+B5YuekjHLUu+ZXpxfRJGAhUEGUattWDG5GJHAq2KjYSRSLCR2SPmtrGpKAKTebHD/CB1rpYT+SukLAE/X3REYCpdLA050BgYGa9cbif147Af/UzXgYJ8BCOl3kJwJDhMdJ4B6XjIJINSFUcn0rpgMiCQWdV1GHYM++PE+co+pZ1b49Ltcu8zQKaA/towqy0QmqoWtURw6iKEXP6BW9GU/Gi/FufExbF4x8poT+wPj8ATC/k2U=</latexit><latexit sha1_base64="CuI6rjeQ5d9lXlpMWqIXrLFGpNI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0Wol5KIoB6EgiLiqUJjC20sm+2mXbr5YHcihlD/ihcPKl79I978N27bHLT1wcDjvRlm5nmx4Aos69tYWFxaXlktrBXXNza3ts2d3TsVJZIyh0Yiki2PKCZ4yBzgIFgrlowEnmBNb3gx9psPTCoehQ1IY+YGpB9yn1MCWuqaJXyDz3EH2CNkDTmqXN0PD7tm2apaE+B5YuekjHLUu+ZXpxfRJGAhUEGUattWDG5GJHAq2KjYSRSLCR2SPmtrGpKAKTebHD/CB1rpYT+SukLAE/X3REYCpdLA050BgYGa9cbif147Af/UzXgYJ8BCOl3kJwJDhMdJ4B6XjIJINSFUcn0rpgMiCQWdV1GHYM++PE+co+pZ1b49Ltcu8zQKaA/towqy0QmqoWtURw6iKEXP6BW9GU/Gi/FufExbF4x8poT+wPj8ATC/k2U=</latexit><latexit sha1_base64="CuI6rjeQ5d9lXlpMWqIXrLFGpNI=">AAAB+3icbVBNS8NAEN34WetXtEcvi0Wol5KIoB6EgiLiqUJjC20sm+2mXbr5YHcihlD/ihcPKl79I978N27bHLT1wcDjvRlm5nmx4Aos69tYWFxaXlktrBXXNza3ts2d3TsVJZIyh0Yiki2PKCZ4yBzgIFgrlowEnmBNb3gx9psPTCoehQ1IY+YGpB9yn1MCWuqaJXyDz3EH2CNkDTmqXN0PD7tm2apaE+B5YuekjHLUu+ZXpxfRJGAhUEGUattWDG5GJHAq2KjYSRSLCR2SPmtrGpKAKTebHD/CB1rpYT+SukLAE/X3REYCpdLA050BgYGa9cbif147Af/UzXgYJ8BCOl3kJwJDhMdJ4B6XjIJINSFUcn0rpgMiCQWdV1GHYM++PE+co+pZ1b49Ltcu8zQKaA/towqy0QmqoWtURw6iKEXP6BW9GU/Gi/FufExbF4x8poT+wPj8ATC/k2U=</latexit>

:= Tr(F ^ F... ^ F| {z }
k

)

<latexit sha1_base64="eCTTr701icMkevTcAntJC515stI=">AAACKHicbVDLSsNAFJ34rPVVdelmsAi6CYkIPkAoKOJSwarQlDKZ3Nahk0mYuVFLyO+48VfcKKi49UucPhBfBwbOPede7twTplIY9Lx3Z2x8YnJqujRTnp2bX1isLC1fmCTTHOo8kYm+CpkBKRTUUaCEq1QDi0MJl2H3sO9f3oA2IlHn2EuhGbOOEm3BGVqpVantH9AA4Q7zc11sBJmKbDNg3i3yYRFqxiE/psEtRB2gx9R13a+iKDZblarnegPQv8QfkSoZ4bRVeQ6ihGcxKOSSGdPwvRSbOdMouISiHGQGUsa7rAMNSxWLwTTzwaUFXbdKRNuJtk8hHajfJ3IWG9OLQ9sZM7w2v72++J/XyLC928yFSjMExYeL2pmkmNB+bDQSGjjKniWMa2H/Svk1s9mgzatsQ/B/n/yX1LfcPdc/267WjkZplMgqWSMbxCc7pEZOyCmpE07uySN5Ia/Og/PkvDnvw9YxZzSzQn7A+fgENXymJA==</latexit><latexit sha1_base64="eCTTr701icMkevTcAntJC515stI=">AAACKHicbVDLSsNAFJ34rPVVdelmsAi6CYkIPkAoKOJSwarQlDKZ3Nahk0mYuVFLyO+48VfcKKi49UucPhBfBwbOPede7twTplIY9Lx3Z2x8YnJqujRTnp2bX1isLC1fmCTTHOo8kYm+CpkBKRTUUaCEq1QDi0MJl2H3sO9f3oA2IlHn2EuhGbOOEm3BGVqpVantH9AA4Q7zc11sBJmKbDNg3i3yYRFqxiE/psEtRB2gx9R13a+iKDZblarnegPQv8QfkSoZ4bRVeQ6ihGcxKOSSGdPwvRSbOdMouISiHGQGUsa7rAMNSxWLwTTzwaUFXbdKRNuJtk8hHajfJ3IWG9OLQ9sZM7w2v72++J/XyLC928yFSjMExYeL2pmkmNB+bDQSGjjKniWMa2H/Svk1s9mgzatsQ/B/n/yX1LfcPdc/267WjkZplMgqWSMbxCc7pEZOyCmpE07uySN5Ia/Og/PkvDnvw9YxZzSzQn7A+fgENXymJA==</latexit><latexit sha1_base64="eCTTr701icMkevTcAntJC515stI=">AAACKHicbVDLSsNAFJ34rPVVdelmsAi6CYkIPkAoKOJSwarQlDKZ3Nahk0mYuVFLyO+48VfcKKi49UucPhBfBwbOPede7twTplIY9Lx3Z2x8YnJqujRTnp2bX1isLC1fmCTTHOo8kYm+CpkBKRTUUaCEq1QDi0MJl2H3sO9f3oA2IlHn2EuhGbOOEm3BGVqpVantH9AA4Q7zc11sBJmKbDNg3i3yYRFqxiE/psEtRB2gx9R13a+iKDZblarnegPQv8QfkSoZ4bRVeQ6ihGcxKOSSGdPwvRSbOdMouISiHGQGUsa7rAMNSxWLwTTzwaUFXbdKRNuJtk8hHajfJ3IWG9OLQ9sZM7w2v72++J/XyLC928yFSjMExYeL2pmkmNB+bDQSGjjKniWMa2H/Svk1s9mgzatsQ/B/n/yX1LfcPdc/267WjkZplMgqWSMbxCc7pEZOyCmpE07uySN5Ia/Og/PkvDnvw9YxZzSzQn7A+fgENXymJA==</latexit><latexit sha1_base64="eCTTr701icMkevTcAntJC515stI=">AAACKHicbVDLSsNAFJ34rPVVdelmsAi6CYkIPkAoKOJSwarQlDKZ3Nahk0mYuVFLyO+48VfcKKi49UucPhBfBwbOPede7twTplIY9Lx3Z2x8YnJqujRTnp2bX1isLC1fmCTTHOo8kYm+CpkBKRTUUaCEq1QDi0MJl2H3sO9f3oA2IlHn2EuhGbOOEm3BGVqpVantH9AA4Q7zc11sBJmKbDNg3i3yYRFqxiE/psEtRB2gx9R13a+iKDZblarnegPQv8QfkSoZ4bRVeQ6ihGcxKOSSGdPwvRSbOdMouISiHGQGUsa7rAMNSxWLwTTzwaUFXbdKRNuJtk8hHajfJ3IWG9OLQ9sZM7w2v72++J/XyLC928yFSjMExYeL2pmkmNB+bDQSGjjKniWMa2H/Svk1s9mgzatsQ/B/n/yX1LfcPdc/267WjkZplMgqWSMbxCc7pEZOyCmpE07uySN5Ia/Og/PkvDnvw9YxZzSzQn7A+fgENXymJA==</latexit>
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J = H ^ F

<latexit sha1_base64="eEuBc+JYx+ivZubib2CDV4vgnc0=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkohehoEjxVMF+QBvLZjNpl242YXdjKaH/w4sHRbz6X7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7K6tr6R3yxsbe/s7hX3D5oqSiSFBo14JNseUcCZgIZmmkM7lkBCj0PLG15P/dYTSMUi8aDHMbgh6QsWMEq0kR7v8BWu4e4I/D7g216xZJftGfAycTJSQhnqveJX149oEoLQlBOlOo4dazclUjPKYVLoJgpiQoekDx1DBQlBuens6gk+MYqPg0iaEhrP1N8TKQmVGoee6QyJHqhFbyr+53USHVy6KRNxokHQ+aIg4VhHeBoB9pkEqvnYEEIlM7diOiCSUG2CKpgQnMWXl0nzrOxUyuf3lVL1Josjj47QMTpFDrpAVVRDddRAFEn0jF7RmzWyXqx362PemrOymUP0B9bnDzdGkQ0=</latexit>

dF = 0 , dH = 0 , dF + [A,F ] = 0

<latexit sha1_base64="4eS7fjCJRywW2khgcxxbyHLrtwA=">AAACDnicbVDLSgMxFM3UV62vUZdugqUgWMqMVHRTqCilywr2AdOhZDKZNjTzIMkIZWh/wI2/4saFIm5du/NvTNtZ1NYDF07OuZfce5yIUSEN40fLrK1vbG5lt3M7u3v7B/rhUUuEMcekiUMW8o6DBGE0IE1JJSOdiBPkO4y0neHt1G8/Ei5oGDzIUURsH/UD6lGMpJJ6esGFNViBRrdYnEwmLqwvPGrn0Lop1uyK0dPzRsmYAa4SMyV5kKLR07+7bohjnwQSMySEZRqRtBPEJcWMjHPdWJAI4SHqE0vRAPlE2MnsnDEsKMWFXshVBRLO1MWJBPlCjHxHdfpIDsSyNxX/86xYetd2QoMoliTA84+8mEEZwmk20KWcYMlGiiDMqdoV4gHiCEuVYE6FYC6fvEpaFyWzXLq8L+erd2kcWXACTsEZMMEVqII6aIAmwOAJvIA38K49a6/ah/Y5b81o6cwx+APt6xfk0JhA</latexit>

J = F ^ F

<latexit sha1_base64="+1Po5LShphrlltOBooeupSQene4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4KokouhGKCgirirYC7ShTCYn7dDJJMxMlBr6JG5cKOLWR3Hn2zhts9DWHwY+/nMO58zvJ5wp7TjfVmFpeWV1rbhe2tjc2i7bO7tNFaeSQoPGPJZtnyjgTEBDM82hnUggkc+h5Q8vJ/XWA0jFYnGvRwl4EekLFjJKtLF6dvkWX+Br3H2EoA8GenbFqTpT4UVwc6igXPWe/dUNYppGIDTlRKmO6yTay4jUjHIYl7qpgoTQIelDx6AgESgvmx4+xofGCXAYS/OExlP390RGIqVGkW86I6IHar42Mf+rdVIdnnsZE0mqQdDZojDlWMd4kgIOmASq+cgAoZKZWzEdEEmoNlmVTAju/JcXoXlcdU+qp3cnldpVHkcR7aMDdIRcdIZq6AbVUQNRlKJn9IrerCfrxXq3PmatBSuf2UN/ZH3+AAVpkWY=</latexit>



CW Symmetries in Type IIA SUGRA

• Consider CW current                , where                    
is the gauge-invariant 4-form field strength


• Naively gauged via CS coupling

• But, broken by D4-branes, 

• Resolution: additional D4 worldvolume d.o.f.:


• Gauged 7-form current instead given by

G4 ^H3

<latexit sha1_base64="P+V/nnEhf0sh8n8MxZne8XF5OBc=">AAAB9XicbVBNS8NAEN3Ur1q/qh69LBbBU0m0oseCgj1WsB/QxrDZTNqlm03Y3VhK6P/w4kERr/4Xb/4bt20OWn0w8Hhvhpl5fsKZ0rb9ZRVWVtfWN4qbpa3tnd298v5BW8WppNCiMY9l1ycKOBPQ0kxz6CYSSORz6Pij65nfeQSpWCzu9SQBNyIDwUJGiTbSw61Xw/0xBAPADe/cK1fsqj0H/kucnFRQjqZX/uwHMU0jEJpyolTPsRPtZkRqRjlMS/1UQULoiAygZ6ggESg3m189xSdGCXAYS1NC47n6cyIjkVKTyDedEdFDtezNxP+8XqrDKzdjIkk1CLpYFKYc6xjPIsABk0A1nxhCqGTmVkyHRBKqTVAlE4Kz/PJf0j6rOrXqxV2tUr/J4yiiI3SMTpGDLlEdNVATtRBFEj2hF/Rqja1n6816X7QWrHzmEP2C9fENzCORbA==</latexit>

G4 = dC3 + ...

<latexit sha1_base64="liMTL7SEhAiJn9Xe80wBGOST1+4=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBEEISRa0Y1QqKDLCvYBbQiTyaQdOnkwMymU0D9x40IRt/6JO//GaZuFth64cDjnXu69x085k8q2v42V1bX1jc3SVnl7Z3dv3zw4bMkkE4Q2ScIT0fGxpJzFtKmY4rSTCoojn9O2P6xP/faICsmS+EmNU+pGuB+zkBGstOSZ5r1XRbcoQHXvEp1bluWZFduyZ0DLxClIBQo0PPOrFyQki2isCMdSdh07VW6OhWKE00m5l0maYjLEfdrVNMYRlW4+u3yCTrUSoDARumKFZurviRxHUo4jX3dGWA3kojcV//O6mQpv3JzFaaZoTOaLwowjlaBpDChgghLFx5pgIpi+FZEBFpgoHVZZh+AsvrxMWheWU7WuHquV2l0RRwmO4QTOwIFrqMEDNKAJBEbwDK/wZuTGi/FufMxbV4xi5gj+wPj8AUgUkNo=</latexit>

C3 ^G4 ^H3

<latexit sha1_base64="IZFBPML97G+myXB+FPsDnUxcAqU=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EiuCqJreiyUMEuK9gLtCFMJift0MmFmYlSQnHjq7hxoYhbn8Kdb+P0ImjrDwMf/zmHM+f3Es6ksqwvY2l5ZXVtPbeR39za3tk19/abMk4FhQaNeSzaHpHAWQQNxRSHdiKAhB6HljeojuutOxCSxdGtGibghKQXsYBRorTlmodVt4S79+D3AF+75R+suSXXLFhFayK8CPYMCmimumt+dv2YpiFEinIiZce2EuVkRChGOYzy3VRCQuiA9KCjMSIhSCebnDDCJ9rxcRAL/SKFJ+7viYyEUg5DT3eGRPXlfG1s/lfrpCq4dDIWJamCiE4XBSnHKsbjPLDPBFDFhxoIFUz/FdM+EYQqnVpeh2DPn7wIzbOiXS6e35QLlatZHDl0hI7RKbLRBaqgGqqjBqLoAT2hF/RqPBrPxpvxPm1dMmYzB+iPjI9vaAOViA==</latexit>

d(G4 ^H3) = �
D4
5 ^H3 6= 0

<latexit sha1_base64="ErSiXd9gSvaH5Hgz4wbR/wGoZM8="></latexit>

SCS =

Z

D4
(C5 � C3 ^ FDp + C1 ^ FDp ^ FDp)

<latexit sha1_base64="j+ZmLNrpOrZAC6xihLCJPc5sDvU="></latexit>

G4 ^H3 + FDp ^ �
D4
5

<latexit sha1_base64="Z6zbInqSo/LempS3bKCLY3/FrPg="></latexit>

Heidenreich, McNamara, Montero, Reece, TR, Valenzuela, ‘20



Dissolved Branes

• More generally, consistent gauging and breaking of CW 
symmetries implies:

• the existence of certain extended objects

• the existence of worldvolume degrees of freedom

• the ability for certain bulk degrees of freedom to dissolve/

end on others

• In theories with higher-form abelian gauge fields, such as 

Type II supergravity, these consistency conditions lead to a 
cascade of dissolved charges, reproducing much of the 
known structure of D-brane interactions in Type II string 
theory
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Conclusions




The Big Picture

• Our understanding of quantum field theory has been 
revolutionized in recent years by the discovery and 
development of generalized notions of global symmetries


• Meanwhile, recent years have seen renewed interest in 
identifying universal features of quantum gravity


• In this talk, I have argued that these two areas of research 
are closely related:

• Much of our understanding of quantum gravity can be 

viewed as a consequence of the absence of global 
symmetries


• Generalized global symmetries hold power not only for 
QFT, but also for quantum gravity


• For more, see Miguel Montero’s discussion session on 
“Strings and the Real World”



Thank You!



