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Flux attachment

boson + flux

=

fermion

what about criticality? 
lorentz invariance?
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Relativistic flux attachment at criticality
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Significant evidence for 3d bosonization:

Theory A:

Theory B:

(free fermion)
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(U(1)1 + “WF” scalar)

[Aharony `15]
fermion = monopole



An abelian duality web

[Karch, Tong] 
[Seiberg, Senthil, Wang, Witten] 
(see also [Murugan, Nastase])

free  $ U(1)1 with critical �
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Treat A = B as a seed duality
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An abelian duality web

[Karch, Tong] 
[Seiberg, Senthil, Wang, Witten] 
(see also [Murugan, Nastase])

free  $ U(1)1 with critical �
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Treat A = B as a seed duality

Particle/vortex
[Peskin ’78] 
[Dasgupta, Halperin ’81]
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An abelian duality web

[Karch, Tong] 
[Seiberg, Senthil, Wang, Witten] 
(see also [Murugan, Nastase])

free  $ U(1)1 with critical �
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Treat A = B as a seed duality

Particle/vortex
[Peskin ’78] 
[Dasgupta, Halperin ’81]

[Son], [Metlitski, Vishwanath] ‘15

free  $ U(1)� 1
2
with  
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An abelian duality web

free  $ U(1)1 with critical �
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Treat A = B as a seed duality

(3d bosonization)2 = particle/vortex duality
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Non-abelian bosonization in three dimensions

SU(N)
�k+

Nf
2

with Nf  $ U(k)N with Nf �
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Abelian seed is N=k=Nf=1 limit of a sequence:

baryons = monopoles
Some evidence: 
 - Large N correlation functions, high T 
 - Nf=1: Vasiliev dual; inherited from Seiberg duality 
 - Massive phases are TFTs, match 
 - global symmetries, `t Hooft anomalies match 
 - embed into AdS/CFT [KJ, Karch]

[Aharony, Benini, 
Giombi, Gur-Ari, Hsin, 
Jain, Maldacena,  
Minwalla, Seiberg, 
Sharma, Trivedi, Wadia,  
Yacoby, Yin, Yokoyama, 
Zhiboedov, …]
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Q: Non-abelian duality web?
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Outline

1. Abelian bosonization 

2. Quivers 

3. A master duality 

4. A fun example 

5. The future
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Outline

1. Abelian bosonization 

2. Quivers 

3. A master duality 

4. A fun example 

5. The future
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New dualities from old

Global symmetry: 

SU(N)
�k+

Nf
2

with Nf  $ U(k)N with Nf �
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Gauge global symmetries on both sides

[KJ, Karch]

[Benini, Hsin, Seiberg]
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Quiver duality

set N ! N1 , k ! k1 , Nf ! k2
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gauge U(k2) global symmetry:
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Quiver triality

set N ! N1 , k ! k1 , Nf ! k2
<latexit sha1_base64="u270OJJ4OTc66+xYe0KLHtTPXII=">AAACE3icbZDNSsNAFIUn/tb6F3XpZrAIgqEkRVB3RTeuSgVjC00Ik+mkHTqZhJmJUEIfwo2v4saFils37nwbp2kW2nph4PCde7lzT5gyKpVtfxtLyyura+uVjerm1vbOrrm3fy+TTGDi4oQlohsiSRjlxFVUMdJNBUFxyEgnHF1P/c4DEZIm/E6NU+LHaMBpRDFSGgXmaQt6KoGtwPEsC3qWZ40KMCqAZ2knKkEjMGt23S4KLgqnFDVQVjswv7x+grOYcIUZkrLn2KnycyQUxYxMql4mSYrwCA1IT0uOYiL9vDhqAo816cMoEfpxBQv6eyJHsZTjONSdMVJDOe9N4X9eL1PRhZ9TnmaKcDxbFGUM6iOnCcE+FQQrNtYCYUH1XyEeIoGw0jlWdQjO/MmLwm3UL+vO7VmteVWmUQGH4AicAAecgya4AW3gAgwewTN4BW/Gk/FivBsfs9Ylo5w5AH/K+PwB4U2aiw==</latexit><latexit sha1_base64="u270OJJ4OTc66+xYe0KLHtTPXII=">AAACE3icbZDNSsNAFIUn/tb6F3XpZrAIgqEkRVB3RTeuSgVjC00Ik+mkHTqZhJmJUEIfwo2v4saFils37nwbp2kW2nph4PCde7lzT5gyKpVtfxtLyyura+uVjerm1vbOrrm3fy+TTGDi4oQlohsiSRjlxFVUMdJNBUFxyEgnHF1P/c4DEZIm/E6NU+LHaMBpRDFSGgXmaQt6KoGtwPEsC3qWZ40KMCqAZ2knKkEjMGt23S4KLgqnFDVQVjswv7x+grOYcIUZkrLn2KnycyQUxYxMql4mSYrwCA1IT0uOYiL9vDhqAo816cMoEfpxBQv6eyJHsZTjONSdMVJDOe9N4X9eL1PRhZ9TnmaKcDxbFGUM6iOnCcE+FQQrNtYCYUH1XyEeIoGw0jlWdQjO/MmLwm3UL+vO7VmteVWmUQGH4AicAAecgya4AW3gAgwewTN4BW/Gk/FivBsfs9Ylo5w5AH/K+PwB4U2aiw==</latexit><latexit sha1_base64="u270OJJ4OTc66+xYe0KLHtTPXII=">AAACE3icbZDNSsNAFIUn/tb6F3XpZrAIgqEkRVB3RTeuSgVjC00Ik+mkHTqZhJmJUEIfwo2v4saFils37nwbp2kW2nph4PCde7lzT5gyKpVtfxtLyyura+uVjerm1vbOrrm3fy+TTGDi4oQlohsiSRjlxFVUMdJNBUFxyEgnHF1P/c4DEZIm/E6NU+LHaMBpRDFSGgXmaQt6KoGtwPEsC3qWZ40KMCqAZ2knKkEjMGt23S4KLgqnFDVQVjswv7x+grOYcIUZkrLn2KnycyQUxYxMql4mSYrwCA1IT0uOYiL9vDhqAo816cMoEfpxBQv6eyJHsZTjONSdMVJDOe9N4X9eL1PRhZ9TnmaKcDxbFGUM6iOnCcE+FQQrNtYCYUH1XyEeIoGw0jlWdQjO/MmLwm3UL+vO7VmteVWmUQGH4AicAAecgya4AW3gAgwewTN4BW/Gk/FivBsfs9Ylo5w5AH/K+PwB4U2aiw==</latexit><latexit sha1_base64="u270OJJ4OTc66+xYe0KLHtTPXII=">AAACE3icbZDNSsNAFIUn/tb6F3XpZrAIgqEkRVB3RTeuSgVjC00Ik+mkHTqZhJmJUEIfwo2v4saFils37nwbp2kW2nph4PCde7lzT5gyKpVtfxtLyyura+uVjerm1vbOrrm3fy+TTGDi4oQlohsiSRjlxFVUMdJNBUFxyEgnHF1P/c4DEZIm/E6NU+LHaMBpRDFSGgXmaQt6KoGtwPEsC3qWZ40KMCqAZ2knKkEjMGt23S4KLgqnFDVQVjswv7x+grOYcIUZkrLn2KnycyQUxYxMql4mSYrwCA1IT0uOYiL9vDhqAo816cMoEfpxBQv6eyJHsZTjONSdMVJDOe9N4X9eL1PRhZ9TnmaKcDxbFGUM6iOnCcE+FQQrNtYCYUH1XyEeIoGw0jlWdQjO/MmLwm3UL+vO7VmteVWmUQGH4AicAAecgya4AW3gAgwewTN4BW/Gk/FivBsfs9Ylo5w5AH/K+PwB4U2aiw==</latexit>

gauge U(k2) global symmetry:
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A web of quiver dualities

Nice result: one can dualize quivers node-by-node 

However, unlike 3d SUSY dualities, there  
do not appear to be quiver dualities that do 
not come from gauging global symmetries

15



Outline

1. Abelian bosonization 

2. Quivers 

3. A master duality 

4. A fun example 

5. The future
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A master bosonization duality

Dualities with both fundamental bosons, fermions?
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A master bosonization duality

[KJ] 
[Benini]

Proposal:

SU(N)
�k+

Nf
2

with Nf  , Ns � $ U(k)N�Ns
2

with Ns , Nf �
<latexit sha1_base64="bWnsEKvSW3n7lrfsPLt3VSAJN2Y="></latexit><latexit sha1_base64="bWnsEKvSW3n7lrfsPLt3VSAJN2Y="></latexit><latexit sha1_base64="bWnsEKvSW3n7lrfsPLt3VSAJN2Y="></latexit><latexit sha1_base64="bWnsEKvSW3n7lrfsPLt3VSAJN2Y="></latexit>

(see also [Jain, Minwalla, Yokoyama])

(Nf  k , Ns  N , (Nf , Ns) 6= (k,N))
<latexit sha1_base64="NRshzpCsKntrT2oVWHwJIbr6/pg=">AAACJHicbZDNSsNAFIUn/tb6V3XpZrAILYSSiKCCi6IbV6WCsYUmhMl00g6dTOLMRCihL+PGV3HjwooLNz6L0zaItl4YOHznXu7cEySMSmVZn8bS8srq2npho7i5tb2zW9rbv5dxKjBxcMxi0Q6QJIxy4iiqGGkngqAoYKQVDK4nfuuRCEljfqeGCfEi1OM0pBgpjfzSZaXhh9Bl5AEOXNOErumasOHLGWr8oEmbqXkVulwblYHZqFb9UtmqWdOCi8LORRnk1fRLY7cb4zQiXGGGpOzYVqK8DAlFMSOjoptKkiA8QD3S0ZKjiEgvm145gseadGEYC/24glP6eyJDkZTDKNCdEVJ9Oe9N4H9eJ1XhuZdRnqSKcDxbFKYMqhhOIoNdKghWbKgFwoLqv0LcRwJhpYMt6hDs+ZMXhXNSu6jZt6fl+lWeRgEcgiNQATY4A3VwA5rAARg8gRfwBsbGs/FqvBsfs9YlI585AH/K+PoGAiSfng==</latexit><latexit sha1_base64="NRshzpCsKntrT2oVWHwJIbr6/pg=">AAACJHicbZDNSsNAFIUn/tb6V3XpZrAILYSSiKCCi6IbV6WCsYUmhMl00g6dTOLMRCihL+PGV3HjwooLNz6L0zaItl4YOHznXu7cEySMSmVZn8bS8srq2npho7i5tb2zW9rbv5dxKjBxcMxi0Q6QJIxy4iiqGGkngqAoYKQVDK4nfuuRCEljfqeGCfEi1OM0pBgpjfzSZaXhh9Bl5AEOXNOErumasOHLGWr8oEmbqXkVulwblYHZqFb9UtmqWdOCi8LORRnk1fRLY7cb4zQiXGGGpOzYVqK8DAlFMSOjoptKkiA8QD3S0ZKjiEgvm145gseadGEYC/24glP6eyJDkZTDKNCdEVJ9Oe9N4H9eJ1XhuZdRnqSKcDxbFKYMqhhOIoNdKghWbKgFwoLqv0LcRwJhpYMt6hDs+ZMXhXNSu6jZt6fl+lWeRgEcgiNQATY4A3VwA5rAARg8gRfwBsbGs/FqvBsfs9YlI585AH/K+PoGAiSfng==</latexit><latexit sha1_base64="NRshzpCsKntrT2oVWHwJIbr6/pg=">AAACJHicbZDNSsNAFIUn/tb6V3XpZrAILYSSiKCCi6IbV6WCsYUmhMl00g6dTOLMRCihL+PGV3HjwooLNz6L0zaItl4YOHznXu7cEySMSmVZn8bS8srq2npho7i5tb2zW9rbv5dxKjBxcMxi0Q6QJIxy4iiqGGkngqAoYKQVDK4nfuuRCEljfqeGCfEi1OM0pBgpjfzSZaXhh9Bl5AEOXNOErumasOHLGWr8oEmbqXkVulwblYHZqFb9UtmqWdOCi8LORRnk1fRLY7cb4zQiXGGGpOzYVqK8DAlFMSOjoptKkiA8QD3S0ZKjiEgvm145gseadGEYC/24glP6eyJDkZTDKNCdEVJ9Oe9N4H9eJ1XhuZdRnqSKcDxbFKYMqhhOIoNdKghWbKgFwoLqv0LcRwJhpYMt6hDs+ZMXhXNSu6jZt6fl+lWeRgEcgiNQATY4A3VwA5rAARg8gRfwBsbGs/FqvBsfs9YlI585AH/K+PoGAiSfng==</latexit><latexit sha1_base64="NRshzpCsKntrT2oVWHwJIbr6/pg=">AAACJHicbZDNSsNAFIUn/tb6V3XpZrAILYSSiKCCi6IbV6WCsYUmhMl00g6dTOLMRCihL+PGV3HjwooLNz6L0zaItl4YOHznXu7cEySMSmVZn8bS8srq2npho7i5tb2zW9rbv5dxKjBxcMxi0Q6QJIxy4iiqGGkngqAoYKQVDK4nfuuRCEljfqeGCfEi1OM0pBgpjfzSZaXhh9Bl5AEOXNOErumasOHLGWr8oEmbqXkVulwblYHZqFb9UtmqWdOCi8LORRnk1fRLY7cb4zQiXGGGpOzYVqK8DAlFMSOjoptKkiA8QD3S0ZKjiEgvm145gseadGEYC/24glP6eyJDkZTDKNCdEVJ9Oe9N4H9eJ1XhuZdRnqSKcDxbFKYMqhhOIoNdKghWbKgFwoLqv0LcRwJhpYMt6hDs+ZMXhXNSu6jZt6fl+lWeRgEcgiNQATY4A3VwA5rAARg8gRfwBsbGs/FqvBsfs9YlI585AH/K+PoGAiSfng==</latexit>

Flavor bounds:

Dualities with both fundamental bosons, fermions?

Reduce to Aharony’s when Ns=0
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A master bosonization duality

Proposal:

SU(N)
�k+

Nf
2

with Nf  , Ns � $ U(k)N�Ns
2

with Ns , Nf �
<latexit sha1_base64="bWnsEKvSW3n7lrfsPLt3VSAJN2Y="></latexit><latexit sha1_base64="bWnsEKvSW3n7lrfsPLt3VSAJN2Y="></latexit><latexit sha1_base64="bWnsEKvSW3n7lrfsPLt3VSAJN2Y="></latexit><latexit sha1_base64="bWnsEKvSW3n7lrfsPLt3VSAJN2Y="></latexit>

Dualities with both fundamental bosons, fermions?

V (|�|2)� �( ̄ · �)(�† ·  )
<latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit>

Ṽ (|�|2) + �̃( ̄ · �)(�† · )
<latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit>
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A master bosonization duality

Dualities with both fundamental bosons, fermions?

V (|�|2)� �( ̄ · �)(�† ·  )
<latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit>

Ṽ (|�|2) + �̃( ̄ · �)(�† · )
<latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit>

Marginal at large N 
Sign is important
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A master bosonization duality

Dualities with both fundamental bosons, fermions?

V (|�|2)� �( ̄ · �)(�† ·  )
<latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit>

Ṽ (|�|2) + �̃( ̄ · �)(�† · )
<latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit>

In Higgs phase, SU(N) ! SU(N �Ns)
<latexit sha1_base64="Ta602dkg73wREiczFM5y3XCbpcY=">AAAB+nicbZDLSsNAFIZP6q3WW6xLN4NFaBeWRAR1V3TjqlQ0ttCGMJlO26GTCzMTsYS+ihsXKm59Ene+jZM2C239YeDjP+cw5/x+zJlUlvVtFFZW19Y3ipulre2d3T1zv/wgo0QQ6pCIR6LjY0k5C6mjmOK0EwuKA5/Ttj++zurtRyoki8J7NYmpG+BhyAaMYKUtzyzfOdVmracilMFJ05M1z6xYdWsmtAx2DhXI1fLMr14/IklAQ0U4lrJrW7FyUywUI5xOS71E0hiTMR7SrsYQB1S66Wz3KTrWTh8NIqFfqNDM/T2R4kDKSeDrzgCrkVysZeZ/tW6iBhduysI4UTQk848GCUf61CwI1GeCEsUnGjARTO+KyAgLTJSOq6RDsBdPXgbntH5Zt2/PKo2rPI0iHMIRVMGGc2jADbTAAQJP8Ayv8GZMjRfj3fiYtxaMfOYA/sj4/AGfB5Jt</latexit><latexit sha1_base64="Ta602dkg73wREiczFM5y3XCbpcY=">AAAB+nicbZDLSsNAFIZP6q3WW6xLN4NFaBeWRAR1V3TjqlQ0ttCGMJlO26GTCzMTsYS+ihsXKm59Ene+jZM2C239YeDjP+cw5/x+zJlUlvVtFFZW19Y3ipulre2d3T1zv/wgo0QQ6pCIR6LjY0k5C6mjmOK0EwuKA5/Ttj++zurtRyoki8J7NYmpG+BhyAaMYKUtzyzfOdVmracilMFJ05M1z6xYdWsmtAx2DhXI1fLMr14/IklAQ0U4lrJrW7FyUywUI5xOS71E0hiTMR7SrsYQB1S66Wz3KTrWTh8NIqFfqNDM/T2R4kDKSeDrzgCrkVysZeZ/tW6iBhduysI4UTQk848GCUf61CwI1GeCEsUnGjARTO+KyAgLTJSOq6RDsBdPXgbntH5Zt2/PKo2rPI0iHMIRVMGGc2jADbTAAQJP8Ayv8GZMjRfj3fiYtxaMfOYA/sj4/AGfB5Jt</latexit><latexit sha1_base64="Ta602dkg73wREiczFM5y3XCbpcY=">AAAB+nicbZDLSsNAFIZP6q3WW6xLN4NFaBeWRAR1V3TjqlQ0ttCGMJlO26GTCzMTsYS+ihsXKm59Ene+jZM2C239YeDjP+cw5/x+zJlUlvVtFFZW19Y3ipulre2d3T1zv/wgo0QQ6pCIR6LjY0k5C6mjmOK0EwuKA5/Ttj++zurtRyoki8J7NYmpG+BhyAaMYKUtzyzfOdVmracilMFJ05M1z6xYdWsmtAx2DhXI1fLMr14/IklAQ0U4lrJrW7FyUywUI5xOS71E0hiTMR7SrsYQB1S66Wz3KTrWTh8NIqFfqNDM/T2R4kDKSeDrzgCrkVysZeZ/tW6iBhduysI4UTQk848GCUf61CwI1GeCEsUnGjARTO+KyAgLTJSOq6RDsBdPXgbntH5Zt2/PKo2rPI0iHMIRVMGGc2jADbTAAQJP8Ayv8GZMjRfj3fiYtxaMfOYA/sj4/AGfB5Jt</latexit><latexit sha1_base64="Ta602dkg73wREiczFM5y3XCbpcY=">AAAB+nicbZDLSsNAFIZP6q3WW6xLN4NFaBeWRAR1V3TjqlQ0ttCGMJlO26GTCzMTsYS+ihsXKm59Ene+jZM2C239YeDjP+cw5/x+zJlUlvVtFFZW19Y3ipulre2d3T1zv/wgo0QQ6pCIR6LjY0k5C6mjmOK0EwuKA5/Ttj++zurtRyoki8J7NYmpG+BhyAaMYKUtzyzfOdVmracilMFJ05M1z6xYdWsmtAx2DhXI1fLMr14/IklAQ0U4lrJrW7FyUywUI5xOS71E0hiTMR7SrsYQB1S66Wz3KTrWTh8NIqFfqNDM/T2R4kDKSeDrzgCrkVysZeZ/tW6iBhduysI4UTQk848GCUf61CwI1GeCEsUnGjARTO+KyAgLTJSOq6RDsBdPXgbntH5Zt2/PKo2rPI0iHMIRVMGGc2jADbTAAQJP8Ayv8GZMjRfj3fiYtxaMfOYA/sj4/AGfB5Jt</latexit>

 
<latexit sha1_base64="fYJX9pkPa3xD4PNOJcgdBDiVkBg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV83g7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkWOOHg==</latexit><latexit sha1_base64="fYJX9pkPa3xD4PNOJcgdBDiVkBg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV83g7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkWOOHg==</latexit><latexit sha1_base64="fYJX9pkPa3xD4PNOJcgdBDiVkBg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV83g7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkWOOHg==</latexit><latexit sha1_base64="fYJX9pkPa3xD4PNOJcgdBDiVkBg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV83g7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkWOOHg==</latexit>

Nf ⇤
<latexit sha1_base64="2sW9DaacCeaZKM/XBHwNyPvMGmY=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4kJKIoN5KvXiSCsYWklI22027dLMbdidiCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dpeWV1bb20Ud7c2t7ZreztPxiVacp8qoTS7YgYJrhkPnAQrJ1qRpJIsFY0vJ74rUemDVfyHkYp6ySkL3nMKQErBbfdGIenOGyop26l6tbcKfAi8QpSRQWa3cpX2FM0S5gEKogxgeem0MmJBk4FG5fDzLCU0CHps8BSSRJmOvn05DE+tkoPx0rbkoCn6u+JnCTGjJLIdiYEBmbem4j/eUEG8WUn5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SPyz2lXNuzuv1htFGiV0iI7QCfLQBaqjG9REPqJIoWf0it4ccF6cd+dj1rrkFDMH6A+czx8655Ac</latexit><latexit sha1_base64="2sW9DaacCeaZKM/XBHwNyPvMGmY=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4kJKIoN5KvXiSCsYWklI22027dLMbdidiCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dpeWV1bb20Ud7c2t7ZreztPxiVacp8qoTS7YgYJrhkPnAQrJ1qRpJIsFY0vJ74rUemDVfyHkYp6ySkL3nMKQErBbfdGIenOGyop26l6tbcKfAi8QpSRQWa3cpX2FM0S5gEKogxgeem0MmJBk4FG5fDzLCU0CHps8BSSRJmOvn05DE+tkoPx0rbkoCn6u+JnCTGjJLIdiYEBmbem4j/eUEG8WUn5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SPyz2lXNuzuv1htFGiV0iI7QCfLQBaqjG9REPqJIoWf0it4ccF6cd+dj1rrkFDMH6A+czx8655Ac</latexit><latexit sha1_base64="2sW9DaacCeaZKM/XBHwNyPvMGmY=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4kJKIoN5KvXiSCsYWklI22027dLMbdidiCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dpeWV1bb20Ud7c2t7ZreztPxiVacp8qoTS7YgYJrhkPnAQrJ1qRpJIsFY0vJ74rUemDVfyHkYp6ySkL3nMKQErBbfdGIenOGyop26l6tbcKfAi8QpSRQWa3cpX2FM0S5gEKogxgeem0MmJBk4FG5fDzLCU0CHps8BSSRJmOvn05DE+tkoPx0rbkoCn6u+JnCTGjJLIdiYEBmbem4j/eUEG8WUn5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SPyz2lXNuzuv1htFGiV0iI7QCfLQBaqjG9REPqJIoWf0it4ccF6cd+dj1rrkFDMH6A+czx8655Ac</latexit><latexit sha1_base64="2sW9DaacCeaZKM/XBHwNyPvMGmY=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4kJKIoN5KvXiSCsYWklI22027dLMbdidiCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dpeWV1bb20Ud7c2t7ZreztPxiVacp8qoTS7YgYJrhkPnAQrJ1qRpJIsFY0vJ74rUemDVfyHkYp6ySkL3nMKQErBbfdGIenOGyop26l6tbcKfAi8QpSRQWa3cpX2FM0S5gEKogxgeem0MmJBk4FG5fDzLCU0CHps8BSSRJmOvn05DE+tkoPx0rbkoCn6u+JnCTGjJLIdiYEBmbem4j/eUEG8WUn5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SPyz2lXNuzuv1htFGiV0iI7QCfLQBaqjG9REPqJIoWf0it4ccF6cd+dj1rrkFDMH6A+czx8655Ac</latexit>

!
<latexit sha1_base64="zhoyn136G7vMflvzzVVWXTxfQKI=">AAAB6nicbVBNSwMxFHypX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk+ySZIWy9C948aDi1V/kzX9jtt2DVgcCw8x75M1EqeDGet4Xqqysrq1vVDdrW9s7u3v1/YMHk2SasoAmItHdiBgmuGKB5VawbqoZkZFgnWhyU/idR6YNT9S9naYslGSkeMwpsYXUtwke1Bte05sD/yV+SRpQoj2of/aHCc0kU5YKYkzP91Ib5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGT5xyhDHiXZPWTxXf27kRBozlZGblMSOzbJXiP95vczGl2HOVZpZpujiozgT2CUsguMh14xaMXWEUM3drZiOiSbUunpqrgR/OfJfEpw1r5r+3XmjdV22UYUjOIZT8OECWnALbQiAwhie4AVekUTP6A29L0YrqNw5hF9AH98jDI3V</latexit><latexit sha1_base64="zhoyn136G7vMflvzzVVWXTxfQKI=">AAAB6nicbVBNSwMxFHypX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk+ySZIWy9C948aDi1V/kzX9jtt2DVgcCw8x75M1EqeDGet4Xqqysrq1vVDdrW9s7u3v1/YMHk2SasoAmItHdiBgmuGKB5VawbqoZkZFgnWhyU/idR6YNT9S9naYslGSkeMwpsYXUtwke1Bte05sD/yV+SRpQoj2of/aHCc0kU5YKYkzP91Ib5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGT5xyhDHiXZPWTxXf27kRBozlZGblMSOzbJXiP95vczGl2HOVZpZpujiozgT2CUsguMh14xaMXWEUM3drZiOiSbUunpqrgR/OfJfEpw1r5r+3XmjdV22UYUjOIZT8OECWnALbQiAwhie4AVekUTP6A29L0YrqNw5hF9AH98jDI3V</latexit><latexit sha1_base64="zhoyn136G7vMflvzzVVWXTxfQKI=">AAAB6nicbVBNSwMxFHypX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk+ySZIWy9C948aDi1V/kzX9jtt2DVgcCw8x75M1EqeDGet4Xqqysrq1vVDdrW9s7u3v1/YMHk2SasoAmItHdiBgmuGKB5VawbqoZkZFgnWhyU/idR6YNT9S9naYslGSkeMwpsYXUtwke1Bte05sD/yV+SRpQoj2of/aHCc0kU5YKYkzP91Ib5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGT5xyhDHiXZPWTxXf27kRBozlZGblMSOzbJXiP95vczGl2HOVZpZpujiozgT2CUsguMh14xaMXWEUM3drZiOiSbUunpqrgR/OfJfEpw1r5r+3XmjdV22UYUjOIZT8OECWnALbQiAwhie4AVekUTP6A29L0YrqNw5hF9AH98jDI3V</latexit><latexit sha1_base64="zhoyn136G7vMflvzzVVWXTxfQKI=">AAAB6nicbVBNSwMxFHypX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk+ySZIWy9C948aDi1V/kzX9jtt2DVgcCw8x75M1EqeDGet4Xqqysrq1vVDdrW9s7u3v1/YMHk2SasoAmItHdiBgmuGKB5VawbqoZkZFgnWhyU/idR6YNT9S9naYslGSkeMwpsYXUtwke1Bte05sD/yV+SRpQoj2of/aHCc0kU5YKYkzP91Ib5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGT5xyhDHiXZPWTxXf27kRBozlZGblMSOzbJXiP95vczGl2HOVZpZpujiozgT2CUsguMh14xaMXWEUM3drZiOiSbUunpqrgR/OfJfEpw1r5r+3XmjdV22UYUjOIZT8OECWnALbQiAwhie4AVekUTP6A29L0YrqNw5hF9AH98jDI3V</latexit>

Nf ⇤ +NfNs 1
<latexit sha1_base64="pdxpcBOmYD0JIzHdFMbBVJ4ws8Q=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0URlJKIoO5K3bgqFYwtNCFMppN26CQTZiZiCf0DN/6KGxcqbl2782+ctFlo64FhDufcy733BAmjUlnWt1FaWFxaXimvVtbWNza3zO2dO8lTgYmDOeOiEyBJGI2Jo6hipJMIgqKAkXYwvMr99j0RkvL4Vo0S4kWoH9OQYqS05JuHTT+E7gl0G/wh/49hLjR9OREjpAZBmNlj36xaNWsCOE/sglRBgZZvfrk9jtOIxAozJGXXthLlZUgoihkZV9xUkgThIeqTrqYxioj0ssk9Y3iglR4MudAvVnCi/u7IUCTlKAp0Zb6hnPVy8T+vm6rwwstonKSKxHg6KEwZVBzm4cAeFQQrNtIEYUH1rhAPkEBY6QgrOgR79uR54pzWLmv2zVm13ijSKIM9sA+OgA3OQR1cgxZwAAaP4Bm8gjfjyXgx3o2PaWnJKHp2wR8Ynz+l2ZmA</latexit><latexit sha1_base64="pdxpcBOmYD0JIzHdFMbBVJ4ws8Q=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0URlJKIoO5K3bgqFYwtNCFMppN26CQTZiZiCf0DN/6KGxcqbl2782+ctFlo64FhDufcy733BAmjUlnWt1FaWFxaXimvVtbWNza3zO2dO8lTgYmDOeOiEyBJGI2Jo6hipJMIgqKAkXYwvMr99j0RkvL4Vo0S4kWoH9OQYqS05JuHTT+E7gl0G/wh/49hLjR9OREjpAZBmNlj36xaNWsCOE/sglRBgZZvfrk9jtOIxAozJGXXthLlZUgoihkZV9xUkgThIeqTrqYxioj0ssk9Y3iglR4MudAvVnCi/u7IUCTlKAp0Zb6hnPVy8T+vm6rwwstonKSKxHg6KEwZVBzm4cAeFQQrNtIEYUH1rhAPkEBY6QgrOgR79uR54pzWLmv2zVm13ijSKIM9sA+OgA3OQR1cgxZwAAaP4Bm8gjfjyXgx3o2PaWnJKHp2wR8Ynz+l2ZmA</latexit><latexit sha1_base64="pdxpcBOmYD0JIzHdFMbBVJ4ws8Q=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0URlJKIoO5K3bgqFYwtNCFMppN26CQTZiZiCf0DN/6KGxcqbl2782+ctFlo64FhDufcy733BAmjUlnWt1FaWFxaXimvVtbWNza3zO2dO8lTgYmDOeOiEyBJGI2Jo6hipJMIgqKAkXYwvMr99j0RkvL4Vo0S4kWoH9OQYqS05JuHTT+E7gl0G/wh/49hLjR9OREjpAZBmNlj36xaNWsCOE/sglRBgZZvfrk9jtOIxAozJGXXthLlZUgoihkZV9xUkgThIeqTrqYxioj0ssk9Y3iglR4MudAvVnCi/u7IUCTlKAp0Zb6hnPVy8T+vm6rwwstonKSKxHg6KEwZVBzm4cAeFQQrNtIEYUH1rhAPkEBY6QgrOgR79uR54pzWLmv2zVm13ijSKIM9sA+OgA3OQR1cgxZwAAaP4Bm8gjfjyXgx3o2PaWnJKHp2wR8Ynz+l2ZmA</latexit><latexit sha1_base64="pdxpcBOmYD0JIzHdFMbBVJ4ws8Q=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0URlJKIoO5K3bgqFYwtNCFMppN26CQTZiZiCf0DN/6KGxcqbl2782+ctFlo64FhDufcy733BAmjUlnWt1FaWFxaXimvVtbWNza3zO2dO8lTgYmDOeOiEyBJGI2Jo6hipJMIgqKAkXYwvMr99j0RkvL4Vo0S4kWoH9OQYqS05JuHTT+E7gl0G/wh/49hLjR9OREjpAZBmNlj36xaNWsCOE/sglRBgZZvfrk9jtOIxAozJGXXthLlZUgoihkZV9xUkgThIeqTrqYxioj0ssk9Y3iglR4MudAvVnCi/u7IUCTlKAp0Zb6hnPVy8T+vm6rwwstonKSKxHg6KEwZVBzm4cAeFQQrNtIEYUH1rhAPkEBY6QgrOgR79uR54pzWLmv2zVm13ijSKIM9sA+OgA3OQR1cgxZwAAaP4Bm8gjfjyXgx3o2PaWnJKHp2wR8Ynz+l2ZmA</latexit>
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A master bosonization duality

Dualities with both fundamental bosons, fermions?

V (|�|2)� �( ̄ · �)(�† ·  )
<latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit><latexit sha1_base64="hDmOaSXrvsjWLbbYxKSgTWmKiiM="></latexit>

Ṽ (|�|2) + �̃( ̄ · �)(�† · )
<latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit><latexit sha1_base64="KJj1Tl1WZefow/c1YAn+1q14kPE="></latexit>

In Higgs phase, SU(N) ! SU(N �Ns)
<latexit sha1_base64="Ta602dkg73wREiczFM5y3XCbpcY=">AAAB+nicbZDLSsNAFIZP6q3WW6xLN4NFaBeWRAR1V3TjqlQ0ttCGMJlO26GTCzMTsYS+ihsXKm59Ene+jZM2C239YeDjP+cw5/x+zJlUlvVtFFZW19Y3ipulre2d3T1zv/wgo0QQ6pCIR6LjY0k5C6mjmOK0EwuKA5/Ttj++zurtRyoki8J7NYmpG+BhyAaMYKUtzyzfOdVmracilMFJ05M1z6xYdWsmtAx2DhXI1fLMr14/IklAQ0U4lrJrW7FyUywUI5xOS71E0hiTMR7SrsYQB1S66Wz3KTrWTh8NIqFfqNDM/T2R4kDKSeDrzgCrkVysZeZ/tW6iBhduysI4UTQk848GCUf61CwI1GeCEsUnGjARTO+KyAgLTJSOq6RDsBdPXgbntH5Zt2/PKo2rPI0iHMIRVMGGc2jADbTAAQJP8Ayv8GZMjRfj3fiYtxaMfOYA/sj4/AGfB5Jt</latexit><latexit sha1_base64="Ta602dkg73wREiczFM5y3XCbpcY=">AAAB+nicbZDLSsNAFIZP6q3WW6xLN4NFaBeWRAR1V3TjqlQ0ttCGMJlO26GTCzMTsYS+ihsXKm59Ene+jZM2C239YeDjP+cw5/x+zJlUlvVtFFZW19Y3ipulre2d3T1zv/wgo0QQ6pCIR6LjY0k5C6mjmOK0EwuKA5/Ttj++zurtRyoki8J7NYmpG+BhyAaMYKUtzyzfOdVmracilMFJ05M1z6xYdWsmtAx2DhXI1fLMr14/IklAQ0U4lrJrW7FyUywUI5xOS71E0hiTMR7SrsYQB1S66Wz3KTrWTh8NIqFfqNDM/T2R4kDKSeDrzgCrkVysZeZ/tW6iBhduysI4UTQk848GCUf61CwI1GeCEsUnGjARTO+KyAgLTJSOq6RDsBdPXgbntH5Zt2/PKo2rPI0iHMIRVMGGc2jADbTAAQJP8Ayv8GZMjRfj3fiYtxaMfOYA/sj4/AGfB5Jt</latexit><latexit sha1_base64="Ta602dkg73wREiczFM5y3XCbpcY=">AAAB+nicbZDLSsNAFIZP6q3WW6xLN4NFaBeWRAR1V3TjqlQ0ttCGMJlO26GTCzMTsYS+ihsXKm59Ene+jZM2C239YeDjP+cw5/x+zJlUlvVtFFZW19Y3ipulre2d3T1zv/wgo0QQ6pCIR6LjY0k5C6mjmOK0EwuKA5/Ttj++zurtRyoki8J7NYmpG+BhyAaMYKUtzyzfOdVmracilMFJ05M1z6xYdWsmtAx2DhXI1fLMr14/IklAQ0U4lrJrW7FyUywUI5xOS71E0hiTMR7SrsYQB1S66Wz3KTrWTh8NIqFfqNDM/T2R4kDKSeDrzgCrkVysZeZ/tW6iBhduysI4UTQk848GCUf61CwI1GeCEsUnGjARTO+KyAgLTJSOq6RDsBdPXgbntH5Zt2/PKo2rPI0iHMIRVMGGc2jADbTAAQJP8Ayv8GZMjRfj3fiYtxaMfOYA/sj4/AGfB5Jt</latexit><latexit sha1_base64="Ta602dkg73wREiczFM5y3XCbpcY=">AAAB+nicbZDLSsNAFIZP6q3WW6xLN4NFaBeWRAR1V3TjqlQ0ttCGMJlO26GTCzMTsYS+ihsXKm59Ene+jZM2C239YeDjP+cw5/x+zJlUlvVtFFZW19Y3ipulre2d3T1zv/wgo0QQ6pCIR6LjY0k5C6mjmOK0EwuKA5/Ttj++zurtRyoki8J7NYmpG+BhyAaMYKUtzyzfOdVmracilMFJ05M1z6xYdWsmtAx2DhXI1fLMr14/IklAQ0U4lrJrW7FyUywUI5xOS71E0hiTMR7SrsYQB1S66Wz3KTrWTh8NIqFfqNDM/T2R4kDKSeDrzgCrkVysZeZ/tW6iBhduysI4UTQk848GCUf61CwI1GeCEsUnGjARTO+KyAgLTJSOq6RDsBdPXgbntH5Zt2/PKo2rPI0iHMIRVMGGc2jADbTAAQJP8Ayv8GZMjRfj3fiYtxaMfOYA/sj4/AGfB5Jt</latexit>

Nf ⇤
<latexit sha1_base64="2sW9DaacCeaZKM/XBHwNyPvMGmY=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4kJKIoN5KvXiSCsYWklI22027dLMbdidiCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dpeWV1bb20Ud7c2t7ZreztPxiVacp8qoTS7YgYJrhkPnAQrJ1qRpJIsFY0vJ74rUemDVfyHkYp6ySkL3nMKQErBbfdGIenOGyop26l6tbcKfAi8QpSRQWa3cpX2FM0S5gEKogxgeem0MmJBk4FG5fDzLCU0CHps8BSSRJmOvn05DE+tkoPx0rbkoCn6u+JnCTGjJLIdiYEBmbem4j/eUEG8WUn5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SPyz2lXNuzuv1htFGiV0iI7QCfLQBaqjG9REPqJIoWf0it4ccF6cd+dj1rrkFDMH6A+czx8655Ac</latexit><latexit sha1_base64="2sW9DaacCeaZKM/XBHwNyPvMGmY=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4kJKIoN5KvXiSCsYWklI22027dLMbdidiCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dpeWV1bb20Ud7c2t7ZreztPxiVacp8qoTS7YgYJrhkPnAQrJ1qRpJIsFY0vJ74rUemDVfyHkYp6ySkL3nMKQErBbfdGIenOGyop26l6tbcKfAi8QpSRQWa3cpX2FM0S5gEKogxgeem0MmJBk4FG5fDzLCU0CHps8BSSRJmOvn05DE+tkoPx0rbkoCn6u+JnCTGjJLIdiYEBmbem4j/eUEG8WUn5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SPyz2lXNuzuv1htFGiV0iI7QCfLQBaqjG9REPqJIoWf0it4ccF6cd+dj1rrkFDMH6A+czx8655Ac</latexit><latexit sha1_base64="2sW9DaacCeaZKM/XBHwNyPvMGmY=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4kJKIoN5KvXiSCsYWklI22027dLMbdidiCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dpeWV1bb20Ud7c2t7ZreztPxiVacp8qoTS7YgYJrhkPnAQrJ1qRpJIsFY0vJ74rUemDVfyHkYp6ySkL3nMKQErBbfdGIenOGyop26l6tbcKfAi8QpSRQWa3cpX2FM0S5gEKogxgeem0MmJBk4FG5fDzLCU0CHps8BSSRJmOvn05DE+tkoPx0rbkoCn6u+JnCTGjJLIdiYEBmbem4j/eUEG8WUn5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SPyz2lXNuzuv1htFGiV0iI7QCfLQBaqjG9REPqJIoWf0it4ccF6cd+dj1rrkFDMH6A+czx8655Ac</latexit><latexit sha1_base64="2sW9DaacCeaZKM/XBHwNyPvMGmY=">AAAB8XicbVBNS8NAEN34WetX1aOXxSJ4kJKIoN5KvXiSCsYWklI22027dLMbdidiCf0ZXjyoePXfePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dpeWV1bb20Ud7c2t7ZreztPxiVacp8qoTS7YgYJrhkPnAQrJ1qRpJIsFY0vJ74rUemDVfyHkYp6ySkL3nMKQErBbfdGIenOGyop26l6tbcKfAi8QpSRQWa3cpX2FM0S5gEKogxgeem0MmJBk4FG5fDzLCU0CHps8BSSRJmOvn05DE+tkoPx0rbkoCn6u+JnCTGjJLIdiYEBmbem4j/eUEG8WUn5zLNgEk6WxRnAoPCk/9xj2tGQYwsIVRzeyumA6IJBZtS2Ybgzb+8SPyz2lXNuzuv1htFGiV0iI7QCfLQBaqjG9REPqJIoWf0it4ccF6cd+dj1rrkFDMH6A+czx8655Ac</latexit>

!
<latexit sha1_base64="zhoyn136G7vMflvzzVVWXTxfQKI=">AAAB6nicbVBNSwMxFHypX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk+ySZIWy9C948aDi1V/kzX9jtt2DVgcCw8x75M1EqeDGet4Xqqysrq1vVDdrW9s7u3v1/YMHk2SasoAmItHdiBgmuGKB5VawbqoZkZFgnWhyU/idR6YNT9S9naYslGSkeMwpsYXUtwke1Bte05sD/yV+SRpQoj2of/aHCc0kU5YKYkzP91Ib5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGT5xyhDHiXZPWTxXf27kRBozlZGblMSOzbJXiP95vczGl2HOVZpZpujiozgT2CUsguMh14xaMXWEUM3drZiOiSbUunpqrgR/OfJfEpw1r5r+3XmjdV22UYUjOIZT8OECWnALbQiAwhie4AVekUTP6A29L0YrqNw5hF9AH98jDI3V</latexit><latexit sha1_base64="zhoyn136G7vMflvzzVVWXTxfQKI=">AAAB6nicbVBNSwMxFHypX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk+ySZIWy9C948aDi1V/kzX9jtt2DVgcCw8x75M1EqeDGet4Xqqysrq1vVDdrW9s7u3v1/YMHk2SasoAmItHdiBgmuGKB5VawbqoZkZFgnWhyU/idR6YNT9S9naYslGSkeMwpsYXUtwke1Bte05sD/yV+SRpQoj2of/aHCc0kU5YKYkzP91Ib5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGT5xyhDHiXZPWTxXf27kRBozlZGblMSOzbJXiP95vczGl2HOVZpZpujiozgT2CUsguMh14xaMXWEUM3drZiOiSbUunpqrgR/OfJfEpw1r5r+3XmjdV22UYUjOIZT8OECWnALbQiAwhie4AVekUTP6A29L0YrqNw5hF9AH98jDI3V</latexit><latexit sha1_base64="zhoyn136G7vMflvzzVVWXTxfQKI=">AAAB6nicbVBNSwMxFHypX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk+ySZIWy9C948aDi1V/kzX9jtt2DVgcCw8x75M1EqeDGet4Xqqysrq1vVDdrW9s7u3v1/YMHk2SasoAmItHdiBgmuGKB5VawbqoZkZFgnWhyU/idR6YNT9S9naYslGSkeMwpsYXUtwke1Bte05sD/yV+SRpQoj2of/aHCc0kU5YKYkzP91Ib5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGT5xyhDHiXZPWTxXf27kRBozlZGblMSOzbJXiP95vczGl2HOVZpZpujiozgT2CUsguMh14xaMXWEUM3drZiOiSbUunpqrgR/OfJfEpw1r5r+3XmjdV22UYUjOIZT8OECWnALbQiAwhie4AVekUTP6A29L0YrqNw5hF9AH98jDI3V</latexit><latexit sha1_base64="zhoyn136G7vMflvzzVVWXTxfQKI=">AAAB6nicbVBNSwMxFHypX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk+ySZIWy9C948aDi1V/kzX9jtt2DVgcCw8x75M1EqeDGet4Xqqysrq1vVDdrW9s7u3v1/YMHk2SasoAmItHdiBgmuGKB5VawbqoZkZFgnWhyU/idR6YNT9S9naYslGSkeMwpsYXUtwke1Bte05sD/yV+SRpQoj2of/aHCc0kU5YKYkzP91Ib5kRbTgWb1fqZYSmhEzJiPUcVkcyE+fzWGT5xyhDHiXZPWTxXf27kRBozlZGblMSOzbJXiP95vczGl2HOVZpZpujiozgT2CUsguMh14xaMXWEUM3drZiOiSbUunpqrgR/OfJfEpw1r5r+3XmjdV22UYUjOIZT8OECWnALbQiAwhie4AVekUTP6A29L0YrqNw5hF9AH98jDI3V</latexit>

Nf ⇤ +NfNs 1
<latexit sha1_base64="pdxpcBOmYD0JIzHdFMbBVJ4ws8Q=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0URlJKIoO5K3bgqFYwtNCFMppN26CQTZiZiCf0DN/6KGxcqbl2782+ctFlo64FhDufcy733BAmjUlnWt1FaWFxaXimvVtbWNza3zO2dO8lTgYmDOeOiEyBJGI2Jo6hipJMIgqKAkXYwvMr99j0RkvL4Vo0S4kWoH9OQYqS05JuHTT+E7gl0G/wh/49hLjR9OREjpAZBmNlj36xaNWsCOE/sglRBgZZvfrk9jtOIxAozJGXXthLlZUgoihkZV9xUkgThIeqTrqYxioj0ssk9Y3iglR4MudAvVnCi/u7IUCTlKAp0Zb6hnPVy8T+vm6rwwstonKSKxHg6KEwZVBzm4cAeFQQrNtIEYUH1rhAPkEBY6QgrOgR79uR54pzWLmv2zVm13ijSKIM9sA+OgA3OQR1cgxZwAAaP4Bm8gjfjyXgx3o2PaWnJKHp2wR8Ynz+l2ZmA</latexit><latexit sha1_base64="pdxpcBOmYD0JIzHdFMbBVJ4ws8Q=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0URlJKIoO5K3bgqFYwtNCFMppN26CQTZiZiCf0DN/6KGxcqbl2782+ctFlo64FhDufcy733BAmjUlnWt1FaWFxaXimvVtbWNza3zO2dO8lTgYmDOeOiEyBJGI2Jo6hipJMIgqKAkXYwvMr99j0RkvL4Vo0S4kWoH9OQYqS05JuHTT+E7gl0G/wh/49hLjR9OREjpAZBmNlj36xaNWsCOE/sglRBgZZvfrk9jtOIxAozJGXXthLlZUgoihkZV9xUkgThIeqTrqYxioj0ssk9Y3iglR4MudAvVnCi/u7IUCTlKAp0Zb6hnPVy8T+vm6rwwstonKSKxHg6KEwZVBzm4cAeFQQrNtIEYUH1rhAPkEBY6QgrOgR79uR54pzWLmv2zVm13ijSKIM9sA+OgA3OQR1cgxZwAAaP4Bm8gjfjyXgx3o2PaWnJKHp2wR8Ynz+l2ZmA</latexit><latexit sha1_base64="pdxpcBOmYD0JIzHdFMbBVJ4ws8Q=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0URlJKIoO5K3bgqFYwtNCFMppN26CQTZiZiCf0DN/6KGxcqbl2782+ctFlo64FhDufcy733BAmjUlnWt1FaWFxaXimvVtbWNza3zO2dO8lTgYmDOeOiEyBJGI2Jo6hipJMIgqKAkXYwvMr99j0RkvL4Vo0S4kWoH9OQYqS05JuHTT+E7gl0G/wh/49hLjR9OREjpAZBmNlj36xaNWsCOE/sglRBgZZvfrk9jtOIxAozJGXXthLlZUgoihkZV9xUkgThIeqTrqYxioj0ssk9Y3iglR4MudAvVnCi/u7IUCTlKAp0Zb6hnPVy8T+vm6rwwstonKSKxHg6KEwZVBzm4cAeFQQrNtIEYUH1rhAPkEBY6QgrOgR79uR54pzWLmv2zVm13ijSKIM9sA+OgA3OQR1cgxZwAAaP4Bm8gjfjyXgx3o2PaWnJKHp2wR8Ynz+l2ZmA</latexit><latexit sha1_base64="pdxpcBOmYD0JIzHdFMbBVJ4ws8Q=">AAACDnicbVDLSsNAFJ3UV62vqEs3g0URlJKIoO5K3bgqFYwtNCFMppN26CQTZiZiCf0DN/6KGxcqbl2782+ctFlo64FhDufcy733BAmjUlnWt1FaWFxaXimvVtbWNza3zO2dO8lTgYmDOeOiEyBJGI2Jo6hipJMIgqKAkXYwvMr99j0RkvL4Vo0S4kWoH9OQYqS05JuHTT+E7gl0G/wh/49hLjR9OREjpAZBmNlj36xaNWsCOE/sglRBgZZvfrk9jtOIxAozJGXXthLlZUgoihkZV9xUkgThIeqTrqYxioj0ssk9Y3iglR4MudAvVnCi/u7IUCTlKAp0Zb6hnPVy8T+vm6rwwstonKSKxHg6KEwZVBzm4cAeFQQrNtIEYUH1rhAPkEBY6QgrOgR79uR54pzWLmv2zVm13ijSKIM9sA+OgA3OQR1cgxZwAAaP4Bm8gjfjyXgx3o2PaWnJKHp2wR8Ynz+l2ZmA</latexit>

get mass ~ ��|v|2
<latexit sha1_base64="iMsksKpvV8pVtxbxDZKcUJSF7v4=">AAAB9HicbVBNT8JAFHz1E/EL9ehlIzHxImmJiXojevGIiRUSKGS73cKG7bbZ3WJI4X948aDGqz/Gm//GBXpQcJJNJjPz8t6On3CmtG1/Wyura+sbm4Wt4vbO7t5+6eDwUcWpJNQlMY9l08eKciaoq5nmtJlIiiOf04Y/uJ36jSGVisXiQY8S6kW4J1jICNZG6py3uckGGI2H4061WyrbFXsGtEycnJQhR71b+moHMUkjKjThWKmWYyfay7DUjHA6KbZTRRNMBrhHW4YKHFHlZbOrJ+jUKAEKY2me0Gim/p7IcKTUKPJNMsK6rxa9qfif10p1eOVlTCSppoLMF4UpRzpG0wpQwCQlmo8MwUQycysifSwx0aaooinBWfzyMnGrleuKc39Rrt3kbRTgGE7gDBy4hBrcQR1cICDhGV7hzXqyXqx362MeXbHymSP4A+vzBzsvkeI=</latexit><latexit sha1_base64="iMsksKpvV8pVtxbxDZKcUJSF7v4=">AAAB9HicbVBNT8JAFHz1E/EL9ehlIzHxImmJiXojevGIiRUSKGS73cKG7bbZ3WJI4X948aDGqz/Gm//GBXpQcJJNJjPz8t6On3CmtG1/Wyura+sbm4Wt4vbO7t5+6eDwUcWpJNQlMY9l08eKciaoq5nmtJlIiiOf04Y/uJ36jSGVisXiQY8S6kW4J1jICNZG6py3uckGGI2H4061WyrbFXsGtEycnJQhR71b+moHMUkjKjThWKmWYyfay7DUjHA6KbZTRRNMBrhHW4YKHFHlZbOrJ+jUKAEKY2me0Gim/p7IcKTUKPJNMsK6rxa9qfif10p1eOVlTCSppoLMF4UpRzpG0wpQwCQlmo8MwUQycysifSwx0aaooinBWfzyMnGrleuKc39Rrt3kbRTgGE7gDBy4hBrcQR1cICDhGV7hzXqyXqx362MeXbHymSP4A+vzBzsvkeI=</latexit><latexit sha1_base64="iMsksKpvV8pVtxbxDZKcUJSF7v4=">AAAB9HicbVBNT8JAFHz1E/EL9ehlIzHxImmJiXojevGIiRUSKGS73cKG7bbZ3WJI4X948aDGqz/Gm//GBXpQcJJNJjPz8t6On3CmtG1/Wyura+sbm4Wt4vbO7t5+6eDwUcWpJNQlMY9l08eKciaoq5nmtJlIiiOf04Y/uJ36jSGVisXiQY8S6kW4J1jICNZG6py3uckGGI2H4061WyrbFXsGtEycnJQhR71b+moHMUkjKjThWKmWYyfay7DUjHA6KbZTRRNMBrhHW4YKHFHlZbOrJ+jUKAEKY2me0Gim/p7IcKTUKPJNMsK6rxa9qfif10p1eOVlTCSppoLMF4UpRzpG0wpQwCQlmo8MwUQycysifSwx0aaooinBWfzyMnGrleuKc39Rrt3kbRTgGE7gDBy4hBrcQR1cICDhGV7hzXqyXqx362MeXbHymSP4A+vzBzsvkeI=</latexit><latexit sha1_base64="iMsksKpvV8pVtxbxDZKcUJSF7v4=">AAAB9HicbVBNT8JAFHz1E/EL9ehlIzHxImmJiXojevGIiRUSKGS73cKG7bbZ3WJI4X948aDGqz/Gm//GBXpQcJJNJjPz8t6On3CmtG1/Wyura+sbm4Wt4vbO7t5+6eDwUcWpJNQlMY9l08eKciaoq5nmtJlIiiOf04Y/uJ36jSGVisXiQY8S6kW4J1jICNZG6py3uckGGI2H4061WyrbFXsGtEycnJQhR71b+moHMUkjKjThWKmWYyfay7DUjHA6KbZTRRNMBrhHW4YKHFHlZbOrJ+jUKAEKY2me0Gim/p7IcKTUKPJNMsK6rxa9qfif10p1eOVlTCSppoLMF4UpRzpG0wpQwCQlmo8MwUQycysifSwx0aaooinBWfzyMnGrleuKc39Rrt3kbRTgGE7gDBy4hBrcQR1cICDhGV7hzXqyXqx362MeXbHymSP4A+vzBzsvkeI=</latexit>

 
<latexit sha1_base64="fYJX9pkPa3xD4PNOJcgdBDiVkBg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV83g7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkWOOHg==</latexit><latexit sha1_base64="fYJX9pkPa3xD4PNOJcgdBDiVkBg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV83g7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkWOOHg==</latexit><latexit sha1_base64="fYJX9pkPa3xD4PNOJcgdBDiVkBg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV83g7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkWOOHg==</latexit><latexit sha1_base64="fYJX9pkPa3xD4PNOJcgdBDiVkBg=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQb0VvXis4NpCu5Rsmm1Dk2xIskJZ+he8eFDx6i/y5r8x2+5Bqw8GHu/NMDMvVpwZ6/tfXmVldW19o7pZ29re2d2r7x88mDTThIYk5anuxthQziQNLbOcdpWmWMScduLJTeF3Hqk2LJX3dqpoJPBIsoQRbAuprwwb1Bt+058D/SVBSRpQoj2of/aHKckElZZwbEwv8JWNcqwtI5zOav3MUIXJBI9oz1GJBTVRPr91hk6cMkRJql1Ji+bqz4kcC2OmInadAtuxWfYK8T+vl9nkMsqZVJmlkiwWJRlHNkXF42jINCWWTx3BRDN3KyJjrDGxLp6aCyFYfvkvCc+aV83g7rzRui7TqMIRHMMpBHABLbiFNoRAYAxP8AKvnvCevTfvfdFa8cqZQ/gF7+MbkWOOHg==</latexit>
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Phase diagram

At large N, two relevant deformations:  ̄ , |�|2
<latexit sha1_base64="yBey5JTQ56HtE38zhc2x08Bx4SM=">AAACB3icbVC7TsMwFHXKq5RXgJEBiwqJIaqSCgnYKlgYi0RopTpUjuu0Vp2HbAepSjuy8CssDIBY+QU2/ganzQAtR7pXR+fcK/seP+FMKtv+NkpLyyura+X1ysbm1vaOubt3J+NUEOqSmMei7WNJOYuoq5jitJ0IikOf05Y/vMr91gMVksXRrRol1AtxP2IBI1hpqWseIh+LDCWSTfKGLAsiC1lwjJIBG9/Xu2bVrtlTwEXiFKQKCjS75hfqxSQNaaQIx1J2HDtRXoaFYoTTSQWlkiaYDHGfdjSNcEill00PmcBjrfRgEAtdkYJT9fdGhkMpR6GvJ0OsBnLey8X/vE6qgnMvY1GSKhqR2UNByqGKYZ4K7DFBieIjTTARTP8VkgEWmCidXUWH4MyfvEjceu2i5tycVhuXRRplcACOwAlwwBlogGvQBC4g4BE8g1fwZjwZL8a78TEbLRnFzj74A+PzB8FImLc=</latexit><latexit sha1_base64="yBey5JTQ56HtE38zhc2x08Bx4SM=">AAACB3icbVC7TsMwFHXKq5RXgJEBiwqJIaqSCgnYKlgYi0RopTpUjuu0Vp2HbAepSjuy8CssDIBY+QU2/ganzQAtR7pXR+fcK/seP+FMKtv+NkpLyyura+X1ysbm1vaOubt3J+NUEOqSmMei7WNJOYuoq5jitJ0IikOf05Y/vMr91gMVksXRrRol1AtxP2IBI1hpqWseIh+LDCWSTfKGLAsiC1lwjJIBG9/Xu2bVrtlTwEXiFKQKCjS75hfqxSQNaaQIx1J2HDtRXoaFYoTTSQWlkiaYDHGfdjSNcEill00PmcBjrfRgEAtdkYJT9fdGhkMpR6GvJ0OsBnLey8X/vE6qgnMvY1GSKhqR2UNByqGKYZ4K7DFBieIjTTARTP8VkgEWmCidXUWH4MyfvEjceu2i5tycVhuXRRplcACOwAlwwBlogGvQBC4g4BE8g1fwZjwZL8a78TEbLRnFzj74A+PzB8FImLc=</latexit><latexit sha1_base64="yBey5JTQ56HtE38zhc2x08Bx4SM=">AAACB3icbVC7TsMwFHXKq5RXgJEBiwqJIaqSCgnYKlgYi0RopTpUjuu0Vp2HbAepSjuy8CssDIBY+QU2/ganzQAtR7pXR+fcK/seP+FMKtv+NkpLyyura+X1ysbm1vaOubt3J+NUEOqSmMei7WNJOYuoq5jitJ0IikOf05Y/vMr91gMVksXRrRol1AtxP2IBI1hpqWseIh+LDCWSTfKGLAsiC1lwjJIBG9/Xu2bVrtlTwEXiFKQKCjS75hfqxSQNaaQIx1J2HDtRXoaFYoTTSQWlkiaYDHGfdjSNcEill00PmcBjrfRgEAtdkYJT9fdGhkMpR6GvJ0OsBnLey8X/vE6qgnMvY1GSKhqR2UNByqGKYZ4K7DFBieIjTTARTP8VkgEWmCidXUWH4MyfvEjceu2i5tycVhuXRRplcACOwAlwwBlogGvQBC4g4BE8g1fwZjwZL8a78TEbLRnFzj74A+PzB8FImLc=</latexit><latexit sha1_base64="yBey5JTQ56HtE38zhc2x08Bx4SM=">AAACB3icbVC7TsMwFHXKq5RXgJEBiwqJIaqSCgnYKlgYi0RopTpUjuu0Vp2HbAepSjuy8CssDIBY+QU2/ganzQAtR7pXR+fcK/seP+FMKtv+NkpLyyura+X1ysbm1vaOubt3J+NUEOqSmMei7WNJOYuoq5jitJ0IikOf05Y/vMr91gMVksXRrRol1AtxP2IBI1hpqWseIh+LDCWSTfKGLAsiC1lwjJIBG9/Xu2bVrtlTwEXiFKQKCjS75hfqxSQNaaQIx1J2HDtRXoaFYoTTSQWlkiaYDHGfdjSNcEill00PmcBjrfRgEAtdkYJT9fdGhkMpR6GvJ0OsBnLey8X/vE6qgnMvY1GSKhqR2UNByqGKYZ4K7DFBieIjTTARTP8VkgEWmCidXUWH4MyfvEjceu2i5tycVhuXRRplcACOwAlwwBlogGvQBC4g4BE8g1fwZjwZL8a78TEbLRnFzj74A+PzB8FImLc=</latexit>

Lead to five semiclassically visible phases:

23



Phase diagram

Lead to five semiclassically visible phases:
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Phase diagram

Lead to five semiclassically visible phases:

m 

m2
�

III
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SU :

I’II’
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�m2
�

SU(N)�k+Nf
<latexit sha1_base64="uFEyjN7YpUtHHRyBQBC17v5LHcY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahIpZEBPVW9OKpVDS20May2W7apZtN2N0oJfR/ePGg4tUf481/47bNQVsfDDzem2Fmnh9zprRtf1u5hcWl5ZX8amFtfWNzq7i9c6+iRBLqkohHsuljRTkT1NVMc9qMJcWhz2nDH1yN/cYjlYpF4k4PY+qFuCdYwAjWRnq4dcu1w056PDiqdYJRp1iyK/YEaJ44GSlBhnqn+NXuRiQJqdCEY6Vajh1rL8VSM8LpqNBOFI0xGeAebRkqcEiVl06uHqEDo3RREElTQqOJ+nsixaFSw9A3nSHWfTXrjcX/vFaig3MvZSJONBVkuihIONIRGkeAukxSovnQEEwkM7ci0scSE22CKpgQnNmX54l7UrmoODenpepllkYe9mAfyuDAGVThGurgAgEJz/AKb9aT9WK9Wx/T1pyVzezCH1ifP1XKkU4=</latexit><latexit sha1_base64="uFEyjN7YpUtHHRyBQBC17v5LHcY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahIpZEBPVW9OKpVDS20May2W7apZtN2N0oJfR/ePGg4tUf481/47bNQVsfDDzem2Fmnh9zprRtf1u5hcWl5ZX8amFtfWNzq7i9c6+iRBLqkohHsuljRTkT1NVMc9qMJcWhz2nDH1yN/cYjlYpF4k4PY+qFuCdYwAjWRnq4dcu1w056PDiqdYJRp1iyK/YEaJ44GSlBhnqn+NXuRiQJqdCEY6Vajh1rL8VSM8LpqNBOFI0xGeAebRkqcEiVl06uHqEDo3RREElTQqOJ+nsixaFSw9A3nSHWfTXrjcX/vFaig3MvZSJONBVkuihIONIRGkeAukxSovnQEEwkM7ci0scSE22CKpgQnNmX54l7UrmoODenpepllkYe9mAfyuDAGVThGurgAgEJz/AKb9aT9WK9Wx/T1pyVzezCH1ifP1XKkU4=</latexit><latexit sha1_base64="uFEyjN7YpUtHHRyBQBC17v5LHcY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahIpZEBPVW9OKpVDS20May2W7apZtN2N0oJfR/ePGg4tUf481/47bNQVsfDDzem2Fmnh9zprRtf1u5hcWl5ZX8amFtfWNzq7i9c6+iRBLqkohHsuljRTkT1NVMc9qMJcWhz2nDH1yN/cYjlYpF4k4PY+qFuCdYwAjWRnq4dcu1w056PDiqdYJRp1iyK/YEaJ44GSlBhnqn+NXuRiQJqdCEY6Vajh1rL8VSM8LpqNBOFI0xGeAebRkqcEiVl06uHqEDo3RREElTQqOJ+nsixaFSw9A3nSHWfTXrjcX/vFaig3MvZSJONBVkuihIONIRGkeAukxSovnQEEwkM7ci0scSE22CKpgQnNmX54l7UrmoODenpepllkYe9mAfyuDAGVThGurgAgEJz/AKb9aT9WK9Wx/T1pyVzezCH1ifP1XKkU4=</latexit><latexit sha1_base64="uFEyjN7YpUtHHRyBQBC17v5LHcY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahIpZEBPVW9OKpVDS20May2W7apZtN2N0oJfR/ePGg4tUf481/47bNQVsfDDzem2Fmnh9zprRtf1u5hcWl5ZX8amFtfWNzq7i9c6+iRBLqkohHsuljRTkT1NVMc9qMJcWhz2nDH1yN/cYjlYpF4k4PY+qFuCdYwAjWRnq4dcu1w056PDiqdYJRp1iyK/YEaJ44GSlBhnqn+NXuRiQJqdCEY6Vajh1rL8VSM8LpqNBOFI0xGeAebRkqcEiVl06uHqEDo3RREElTQqOJ+nsixaFSw9A3nSHWfTXrjcX/vFaig3MvZSJONBVkuihIONIRGkeAukxSovnQEEwkM7ci0scSE22CKpgQnNmX54l7UrmoODenpepllkYe9mAfyuDAGVThGurgAgEJz/AKb9aT9WK9Wx/T1pyVzezCH1ifP1XKkU4=</latexit>

U(k �Nf )N
<latexit sha1_base64="ABQ7oNb+U+SRO1lDIOps8jtJ3eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahHixJEdRb0YunUsHYYhvCZrtpl242YXcjlNB/4cWDild/jjf/jds2B219MPB4b4aZeUHCmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+wYOKU0moS2Iey06AFeVMUFczzWknkRRHAaftYHQz9dtPVCoWi3s9TqgX4YFgISNYG+nRrY7Omn546jf9csWu2TOgZeLkpAI5Wn75q9ePSRpRoQnHSnUdO9FehqVmhNNJqZcqmmAywgPaNVTgiCovm108QSdG6aMwlqaERjP190SGI6XGUWA6I6yHatGbiv953VSHl17GRJJqKsh8UZhypGM0fR/1maRE87EhmEhmbkVkiCUm2oRUMiE4iy8vE7deu6o5d+eVxnWeRhGO4Biq4MAFNOAWWuACAQHP8ApvlrJerHfrY95asPKZQ/gD6/MHftyPsA==</latexit><latexit sha1_base64="ABQ7oNb+U+SRO1lDIOps8jtJ3eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahHixJEdRb0YunUsHYYhvCZrtpl242YXcjlNB/4cWDild/jjf/jds2B219MPB4b4aZeUHCmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+wYOKU0moS2Iey06AFeVMUFczzWknkRRHAaftYHQz9dtPVCoWi3s9TqgX4YFgISNYG+nRrY7Omn546jf9csWu2TOgZeLkpAI5Wn75q9ePSRpRoQnHSnUdO9FehqVmhNNJqZcqmmAywgPaNVTgiCovm108QSdG6aMwlqaERjP190SGI6XGUWA6I6yHatGbiv953VSHl17GRJJqKsh8UZhypGM0fR/1maRE87EhmEhmbkVkiCUm2oRUMiE4iy8vE7deu6o5d+eVxnWeRhGO4Biq4MAFNOAWWuACAQHP8ApvlrJerHfrY95asPKZQ/gD6/MHftyPsA==</latexit><latexit sha1_base64="ABQ7oNb+U+SRO1lDIOps8jtJ3eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahHixJEdRb0YunUsHYYhvCZrtpl242YXcjlNB/4cWDild/jjf/jds2B219MPB4b4aZeUHCmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+wYOKU0moS2Iey06AFeVMUFczzWknkRRHAaftYHQz9dtPVCoWi3s9TqgX4YFgISNYG+nRrY7Omn546jf9csWu2TOgZeLkpAI5Wn75q9ePSRpRoQnHSnUdO9FehqVmhNNJqZcqmmAywgPaNVTgiCovm108QSdG6aMwlqaERjP190SGI6XGUWA6I6yHatGbiv953VSHl17GRJJqKsh8UZhypGM0fR/1maRE87EhmEhmbkVkiCUm2oRUMiE4iy8vE7deu6o5d+eVxnWeRhGO4Biq4MAFNOAWWuACAQHP8ApvlrJerHfrY95asPKZQ/gD6/MHftyPsA==</latexit><latexit sha1_base64="ABQ7oNb+U+SRO1lDIOps8jtJ3eU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBahHixJEdRb0YunUsHYYhvCZrtpl242YXcjlNB/4cWDild/jjf/jds2B219MPB4b4aZeUHCmdK2/W0VVlbX1jeKm6Wt7Z3dvfL+wYOKU0moS2Iey06AFeVMUFczzWknkRRHAaftYHQz9dtPVCoWi3s9TqgX4YFgISNYG+nRrY7Omn546jf9csWu2TOgZeLkpAI5Wn75q9ePSRpRoQnHSnUdO9FehqVmhNNJqZcqmmAywgPaNVTgiCovm108QSdG6aMwlqaERjP190SGI6XGUWA6I6yHatGbiv953VSHl17GRJJqKsh8UZhypGM0fR/1maRE87EhmEhmbkVkiCUm2oRUMiE4iy8vE7deu6o5d+eVxnWeRhGO4Biq4MAFNOAWWuACAQHP8ApvlrJerHfrY95asPKZQ/gD6/MHftyPsA==</latexit>
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Duality map

m ⇠ �m2
� , m�2 ⇠ m 

<latexit sha1_base64="7ZwnzRgxF7VChyEtoepl8ISfGx4=">AAACI3icbVBPS8MwHE39O+e/qkcvwSF4mKMdgoqXoRePE5wbrFtJ03QNS9qapMIo+zBe/CpePOjw4sHvYtb1oJsPAi/v9x7J73kJo1JZ1pextLyyurZe2ihvbm3v7Jp7+w8yTgUmLRyzWHQ8JAmjEWkpqhjpJIIg7jHS9oY303n7iQhJ4+hejRLS42gQ0YBipLTkmlfczZxE0jF0JOXwdHpthnTcrzvVKnQeU+TD3BLSfr0w5R4dcc2KVbNywEViF6QCCjRdc+L4MU45iRRmSMqubSWqlyGhKGZkXHZSSRKEh2hAuppGiBPZy/Ilx/BYKz4MYqFPpGCu/k5kiEs54p52cqRCOT+biv/NuqkKLnoZjZJUkQjPHgpSBlUMp41BnwqCFRtpgrCg+q8Qh0ggrHSvZV2CPb/yImnVa5c1++6s0rgu2iiBQ3AEToANzkED3IImaAEMnsEreAcfxovxZkyMz5l1ySgyB+APjO8fVa6kOQ==</latexit><latexit sha1_base64="7ZwnzRgxF7VChyEtoepl8ISfGx4=">AAACI3icbVBPS8MwHE39O+e/qkcvwSF4mKMdgoqXoRePE5wbrFtJ03QNS9qapMIo+zBe/CpePOjw4sHvYtb1oJsPAi/v9x7J73kJo1JZ1pextLyyurZe2ihvbm3v7Jp7+w8yTgUmLRyzWHQ8JAmjEWkpqhjpJIIg7jHS9oY303n7iQhJ4+hejRLS42gQ0YBipLTkmlfczZxE0jF0JOXwdHpthnTcrzvVKnQeU+TD3BLSfr0w5R4dcc2KVbNywEViF6QCCjRdc+L4MU45iRRmSMqubSWqlyGhKGZkXHZSSRKEh2hAuppGiBPZy/Ilx/BYKz4MYqFPpGCu/k5kiEs54p52cqRCOT+biv/NuqkKLnoZjZJUkQjPHgpSBlUMp41BnwqCFRtpgrCg+q8Qh0ggrHSvZV2CPb/yImnVa5c1++6s0rgu2iiBQ3AEToANzkED3IImaAEMnsEreAcfxovxZkyMz5l1ySgyB+APjO8fVa6kOQ==</latexit><latexit sha1_base64="7ZwnzRgxF7VChyEtoepl8ISfGx4=">AAACI3icbVBPS8MwHE39O+e/qkcvwSF4mKMdgoqXoRePE5wbrFtJ03QNS9qapMIo+zBe/CpePOjw4sHvYtb1oJsPAi/v9x7J73kJo1JZ1pextLyyurZe2ihvbm3v7Jp7+w8yTgUmLRyzWHQ8JAmjEWkpqhjpJIIg7jHS9oY303n7iQhJ4+hejRLS42gQ0YBipLTkmlfczZxE0jF0JOXwdHpthnTcrzvVKnQeU+TD3BLSfr0w5R4dcc2KVbNywEViF6QCCjRdc+L4MU45iRRmSMqubSWqlyGhKGZkXHZSSRKEh2hAuppGiBPZy/Ilx/BYKz4MYqFPpGCu/k5kiEs54p52cqRCOT+biv/NuqkKLnoZjZJUkQjPHgpSBlUMp41BnwqCFRtpgrCg+q8Qh0ggrHSvZV2CPb/yImnVa5c1++6s0rgu2iiBQ3AEToANzkED3IImaAEMnsEreAcfxovxZkyMz5l1ySgyB+APjO8fVa6kOQ==</latexit><latexit sha1_base64="7ZwnzRgxF7VChyEtoepl8ISfGx4=">AAACI3icbVBPS8MwHE39O+e/qkcvwSF4mKMdgoqXoRePE5wbrFtJ03QNS9qapMIo+zBe/CpePOjw4sHvYtb1oJsPAi/v9x7J73kJo1JZ1pextLyyurZe2ihvbm3v7Jp7+w8yTgUmLRyzWHQ8JAmjEWkpqhjpJIIg7jHS9oY303n7iQhJ4+hejRLS42gQ0YBipLTkmlfczZxE0jF0JOXwdHpthnTcrzvVKnQeU+TD3BLSfr0w5R4dcc2KVbNywEViF6QCCjRdc+L4MU45iRRmSMqubSWqlyGhKGZkXHZSSRKEh2hAuppGiBPZy/Ilx/BYKz4MYqFPpGCu/k5kiEs54p52cqRCOT+biv/NuqkKLnoZjZJUkQjPHgpSBlUMp41BnwqCFRtpgrCg+q8Qh0ggrHSvZV2CPb/yImnVa5c1++6s0rgu2iiBQ3AEToANzkED3IImaAEMnsEreAcfxovxZkyMz5l1ySgyB+APjO8fVa6kOQ==</latexit>
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Tests

1. Massive phases, critical lines match 

2. Global symmetries, flavor Hall response 

3. Baryons = monopoles 

4. Dual boundary conditions [Aitken, Karch, Robinson]
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Outline

1. Abelian bosonization 

2. Quivers 

3. A master duality 

4. A fun example 

5. The future
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Emergent symmetries

Common in IR dualities for there to be emergent  
symmetries on one side that are manifest in another
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Emergent symmetries

Common in IR dualities for there to be emergent  
symmetries on one side that are manifest in another

Example: N = 1 , k � 3 , Nf = 2 , Ns = 1
<latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit>
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Emergent symmetries

Example: N = 1 , k � 3 , Nf = 2 , Ns = 1
<latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit>

Theory A: 2 free Dirac  + WF�
<latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit>

Theory B:

31

U(k) 1
2
with 2� ,  

<latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit>



Emergent symmetries

Example: N = 1 , k � 3 , Nf = 2 , Ns = 1
<latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit>

Theory A: 2 free Dirac  + WF�
<latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit>

Theory B:

T-invariant 
SO(4) x U(1)

SU(2) x U(1)2
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U(k) 1
2
with 2� ,  

<latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit>



Emergent symmetries

Example: N = 1 , k � 3 , Nf = 2 , Ns = 1
<latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit><latexit sha1_base64="jurcR8aCzFNyxMZ2T5C+zQP9/Mw=">AAACFXicbVBNS8MwGE7n15xfVY9egkPwMEc7BfUwGHrxNCZYN1hLSbN0C0vTmqTCGPsVXvwrXjyoeBW8+W/MtiK6+ULg+Xhf3rxPkDAqlWV9GbmFxaXllfxqYW19Y3PL3N65lXEqMHFwzGLRCpAkjHLiKKoYaSWCoChgpBn0L8d+854ISWN+owYJ8SLU5TSkGCkt+eZRvWq7pRJ0S7DvdskdPM5Y3Q9hFVZ+mNTM9s2iVbYmBeeBnYEiyKrhm59uJ8ZpRLjCDEnZtq1EeUMkFMWMjApuKkmCcB91SVtDjiIiveHkrBE80EoHhrHQjys4UX9PDFEk5SAKdGeEVE/OemPxP6+dqvDMG1KepIpwPF0UpgyqGI4zgh0qCFZsoAHCguq/QtxDAmGlkyzoEOzZk+eBUymfl+3rk2LtIksjD/bAPjgENjgFNXAFGsABGDyAJ/ACXo1H49l4M96nrTkjm9kFf8r4+AY5EplY</latexit>

Theory A: 2 free Dirac  + WF�
<latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit>

Theory B:

T-invariant 
SO(4) x U(1)

SU(2) x U(1)2

Quantum T-, SO(4)-invariance? 
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U(k) 1
2
with 2� ,  

<latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit>
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Remarkably, this might work!



Emergent symmetries

Remarkably, this might work!

Emergent T-invariance implies four phases, which match:

m 

m2
� m 

�m2
�

,

,

U(1)0
<latexit sha1_base64="DFw1xZxPmvIWj+c4peCDBMJqip0=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrSNQb0YtHTFwggQ3pli5Uuu2m7ZqQDf/Biwc1Xv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWavlV77zv9ssVt+bOgVaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheMsvrxL/onZd8+7rlcZNnkYRTuAUquDBJTTgDprgA4FHeIZXeHOk8+K8Ox+L1oKTzxzDHzifP3iXjfA=</latexit><latexit sha1_base64="DFw1xZxPmvIWj+c4peCDBMJqip0=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrSNQb0YtHTFwggQ3pli5Uuu2m7ZqQDf/Biwc1Xv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWavlV77zv9ssVt+bOgVaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheMsvrxL/onZd8+7rlcZNnkYRTuAUquDBJTTgDprgA4FHeIZXeHOk8+K8Ox+L1oKTzxzDHzifP3iXjfA=</latexit><latexit sha1_base64="DFw1xZxPmvIWj+c4peCDBMJqip0=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrSNQb0YtHTFwggQ3pli5Uuu2m7ZqQDf/Biwc1Xv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWavlV77zv9ssVt+bOgVaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheMsvrxL/onZd8+7rlcZNnkYRTuAUquDBJTTgDprgA4FHeIZXeHOk8+K8Ox+L1oKTzxzDHzifP3iXjfA=</latexit><latexit sha1_base64="DFw1xZxPmvIWj+c4peCDBMJqip0=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrSNQb0YtHTFwggQ3pli5Uuu2m7ZqQDf/Biwc1Xv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWavlV77zv9ssVt+bOgVaJl5MK5Gj2y1+9gSRpTIUhHGvd9dzEBBlWhhFOp6VeqmmCyRgPaddSgWOqg2x+7RSdWWWAIqlsCYPm6u+JDMdaT+LQdsbYjPSyNxP/87qpia6CjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLIheMsvrxL/onZd8+7rlcZNnkYRTuAUquDBJTTgDprgA4FHeIZXeHOk8+K8Ox+L1oKTzxzDHzifP3iXjfA=</latexit>
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2 free Dirac  + WF�
<latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit><latexit sha1_base64="rUIsmn2ciKFN2qR+qfum7Vpr1DM=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCUmaKoO6KirisYG2hU0omvdOGZh4kd8Qy9D/c+CtuXKi4Ezf+jeljoa0HEk7OPZebe/xECo2O823NzS8sLi3nVvKra+sbm/bW9p2OU8WhymMZq7rPNEgRQRUFSqgnCljoS6j5vYthvXYPSos4usV+As2QdSIRCM7QSC275CE8YFaigQKgl0IxTgdeogX1jujh8BobaleD0SPpipZdcIrOCHSWuBNSIBNUWvan1455GkKEXDKtG66TYDNjCgWXMMh7qYaE8R7rQMPQiIWgm9lotwHdN0qbBrEyJ0I6Un93ZCzUuh/6xhky7Orp2lD8r9ZIMThtZiJKUoSIjwcFqaQY02FQtC0UcJR9QxhXwvyV8i4z+aCJM29CcKdXniXVUvGs6N4cF8rnkzRyZJfskQPikhNSJtekQqqEk0fyTF7Jm/VkvVjv1sfYOmdNenbIH1hfPxBcnyE=</latexit>

U(k) 1
2
with 2� ,  

<latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit><latexit sha1_base64="mef3mzN/Ap1+Ivnc8/ygrBifPOo=">AAACGHicbVDLSsNAFJ3UV62vqks3g0WoUEpSBHVXdOOygrGFJpTJdNIOnTyYuVFLyG+48VfcuFBx251/47TNQlsP98LhnHuZuceLBVdgmt9GYWV1bX2juFna2t7Z3SvvH9yrKJGU2TQSkex4RDHBQ2YDB8E6sWQk8ARre6Prqd9+YFLxKLyDcczcgAxC7nNKQEu9smlXR6e91PEloamVpY0sww6wJ0jxI4chzhpOa8idWg07ulqK98oVs27OgJeJlZMKytHqlSdOP6JJwEKggijVtcwY3JRI4FSwrOQkisWEjsiAdTUNScCUm84uy/CJVvrYj6TuEPBM/b2RkkCpceDpyYDAUC16U/E/r5uAf+GmPIwTYCGdP+QnAkOEpzHhPpeMghhrQqjk+q+YDokOCXSYJR2CtXjyMrEb9cu6dXtWaV7laRTRETpGVWShc9REN6iFbETRM3pF7+jDeDHejE/jaz5aMPKdQ/QHxuQHmg6e+g==</latexit>

A:

B:



Emergent symmetries

Dual fermions?

36

(flux)�
<latexit sha1_base64="0LftNqTHinF35kotdoFSs8XUyG4=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcQEL6Q1JuqN6MUjJlZIoCHbZQsbtttmd6qQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7x/r+NUUebRWMSqFRDNBJfMAw6CtRLFSBQI1gyG11O/+cCU5rG8g3HC/Ij0JQ85JWCkrl2udoCNIAtFOpqcdBoD3rUrTs2ZAS8TNycVlKPRtb86vZimEZNABdG67ToJ+BlRwKlgk1In1SwhdEj6rG2oJBHTfjY7fYKPjdLDYaxMScAz9fdERiKtx1FgOiMCA73oTcX/vHYK4YWfcZmkwCSdLwpTgSHG0xxwjytGQYwNIVRxcyumA6IIBZNWyYTgLr68TLzT2mXNvT2r1K/yNIroEB2hKnLROaqjG9RAHqLoET2jV/RmPVkv1rv1MW8tWPnMAfoD6/MHqMKTzw==</latexit><latexit sha1_base64="0LftNqTHinF35kotdoFSs8XUyG4=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcQEL6Q1JuqN6MUjJlZIoCHbZQsbtttmd6qQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7x/r+NUUebRWMSqFRDNBJfMAw6CtRLFSBQI1gyG11O/+cCU5rG8g3HC/Ij0JQ85JWCkrl2udoCNIAtFOpqcdBoD3rUrTs2ZAS8TNycVlKPRtb86vZimEZNABdG67ToJ+BlRwKlgk1In1SwhdEj6rG2oJBHTfjY7fYKPjdLDYaxMScAz9fdERiKtx1FgOiMCA73oTcX/vHYK4YWfcZmkwCSdLwpTgSHG0xxwjytGQYwNIVRxcyumA6IIBZNWyYTgLr68TLzT2mXNvT2r1K/yNIroEB2hKnLROaqjG9RAHqLoET2jV/RmPVkv1rv1MW8tWPnMAfoD6/MHqMKTzw==</latexit><latexit sha1_base64="0LftNqTHinF35kotdoFSs8XUyG4=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcQEL6Q1JuqN6MUjJlZIoCHbZQsbtttmd6qQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7x/r+NUUebRWMSqFRDNBJfMAw6CtRLFSBQI1gyG11O/+cCU5rG8g3HC/Ij0JQ85JWCkrl2udoCNIAtFOpqcdBoD3rUrTs2ZAS8TNycVlKPRtb86vZimEZNABdG67ToJ+BlRwKlgk1In1SwhdEj6rG2oJBHTfjY7fYKPjdLDYaxMScAz9fdERiKtx1FgOiMCA73oTcX/vHYK4YWfcZmkwCSdLwpTgSHG0xxwjytGQYwNIVRxcyumA6IIBZNWyYTgLr68TLzT2mXNvT2r1K/yNIroEB2hKnLROaqjG9RAHqLoET2jV/RmPVkv1rv1MW8tWPnMAfoD6/MHqMKTzw==</latexit><latexit sha1_base64="0LftNqTHinF35kotdoFSs8XUyG4=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcQEL6Q1JuqN6MUjJlZIoCHbZQsbtttmd6qQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7x/r+NUUebRWMSqFRDNBJfMAw6CtRLFSBQI1gyG11O/+cCU5rG8g3HC/Ij0JQ85JWCkrl2udoCNIAtFOpqcdBoD3rUrTs2ZAS8TNycVlKPRtb86vZimEZNABdG67ToJ+BlRwKlgk1In1SwhdEj6rG2oJBHTfjY7fYKPjdLDYaxMScAz9fdERiKtx1FgOiMCA73oTcX/vHYK4YWfcZmkwCSdLwpTgSHG0xxwjytGQYwNIVRxcyumA6IIBZNWyYTgLr68TLzT2mXNvT2r1K/yNIroEB2hKnLROaqjG9RAHqLoET2jV/RmPVkv1rv1MW8tWPnMAfoD6/MHqMKTzw==</latexit>

Extra conserved currents? (flux) ̄��
<latexit sha1_base64="XgG8JXHf6nD5tIqjEAjKduOb4Tk=">AAACCHicbVBNS8NAEN34WetX1KOXxSLUS0lEUG9FLx4jGFtoQtlsN+3SzQe7E2kJvXrxr3jxoOLVn+DNf+OmzUFbHww83pthZl6QCq7Asr6NpeWV1bX1ykZ1c2t7Z9fc279XSSYpc2kiEtkOiGKCx8wFDoK1U8lIFAjWCobXhd96YFLxJL6Dccr8iPRjHnJKQEtdE9c9YCPIQ5GNJideQGTuOYpPsOcMeFFds2Y1rCnwIrFLUkMlnK755fUSmkUsBiqIUh3bSsHPiQROBZtUvUyxlNAh6bOOpjGJmPLz6ScTfKyVHg4TqSsGPFV/T+QkUmocBbozIjBQ814h/ud1Mggv/JzHaQYsprNFYSYwJLiIBfe4ZBTEWBNCJde3YjogklDQ4VV1CPb8y4vEPW1cNuzbs1rzqkyjgg7REaojG52jJrpBDnIRRY/oGb2iN+PJeDHejY9Z65JRzhygPzA+fwD6BpoT</latexit><latexit sha1_base64="XgG8JXHf6nD5tIqjEAjKduOb4Tk=">AAACCHicbVBNS8NAEN34WetX1KOXxSLUS0lEUG9FLx4jGFtoQtlsN+3SzQe7E2kJvXrxr3jxoOLVn+DNf+OmzUFbHww83pthZl6QCq7Asr6NpeWV1bX1ykZ1c2t7Z9fc279XSSYpc2kiEtkOiGKCx8wFDoK1U8lIFAjWCobXhd96YFLxJL6Dccr8iPRjHnJKQEtdE9c9YCPIQ5GNJideQGTuOYpPsOcMeFFds2Y1rCnwIrFLUkMlnK755fUSmkUsBiqIUh3bSsHPiQROBZtUvUyxlNAh6bOOpjGJmPLz6ScTfKyVHg4TqSsGPFV/T+QkUmocBbozIjBQ814h/ud1Mggv/JzHaQYsprNFYSYwJLiIBfe4ZBTEWBNCJde3YjogklDQ4VV1CPb8y4vEPW1cNuzbs1rzqkyjgg7REaojG52jJrpBDnIRRY/oGb2iN+PJeDHejY9Z65JRzhygPzA+fwD6BpoT</latexit><latexit sha1_base64="XgG8JXHf6nD5tIqjEAjKduOb4Tk=">AAACCHicbVBNS8NAEN34WetX1KOXxSLUS0lEUG9FLx4jGFtoQtlsN+3SzQe7E2kJvXrxr3jxoOLVn+DNf+OmzUFbHww83pthZl6QCq7Asr6NpeWV1bX1ykZ1c2t7Z9fc279XSSYpc2kiEtkOiGKCx8wFDoK1U8lIFAjWCobXhd96YFLxJL6Dccr8iPRjHnJKQEtdE9c9YCPIQ5GNJideQGTuOYpPsOcMeFFds2Y1rCnwIrFLUkMlnK755fUSmkUsBiqIUh3bSsHPiQROBZtUvUyxlNAh6bOOpjGJmPLz6ScTfKyVHg4TqSsGPFV/T+QkUmocBbozIjBQ814h/ud1Mggv/JzHaQYsprNFYSYwJLiIBfe4ZBTEWBNCJde3YjogklDQ4VV1CPb8y4vEPW1cNuzbs1rzqkyjgg7REaojG52jJrpBDnIRRY/oGb2iN+PJeDHejY9Z65JRzhygPzA+fwD6BpoT</latexit><latexit sha1_base64="XgG8JXHf6nD5tIqjEAjKduOb4Tk=">AAACCHicbVBNS8NAEN34WetX1KOXxSLUS0lEUG9FLx4jGFtoQtlsN+3SzQe7E2kJvXrxr3jxoOLVn+DNf+OmzUFbHww83pthZl6QCq7Asr6NpeWV1bX1ykZ1c2t7Z9fc279XSSYpc2kiEtkOiGKCx8wFDoK1U8lIFAjWCobXhd96YFLxJL6Dccr8iPRjHnJKQEtdE9c9YCPIQ5GNJideQGTuOYpPsOcMeFFds2Y1rCnwIrFLUkMlnK755fUSmkUsBiqIUh3bSsHPiQROBZtUvUyxlNAh6bOOpjGJmPLz6ScTfKyVHg4TqSsGPFV/T+QkUmocBbozIjBQ814h/ud1Mggv/JzHaQYsprNFYSYwJLiIBfe4ZBTEWBNCJde3YjogklDQ4VV1CPb8y4vEPW1cNuzbs1rzqkyjgg7REaojG52jJrpBDnIRRY/oGb2iN+PJeDHejY9Z65JRzhygPzA+fwD6BpoT</latexit>

spin

1/2

1

SU(2)

2
<latexit sha1_base64="koxKkle0BQqdvsHGNLjIjbVjJfo=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeiF48VjC22pWy2m3bpZhN2X4QS+i+8eFDx6s/x5r9x0+agrQMLw8x77LwJEikMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJxqxn0Wy1i3A2q4FIr7KFDydqI5jQLJW8H4JvdbT1wbEat7nCS8F9GhEqFgFK302I0ojoIwq0/7lapbc2cgy8QrSBUKNPuVr+4gZmnEFTJJjel4boK9jGoUTPJpuZsanlA2pkPesVTRiJteNks8JadWGZAw1vYpJDP190ZGI2MmUWAn84Rm0cvF/7xOiuFlLxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUtmW4C2evEz8eu2q5t2dVxvXRRslOIYTOAMPLqABt9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwD9qZCq</latexit><latexit sha1_base64="koxKkle0BQqdvsHGNLjIjbVjJfo=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeiF48VjC22pWy2m3bpZhN2X4QS+i+8eFDx6s/x5r9x0+agrQMLw8x77LwJEikMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJxqxn0Wy1i3A2q4FIr7KFDydqI5jQLJW8H4JvdbT1wbEat7nCS8F9GhEqFgFK302I0ojoIwq0/7lapbc2cgy8QrSBUKNPuVr+4gZmnEFTJJjel4boK9jGoUTPJpuZsanlA2pkPesVTRiJteNks8JadWGZAw1vYpJDP190ZGI2MmUWAn84Rm0cvF/7xOiuFlLxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUtmW4C2evEz8eu2q5t2dVxvXRRslOIYTOAMPLqABt9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwD9qZCq</latexit><latexit sha1_base64="koxKkle0BQqdvsHGNLjIjbVjJfo=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeiF48VjC22pWy2m3bpZhN2X4QS+i+8eFDx6s/x5r9x0+agrQMLw8x77LwJEikMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJxqxn0Wy1i3A2q4FIr7KFDydqI5jQLJW8H4JvdbT1wbEat7nCS8F9GhEqFgFK302I0ojoIwq0/7lapbc2cgy8QrSBUKNPuVr+4gZmnEFTJJjel4boK9jGoUTPJpuZsanlA2pkPesVTRiJteNks8JadWGZAw1vYpJDP190ZGI2MmUWAn84Rm0cvF/7xOiuFlLxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUtmW4C2evEz8eu2q5t2dVxvXRRslOIYTOAMPLqABt9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwD9qZCq</latexit><latexit sha1_base64="koxKkle0BQqdvsHGNLjIjbVjJfo=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeiF48VjC22pWy2m3bpZhN2X4QS+i+8eFDx6s/x5r9x0+agrQMLw8x77LwJEikMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJxqxn0Wy1i3A2q4FIr7KFDydqI5jQLJW8H4JvdbT1wbEat7nCS8F9GhEqFgFK302I0ojoIwq0/7lapbc2cgy8QrSBUKNPuVr+4gZmnEFTJJjel4boK9jGoUTPJpuZsanlA2pkPesVTRiJteNks8JadWGZAw1vYpJDP190ZGI2MmUWAn84Rm0cvF/7xOiuFlLxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUtmW4C2evEz8eu2q5t2dVxvXRRslOIYTOAMPLqABt9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwD9qZCq</latexit>

1� 3
<latexit sha1_base64="UH3hFAqyB2ZfUalV6sPte6pYbAs=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KooN6KXjxWMLbQhLLZbtqlm92wuxFKyMGLf8WLBxWv/glv/hs3bQRtfTDweG+GmXlhwqjSjvNlVZaWV1bXquu1jc2t7R17d+9OiVRi4mHBhOyGSBFGOfE01Yx0E0lQHDLSCcdXhd+5J1JRwW/1JCFBjIacRhQjbaS+XfdjpEdhlLm5LxKWKvgjnOR9u+E0nSngInFL0gAl2n370x8InMaEa8yQUj3XSXSQIakpZiSv+akiCcJjNCQ9QzmKiQqy6RM5PDTKAEZCmuIaTtXfExmKlZrEoeksLlTzXiH+5/VSHZ0HGeVJqgnHs0VRyqAWsEgEDqgkWLOJIQhLam6FeIQkwtrkVjMhuPMvLxLvuHnRdG9OG63LMo0qqIMDcARccAZa4Bq0gQcweABP4AW8Wo/Ws/Vmvc9aK1Y5sw/+wPr4BnQtmCw=</latexit><latexit sha1_base64="UH3hFAqyB2ZfUalV6sPte6pYbAs=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KooN6KXjxWMLbQhLLZbtqlm92wuxFKyMGLf8WLBxWv/glv/hs3bQRtfTDweG+GmXlhwqjSjvNlVZaWV1bXquu1jc2t7R17d+9OiVRi4mHBhOyGSBFGOfE01Yx0E0lQHDLSCcdXhd+5J1JRwW/1JCFBjIacRhQjbaS+XfdjpEdhlLm5LxKWKvgjnOR9u+E0nSngInFL0gAl2n370x8InMaEa8yQUj3XSXSQIakpZiSv+akiCcJjNCQ9QzmKiQqy6RM5PDTKAEZCmuIaTtXfExmKlZrEoeksLlTzXiH+5/VSHZ0HGeVJqgnHs0VRyqAWsEgEDqgkWLOJIQhLam6FeIQkwtrkVjMhuPMvLxLvuHnRdG9OG63LMo0qqIMDcARccAZa4Bq0gQcweABP4AW8Wo/Ws/Vmvc9aK1Y5sw/+wPr4BnQtmCw=</latexit><latexit sha1_base64="UH3hFAqyB2ZfUalV6sPte6pYbAs=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KooN6KXjxWMLbQhLLZbtqlm92wuxFKyMGLf8WLBxWv/glv/hs3bQRtfTDweG+GmXlhwqjSjvNlVZaWV1bXquu1jc2t7R17d+9OiVRi4mHBhOyGSBFGOfE01Yx0E0lQHDLSCcdXhd+5J1JRwW/1JCFBjIacRhQjbaS+XfdjpEdhlLm5LxKWKvgjnOR9u+E0nSngInFL0gAl2n370x8InMaEa8yQUj3XSXSQIakpZiSv+akiCcJjNCQ9QzmKiQqy6RM5PDTKAEZCmuIaTtXfExmKlZrEoeksLlTzXiH+5/VSHZ0HGeVJqgnHs0VRyqAWsEgEDqgkWLOJIQhLam6FeIQkwtrkVjMhuPMvLxLvuHnRdG9OG63LMo0qqIMDcARccAZa4Bq0gQcweABP4AW8Wo/Ws/Vmvc9aK1Y5sw/+wPr4BnQtmCw=</latexit><latexit sha1_base64="UH3hFAqyB2ZfUalV6sPte6pYbAs=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KooN6KXjxWMLbQhLLZbtqlm92wuxFKyMGLf8WLBxWv/glv/hs3bQRtfTDweG+GmXlhwqjSjvNlVZaWV1bXquu1jc2t7R17d+9OiVRi4mHBhOyGSBFGOfE01Yx0E0lQHDLSCcdXhd+5J1JRwW/1JCFBjIacRhQjbaS+XfdjpEdhlLm5LxKWKvgjnOR9u+E0nSngInFL0gAl2n370x8InMaEa8yQUj3XSXSQIakpZiSv+akiCcJjNCQ9QzmKiQqy6RM5PDTKAEZCmuIaTtXfExmKlZrEoeksLlTzXiH+5/VSHZ0HGeVJqgnHs0VRyqAWsEgEDqgkWLOJIQhLam6FeIQkwtrkVjMhuPMvLxLvuHnRdG9OG63LMo0qqIMDcARccAZa4Bq0gQcweABP4AW8Wo/Ws/Vmvc9aK1Y5sw/+wPr4BnQtmCw=</latexit>

Remarkably, this might work!



Emergent symmetries

37

(flux)�
<latexit sha1_base64="0LftNqTHinF35kotdoFSs8XUyG4=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcQEL6Q1JuqN6MUjJlZIoCHbZQsbtttmd6qQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7x/r+NUUebRWMSqFRDNBJfMAw6CtRLFSBQI1gyG11O/+cCU5rG8g3HC/Ij0JQ85JWCkrl2udoCNIAtFOpqcdBoD3rUrTs2ZAS8TNycVlKPRtb86vZimEZNABdG67ToJ+BlRwKlgk1In1SwhdEj6rG2oJBHTfjY7fYKPjdLDYaxMScAz9fdERiKtx1FgOiMCA73oTcX/vHYK4YWfcZmkwCSdLwpTgSHG0xxwjytGQYwNIVRxcyumA6IIBZNWyYTgLr68TLzT2mXNvT2r1K/yNIroEB2hKnLROaqjG9RAHqLoET2jV/RmPVkv1rv1MW8tWPnMAfoD6/MHqMKTzw==</latexit><latexit sha1_base64="0LftNqTHinF35kotdoFSs8XUyG4=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcQEL6Q1JuqN6MUjJlZIoCHbZQsbtttmd6qQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7x/r+NUUebRWMSqFRDNBJfMAw6CtRLFSBQI1gyG11O/+cCU5rG8g3HC/Ij0JQ85JWCkrl2udoCNIAtFOpqcdBoD3rUrTs2ZAS8TNycVlKPRtb86vZimEZNABdG67ToJ+BlRwKlgk1In1SwhdEj6rG2oJBHTfjY7fYKPjdLDYaxMScAz9fdERiKtx1FgOiMCA73oTcX/vHYK4YWfcZmkwCSdLwpTgSHG0xxwjytGQYwNIVRxcyumA6IIBZNWyYTgLr68TLzT2mXNvT2r1K/yNIroEB2hKnLROaqjG9RAHqLoET2jV/RmPVkv1rv1MW8tWPnMAfoD6/MHqMKTzw==</latexit><latexit sha1_base64="0LftNqTHinF35kotdoFSs8XUyG4=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcQEL6Q1JuqN6MUjJlZIoCHbZQsbtttmd6qQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7x/r+NUUebRWMSqFRDNBJfMAw6CtRLFSBQI1gyG11O/+cCU5rG8g3HC/Ij0JQ85JWCkrl2udoCNIAtFOpqcdBoD3rUrTs2ZAS8TNycVlKPRtb86vZimEZNABdG67ToJ+BlRwKlgk1In1SwhdEj6rG2oJBHTfjY7fYKPjdLDYaxMScAz9fdERiKtx1FgOiMCA73oTcX/vHYK4YWfcZmkwCSdLwpTgSHG0xxwjytGQYwNIVRxcyumA6IIBZNWyYTgLr68TLzT2mXNvT2r1K/yNIroEB2hKnLROaqjG9RAHqLoET2jV/RmPVkv1rv1MW8tWPnMAfoD6/MHqMKTzw==</latexit><latexit sha1_base64="0LftNqTHinF35kotdoFSs8XUyG4=">AAAB+XicbVBNT8JAEN3iF+JX0aOXjcQEL6Q1JuqN6MUjJlZIoCHbZQsbtttmd6qQyk/x4kGNV/+JN/+NC/Sg4EsmeXlvJjPzgkRwDY7zbRVWVtfWN4qbpa3tnd09u7x/r+NUUebRWMSqFRDNBJfMAw6CtRLFSBQI1gyG11O/+cCU5rG8g3HC/Ij0JQ85JWCkrl2udoCNIAtFOpqcdBoD3rUrTs2ZAS8TNycVlKPRtb86vZimEZNABdG67ToJ+BlRwKlgk1In1SwhdEj6rG2oJBHTfjY7fYKPjdLDYaxMScAz9fdERiKtx1FgOiMCA73oTcX/vHYK4YWfcZmkwCSdLwpTgSHG0xxwjytGQYwNIVRxcyumA6IIBZNWyYTgLr68TLzT2mXNvT2r1K/yNIroEB2hKnLROaqjG9RAHqLoET2jV/RmPVkv1rv1MW8tWPnMAfoD6/MHqMKTzw==</latexit>

(flux) ̄��
<latexit sha1_base64="XgG8JXHf6nD5tIqjEAjKduOb4Tk=">AAACCHicbVBNS8NAEN34WetX1KOXxSLUS0lEUG9FLx4jGFtoQtlsN+3SzQe7E2kJvXrxr3jxoOLVn+DNf+OmzUFbHww83pthZl6QCq7Asr6NpeWV1bX1ykZ1c2t7Z9fc279XSSYpc2kiEtkOiGKCx8wFDoK1U8lIFAjWCobXhd96YFLxJL6Dccr8iPRjHnJKQEtdE9c9YCPIQ5GNJideQGTuOYpPsOcMeFFds2Y1rCnwIrFLUkMlnK755fUSmkUsBiqIUh3bSsHPiQROBZtUvUyxlNAh6bOOpjGJmPLz6ScTfKyVHg4TqSsGPFV/T+QkUmocBbozIjBQ814h/ud1Mggv/JzHaQYsprNFYSYwJLiIBfe4ZBTEWBNCJde3YjogklDQ4VV1CPb8y4vEPW1cNuzbs1rzqkyjgg7REaojG52jJrpBDnIRRY/oGb2iN+PJeDHejY9Z65JRzhygPzA+fwD6BpoT</latexit><latexit sha1_base64="XgG8JXHf6nD5tIqjEAjKduOb4Tk=">AAACCHicbVBNS8NAEN34WetX1KOXxSLUS0lEUG9FLx4jGFtoQtlsN+3SzQe7E2kJvXrxr3jxoOLVn+DNf+OmzUFbHww83pthZl6QCq7Asr6NpeWV1bX1ykZ1c2t7Z9fc279XSSYpc2kiEtkOiGKCx8wFDoK1U8lIFAjWCobXhd96YFLxJL6Dccr8iPRjHnJKQEtdE9c9YCPIQ5GNJideQGTuOYpPsOcMeFFds2Y1rCnwIrFLUkMlnK755fUSmkUsBiqIUh3bSsHPiQROBZtUvUyxlNAh6bOOpjGJmPLz6ScTfKyVHg4TqSsGPFV/T+QkUmocBbozIjBQ814h/ud1Mggv/JzHaQYsprNFYSYwJLiIBfe4ZBTEWBNCJde3YjogklDQ4VV1CPb8y4vEPW1cNuzbs1rzqkyjgg7REaojG52jJrpBDnIRRY/oGb2iN+PJeDHejY9Z65JRzhygPzA+fwD6BpoT</latexit><latexit sha1_base64="XgG8JXHf6nD5tIqjEAjKduOb4Tk=">AAACCHicbVBNS8NAEN34WetX1KOXxSLUS0lEUG9FLx4jGFtoQtlsN+3SzQe7E2kJvXrxr3jxoOLVn+DNf+OmzUFbHww83pthZl6QCq7Asr6NpeWV1bX1ykZ1c2t7Z9fc279XSSYpc2kiEtkOiGKCx8wFDoK1U8lIFAjWCobXhd96YFLxJL6Dccr8iPRjHnJKQEtdE9c9YCPIQ5GNJideQGTuOYpPsOcMeFFds2Y1rCnwIrFLUkMlnK755fUSmkUsBiqIUh3bSsHPiQROBZtUvUyxlNAh6bOOpjGJmPLz6ScTfKyVHg4TqSsGPFV/T+QkUmocBbozIjBQ814h/ud1Mggv/JzHaQYsprNFYSYwJLiIBfe4ZBTEWBNCJde3YjogklDQ4VV1CPb8y4vEPW1cNuzbs1rzqkyjgg7REaojG52jJrpBDnIRRY/oGb2iN+PJeDHejY9Z65JRzhygPzA+fwD6BpoT</latexit><latexit sha1_base64="XgG8JXHf6nD5tIqjEAjKduOb4Tk=">AAACCHicbVBNS8NAEN34WetX1KOXxSLUS0lEUG9FLx4jGFtoQtlsN+3SzQe7E2kJvXrxr3jxoOLVn+DNf+OmzUFbHww83pthZl6QCq7Asr6NpeWV1bX1ykZ1c2t7Z9fc279XSSYpc2kiEtkOiGKCx8wFDoK1U8lIFAjWCobXhd96YFLxJL6Dccr8iPRjHnJKQEtdE9c9YCPIQ5GNJideQGTuOYpPsOcMeFFds2Y1rCnwIrFLUkMlnK755fUSmkUsBiqIUh3bSsHPiQROBZtUvUyxlNAh6bOOpjGJmPLz6ScTfKyVHg4TqSsGPFV/T+QkUmocBbozIjBQ814h/ud1Mggv/JzHaQYsprNFYSYwJLiIBfe4ZBTEWBNCJde3YjogklDQ4VV1CPb8y4vEPW1cNuzbs1rzqkyjgg7REaojG52jJrpBDnIRRY/oGb2iN+PJeDHejY9Z65JRzhygPzA+fwD6BpoT</latexit>

spin

1/2

1

SU(2)

2
<latexit sha1_base64="koxKkle0BQqdvsHGNLjIjbVjJfo=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeiF48VjC22pWy2m3bpZhN2X4QS+i+8eFDx6s/x5r9x0+agrQMLw8x77LwJEikMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJxqxn0Wy1i3A2q4FIr7KFDydqI5jQLJW8H4JvdbT1wbEat7nCS8F9GhEqFgFK302I0ojoIwq0/7lapbc2cgy8QrSBUKNPuVr+4gZmnEFTJJjel4boK9jGoUTPJpuZsanlA2pkPesVTRiJteNks8JadWGZAw1vYpJDP190ZGI2MmUWAn84Rm0cvF/7xOiuFlLxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUtmW4C2evEz8eu2q5t2dVxvXRRslOIYTOAMPLqABt9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwD9qZCq</latexit><latexit sha1_base64="koxKkle0BQqdvsHGNLjIjbVjJfo=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeiF48VjC22pWy2m3bpZhN2X4QS+i+8eFDx6s/x5r9x0+agrQMLw8x77LwJEikMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJxqxn0Wy1i3A2q4FIr7KFDydqI5jQLJW8H4JvdbT1wbEat7nCS8F9GhEqFgFK302I0ojoIwq0/7lapbc2cgy8QrSBUKNPuVr+4gZmnEFTJJjel4boK9jGoUTPJpuZsanlA2pkPesVTRiJteNks8JadWGZAw1vYpJDP190ZGI2MmUWAn84Rm0cvF/7xOiuFlLxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUtmW4C2evEz8eu2q5t2dVxvXRRslOIYTOAMPLqABt9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwD9qZCq</latexit><latexit sha1_base64="koxKkle0BQqdvsHGNLjIjbVjJfo=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeiF48VjC22pWy2m3bpZhN2X4QS+i+8eFDx6s/x5r9x0+agrQMLw8x77LwJEikMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJxqxn0Wy1i3A2q4FIr7KFDydqI5jQLJW8H4JvdbT1wbEat7nCS8F9GhEqFgFK302I0ojoIwq0/7lapbc2cgy8QrSBUKNPuVr+4gZmnEFTJJjel4boK9jGoUTPJpuZsanlA2pkPesVTRiJteNks8JadWGZAw1vYpJDP190ZGI2MmUWAn84Rm0cvF/7xOiuFlLxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUtmW4C2evEz8eu2q5t2dVxvXRRslOIYTOAMPLqABt9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwD9qZCq</latexit><latexit sha1_base64="koxKkle0BQqdvsHGNLjIjbVjJfo=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeiF48VjC22pWy2m3bpZhN2X4QS+i+8eFDx6s/x5r9x0+agrQMLw8x77LwJEikMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJxqxn0Wy1i3A2q4FIr7KFDydqI5jQLJW8H4JvdbT1wbEat7nCS8F9GhEqFgFK302I0ojoIwq0/7lapbc2cgy8QrSBUKNPuVr+4gZmnEFTJJjel4boK9jGoUTPJpuZsanlA2pkPesVTRiJteNks8JadWGZAw1vYpJDP190ZGI2MmUWAn84Rm0cvF/7xOiuFlLxMqSZErNv8oTCXBmOTnk4HQnKGcWEKZFjYrYSOqKUNbUtmW4C2evEz8eu2q5t2dVxvXRRslOIYTOAMPLqABt9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwD9qZCq</latexit>

1� 3
<latexit sha1_base64="UH3hFAqyB2ZfUalV6sPte6pYbAs=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KooN6KXjxWMLbQhLLZbtqlm92wuxFKyMGLf8WLBxWv/glv/hs3bQRtfTDweG+GmXlhwqjSjvNlVZaWV1bXquu1jc2t7R17d+9OiVRi4mHBhOyGSBFGOfE01Yx0E0lQHDLSCcdXhd+5J1JRwW/1JCFBjIacRhQjbaS+XfdjpEdhlLm5LxKWKvgjnOR9u+E0nSngInFL0gAl2n370x8InMaEa8yQUj3XSXSQIakpZiSv+akiCcJjNCQ9QzmKiQqy6RM5PDTKAEZCmuIaTtXfExmKlZrEoeksLlTzXiH+5/VSHZ0HGeVJqgnHs0VRyqAWsEgEDqgkWLOJIQhLam6FeIQkwtrkVjMhuPMvLxLvuHnRdG9OG63LMo0qqIMDcARccAZa4Bq0gQcweABP4AW8Wo/Ws/Vmvc9aK1Y5sw/+wPr4BnQtmCw=</latexit><latexit sha1_base64="UH3hFAqyB2ZfUalV6sPte6pYbAs=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KooN6KXjxWMLbQhLLZbtqlm92wuxFKyMGLf8WLBxWv/glv/hs3bQRtfTDweG+GmXlhwqjSjvNlVZaWV1bXquu1jc2t7R17d+9OiVRi4mHBhOyGSBFGOfE01Yx0E0lQHDLSCcdXhd+5J1JRwW/1JCFBjIacRhQjbaS+XfdjpEdhlLm5LxKWKvgjnOR9u+E0nSngInFL0gAl2n370x8InMaEa8yQUj3XSXSQIakpZiSv+akiCcJjNCQ9QzmKiQqy6RM5PDTKAEZCmuIaTtXfExmKlZrEoeksLlTzXiH+5/VSHZ0HGeVJqgnHs0VRyqAWsEgEDqgkWLOJIQhLam6FeIQkwtrkVjMhuPMvLxLvuHnRdG9OG63LMo0qqIMDcARccAZa4Bq0gQcweABP4AW8Wo/Ws/Vmvc9aK1Y5sw/+wPr4BnQtmCw=</latexit><latexit sha1_base64="UH3hFAqyB2ZfUalV6sPte6pYbAs=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KooN6KXjxWMLbQhLLZbtqlm92wuxFKyMGLf8WLBxWv/glv/hs3bQRtfTDweG+GmXlhwqjSjvNlVZaWV1bXquu1jc2t7R17d+9OiVRi4mHBhOyGSBFGOfE01Yx0E0lQHDLSCcdXhd+5J1JRwW/1JCFBjIacRhQjbaS+XfdjpEdhlLm5LxKWKvgjnOR9u+E0nSngInFL0gAl2n370x8InMaEa8yQUj3XSXSQIakpZiSv+akiCcJjNCQ9QzmKiQqy6RM5PDTKAEZCmuIaTtXfExmKlZrEoeksLlTzXiH+5/VSHZ0HGeVJqgnHs0VRyqAWsEgEDqgkWLOJIQhLam6FeIQkwtrkVjMhuPMvLxLvuHnRdG9OG63LMo0qqIMDcARccAZa4Bq0gQcweABP4AW8Wo/Ws/Vmvc9aK1Y5sw/+wPr4BnQtmCw=</latexit><latexit sha1_base64="UH3hFAqyB2ZfUalV6sPte6pYbAs=">AAACA3icbVBNS8NAEN3Ur1q/oh57WSyCp5KooN6KXjxWMLbQhLLZbtqlm92wuxFKyMGLf8WLBxWv/glv/hs3bQRtfTDweG+GmXlhwqjSjvNlVZaWV1bXquu1jc2t7R17d+9OiVRi4mHBhOyGSBFGOfE01Yx0E0lQHDLSCcdXhd+5J1JRwW/1JCFBjIacRhQjbaS+XfdjpEdhlLm5LxKWKvgjnOR9u+E0nSngInFL0gAl2n370x8InMaEa8yQUj3XSXSQIakpZiSv+akiCcJjNCQ9QzmKiQqy6RM5PDTKAEZCmuIaTtXfExmKlZrEoeksLlTzXiH+5/VSHZ0HGeVJqgnHs0VRyqAWsEgEDqgkWLOJIQhLam6FeIQkwtrkVjMhuPMvLxLvuHnRdG9OG63LMo0qqIMDcARccAZa4Bq0gQcweABP4AW8Wo/Ws/Vmvc9aK1Y5sw/+wPr4BnQtmCw=</latexit>

right quantum numbers  
to enhance global symmetry

SU(2)⇥ U(1)2 ! SO(4)⇥ U(1)
<latexit sha1_base64="9cdQ0W91idyN88Njp6p2p3RxSvw=">AAACEHicbVC9TsMwGHT4LeUvwMhiUSGlS5VUlYCtgoWNohJaqQmV4zqtVceJbAepivoKLLwKCwMgVkY23ga3zVBaTrJ0uvs+fb4LEkalsu0fY2V1bX1js7BV3N7Z3ds3Dw7vZZwKTFwcs1i0AyQJo5y4iipG2okgKAoYaQXDq4nfeiRC0pjfqVFC/Aj1OQ0pRkpLXdNqula17CkaEQldyyk/VKGnYti8sWplOKd3zZJdsaeAy8TJSQnkaHTNb68X4zQiXGGGpOw4dqL8DAlFMSPjopdKkiA8RH3S0ZQjfcnPponG8FQrPRjGQj+u4FSd38hQJOUoCvRkhNRALnoT8T+vk6rw3M8oT1JFOJ4dClMGdeRJPbBHBcGKjTRBWFD9V4gHSCCsdIlFXYKzGHmZuNXKRcW5rZXql3kbBXAMToAFHHAG6uAaNIALMHgCL+ANvBvPxqvxYXzORleMfOcI/IHx9QvlFJl6</latexit><latexit sha1_base64="9cdQ0W91idyN88Njp6p2p3RxSvw=">AAACEHicbVC9TsMwGHT4LeUvwMhiUSGlS5VUlYCtgoWNohJaqQmV4zqtVceJbAepivoKLLwKCwMgVkY23ga3zVBaTrJ0uvs+fb4LEkalsu0fY2V1bX1js7BV3N7Z3ds3Dw7vZZwKTFwcs1i0AyQJo5y4iipG2okgKAoYaQXDq4nfeiRC0pjfqVFC/Aj1OQ0pRkpLXdNqula17CkaEQldyyk/VKGnYti8sWplOKd3zZJdsaeAy8TJSQnkaHTNb68X4zQiXGGGpOw4dqL8DAlFMSPjopdKkiA8RH3S0ZQjfcnPponG8FQrPRjGQj+u4FSd38hQJOUoCvRkhNRALnoT8T+vk6rw3M8oT1JFOJ4dClMGdeRJPbBHBcGKjTRBWFD9V4gHSCCsdIlFXYKzGHmZuNXKRcW5rZXql3kbBXAMToAFHHAG6uAaNIALMHgCL+ANvBvPxqvxYXzORleMfOcI/IHx9QvlFJl6</latexit><latexit sha1_base64="9cdQ0W91idyN88Njp6p2p3RxSvw=">AAACEHicbVC9TsMwGHT4LeUvwMhiUSGlS5VUlYCtgoWNohJaqQmV4zqtVceJbAepivoKLLwKCwMgVkY23ga3zVBaTrJ0uvs+fb4LEkalsu0fY2V1bX1js7BV3N7Z3ds3Dw7vZZwKTFwcs1i0AyQJo5y4iipG2okgKAoYaQXDq4nfeiRC0pjfqVFC/Aj1OQ0pRkpLXdNqula17CkaEQldyyk/VKGnYti8sWplOKd3zZJdsaeAy8TJSQnkaHTNb68X4zQiXGGGpOw4dqL8DAlFMSPjopdKkiA8RH3S0ZQjfcnPponG8FQrPRjGQj+u4FSd38hQJOUoCvRkhNRALnoT8T+vk6rw3M8oT1JFOJ4dClMGdeRJPbBHBcGKjTRBWFD9V4gHSCCsdIlFXYKzGHmZuNXKRcW5rZXql3kbBXAMToAFHHAG6uAaNIALMHgCL+ANvBvPxqvxYXzORleMfOcI/IHx9QvlFJl6</latexit><latexit sha1_base64="9cdQ0W91idyN88Njp6p2p3RxSvw=">AAACEHicbVC9TsMwGHT4LeUvwMhiUSGlS5VUlYCtgoWNohJaqQmV4zqtVceJbAepivoKLLwKCwMgVkY23ga3zVBaTrJ0uvs+fb4LEkalsu0fY2V1bX1js7BV3N7Z3ds3Dw7vZZwKTFwcs1i0AyQJo5y4iipG2okgKAoYaQXDq4nfeiRC0pjfqVFC/Aj1OQ0pRkpLXdNqula17CkaEQldyyk/VKGnYti8sWplOKd3zZJdsaeAy8TJSQnkaHTNb68X4zQiXGGGpOw4dqL8DAlFMSPjopdKkiA8RH3S0ZQjfcnPponG8FQrPRjGQj+u4FSd38hQJOUoCvRkhNRALnoT8T+vk6rw3M8oT1JFOJ4dClMGdeRJPbBHBcGKjTRBWFD9V4gHSCCsdIlFXYKzGHmZuNXKRcW5rZXql3kbBXAMToAFHHAG6uAaNIALMHgCL+ANvBvPxqvxYXzORleMfOcI/IHx9QvlFJl6</latexit>

Dual fermions?

Extra conserved currents?

Remarkably, this might work!
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N=1 dualities

[Bashmakov, Gomis, Komargodski, Sharon] 
[Benini, Benvenuti]

Very recently conjectured dualities for N=1 CSM
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N=1 dualities

[Bashmakov, Gomis, Komargodski, Sharon] 
[Benini, Benvenuti]

Very recently conjectured dualities for N=1 CSM

[B2]:

40

[BGKS]:
+ radiatively induced

W = +|�|4
<latexit sha1_base64="bj06/Uxb2517wfdWbXPuszSm8Uo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoihepBKHrxWMHYQpuWzXbTLt1swu5GKWn/hxcPKl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1ldW9/Ibxa2tnd294r7Bw8qSiShLol4JJs+VpQzQV3NNKfNWFIc+pw2/OHN1G88UqlYJO71KKZeiPuCBYxgbaROA12hMzRu1wds3Kl0iyW7bM+AlomTkRJkqHeLX+1eRJKQCk04Vqrl2LH2Uiw1I5xOCu1E0RiTIe7TlqECh1R56ezqCToxSg8FkTQlNJqpvydSHCo1Cn3TGWI9UIveVPzPayU6uPBSJuJEU0Hmi4KEIx2haQSoxyQlmo8MwUQycysiAywx0SaoggnBWXx5mbjn5cuyc1cp1a6zNPJwBMdwCg5UoQa3UAcXCEh4hld4s56sF+vd+pi35qxs5hD+wPr8AdzPkQA=</latexit><latexit sha1_base64="bj06/Uxb2517wfdWbXPuszSm8Uo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoihepBKHrxWMHYQpuWzXbTLt1swu5GKWn/hxcPKl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1ldW9/Ibxa2tnd294r7Bw8qSiShLol4JJs+VpQzQV3NNKfNWFIc+pw2/OHN1G88UqlYJO71KKZeiPuCBYxgbaROA12hMzRu1wds3Kl0iyW7bM+AlomTkRJkqHeLX+1eRJKQCk04Vqrl2LH2Uiw1I5xOCu1E0RiTIe7TlqECh1R56ezqCToxSg8FkTQlNJqpvydSHCo1Cn3TGWI9UIveVPzPayU6uPBSJuJEU0Hmi4KEIx2haQSoxyQlmo8MwUQycysiAywx0SaoggnBWXx5mbjn5cuyc1cp1a6zNPJwBMdwCg5UoQa3UAcXCEh4hld4s56sF+vd+pi35qxs5hD+wPr8AdzPkQA=</latexit><latexit sha1_base64="bj06/Uxb2517wfdWbXPuszSm8Uo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoihepBKHrxWMHYQpuWzXbTLt1swu5GKWn/hxcPKl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1ldW9/Ibxa2tnd294r7Bw8qSiShLol4JJs+VpQzQV3NNKfNWFIc+pw2/OHN1G88UqlYJO71KKZeiPuCBYxgbaROA12hMzRu1wds3Kl0iyW7bM+AlomTkRJkqHeLX+1eRJKQCk04Vqrl2LH2Uiw1I5xOCu1E0RiTIe7TlqECh1R56ezqCToxSg8FkTQlNJqpvydSHCo1Cn3TGWI9UIveVPzPayU6uPBSJuJEU0Hmi4KEIx2haQSoxyQlmo8MwUQycysiAywx0SaoggnBWXx5mbjn5cuyc1cp1a6zNPJwBMdwCg5UoQa3UAcXCEh4hld4s56sF+vd+pi35qxs5hD+wPr8AdzPkQA=</latexit><latexit sha1_base64="bj06/Uxb2517wfdWbXPuszSm8Uo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoihepBKHrxWMHYQpuWzXbTLt1swu5GKWn/hxcPKl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1ldW9/Ibxa2tnd294r7Bw8qSiShLol4JJs+VpQzQV3NNKfNWFIc+pw2/OHN1G88UqlYJO71KKZeiPuCBYxgbaROA12hMzRu1wds3Kl0iyW7bM+AlomTkRJkqHeLX+1eRJKQCk04Vqrl2LH2Uiw1I5xOCu1E0RiTIe7TlqECh1R56ezqCToxSg8FkTQlNJqpvydSHCo1Cn3TGWI9UIveVPzPayU6uPBSJuJEU0Hmi4KEIx2haQSoxyQlmo8MwUQycysiAywx0SaoggnBWXx5mbjn5cuyc1cp1a6zNPJwBMdwCg5UoQa3UAcXCEh4hld4s56sF+vd+pi35qxs5hD+wPr8AdzPkQA=</latexit>



Tests at large N, high temperature

Large N limit is soluble: CSM is vector-like 

High-temperature free energy computable 
[Aharony, Giombi, Gur-Ari, Maldacena, Yacoby] 
[Jain, Minwalla, Sharma, Takimi, Wadia, Yokoyama]

currently: adapting to theories with multiple  ,�
<latexit sha1_base64="5hIZilx5u1BgQ4tEku/IVf+xpQU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECuqt6MVjBWOLTSib7aZdutksuxuhhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zMiyRn2rjut1NaWV1b3yhvVra2d3b3qvsHDzrNFKE+SXmqOhHWlDNBfcMMpx2pKE4iTtvR6Gbqt5+o0iwV92YsaZjggWAxI9hY6TGQmp2hQA5Zr1pz6+4MaJl4BalBgVav+hX0U5IlVBjCsdZdz5UmzLEyjHA6qQSZphKTER7QrqUCJ1SH+eziCTqxSh/FqbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmvgxzJmRmqCDzRXHGkUnR9H3UZ4oSw8eWYKKYvRWRIVaYGBtSxYbgLb68TPzz+lXdu2vUmtdFGmU4gmM4BQ8uoAm30AIfCAh4hld4c7Tz4rw7H/PWklPMHMIfOJ8/YBaQQw==</latexit><latexit sha1_base64="5hIZilx5u1BgQ4tEku/IVf+xpQU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECuqt6MVjBWOLTSib7aZdutksuxuhhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zMiyRn2rjut1NaWV1b3yhvVra2d3b3qvsHDzrNFKE+SXmqOhHWlDNBfcMMpx2pKE4iTtvR6Gbqt5+o0iwV92YsaZjggWAxI9hY6TGQmp2hQA5Zr1pz6+4MaJl4BalBgVav+hX0U5IlVBjCsdZdz5UmzLEyjHA6qQSZphKTER7QrqUCJ1SH+eziCTqxSh/FqbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmvgxzJmRmqCDzRXHGkUnR9H3UZ4oSw8eWYKKYvRWRIVaYGBtSxYbgLb68TPzz+lXdu2vUmtdFGmU4gmM4BQ8uoAm30AIfCAh4hld4c7Tz4rw7H/PWklPMHMIfOJ8/YBaQQw==</latexit><latexit sha1_base64="5hIZilx5u1BgQ4tEku/IVf+xpQU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECuqt6MVjBWOLTSib7aZdutksuxuhhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zMiyRn2rjut1NaWV1b3yhvVra2d3b3qvsHDzrNFKE+SXmqOhHWlDNBfcMMpx2pKE4iTtvR6Gbqt5+o0iwV92YsaZjggWAxI9hY6TGQmp2hQA5Zr1pz6+4MaJl4BalBgVav+hX0U5IlVBjCsdZdz5UmzLEyjHA6qQSZphKTER7QrqUCJ1SH+eziCTqxSh/FqbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmvgxzJmRmqCDzRXHGkUnR9H3UZ4oSw8eWYKKYvRWRIVaYGBtSxYbgLb68TPzz+lXdu2vUmtdFGmU4gmM4BQ8uoAm30AIfCAh4hld4c7Tz4rw7H/PWklPMHMIfOJ8/YBaQQw==</latexit><latexit sha1_base64="5hIZilx5u1BgQ4tEku/IVf+xpQU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RECuqt6MVjBWOLTSib7aZdutksuxuhhP4LLx5UvPpzvPlv3LY5aOuDgcd7M8zMiyRn2rjut1NaWV1b3yhvVra2d3b3qvsHDzrNFKE+SXmqOhHWlDNBfcMMpx2pKE4iTtvR6Gbqt5+o0iwV92YsaZjggWAxI9hY6TGQmp2hQA5Zr1pz6+4MaJl4BalBgVav+hX0U5IlVBjCsdZdz5UmzLEyjHA6qQSZphKTER7QrqUCJ1SH+eziCTqxSh/FqbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmvgxzJmRmqCDzRXHGkUnR9H3UZ4oSw8eWYKKYvRWRIVaYGBtSxYbgLb68TPzz+lXdu2vUmtdFGmU4gmM4BQ8uoAm30AIfCAh4hld4c7Tz4rw7H/PWklPMHMIfOJ8/YBaQQw==</latexit>

Goal: test N=0,1,2 dualities, compute to O(1/N)
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Thank you!
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