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θ term in QCD

ZQCD(✓) =

Z
[dA][d ][d ̄]e�SQCD

(integer!)instanton number:



There are many mysteries
Is θ physical? (Is the up quark massive?) 

What happens at θ=⇡
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Does θ dependence disappear when chiral symmetry is 
restored at high temperatures? 

θ dependence in SU(2) theories?

If so, why small?
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Today, I discuss some exotic possibilities of hadron properties 
in QCD based on the consideration of the θ term.

It is motivated by the recent discussions on 3-dim QCD, 
where various dualities are proposed.

Let me start with a review of the 3d world.
(There is a nice review on-line by David Tong. I stole many 

items from the review.)



Particle-Vortex Duality
( )

[Peskin ’78]

duality: U(1) + a scalar  <—-> a scalar
(near the WF fixed point)

( )

Particle Vortex

Vortex Particle
Wow.

(Confined)

(Confined)

Global U(1):



Chern-Simons theory

k: CS level. need to be integers for gauge invariance.

Maxwell+CS —> CS at low energy.

photon gets mass:

topological. Observables are correlators 
of Wilson loops which depends only on topology.

we call it 
U(1)k



U(1)k + Nf fermions —> U(1)k±Nf/2

± depends on sign of fermion mass

CS + fermions
Integrating out fermions shifts the CS level.

Fermions don’t just decouple in 3d.



Boson? Fermion?
( )

At low energy, one can ignore the Maxwell term.

Gauss law constraint: k

2⇡
B = ⇢
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k x (magnetic charge density) = number density
fermion is attached to a magnetic flux.

exchanging two particles gets the Aharonov-Bohm phase.

k=1: Fermions obey Bose statistics.
Bosons obey Fermi statistics.

Q = kQM
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Boson-Fermion Duality
Maybe there is a theory to describe CS+scalar 

by fermion d.o.f.

( )

U(1)1 + a scalar

a free fermion

dual

global sym. U(1)top

global sym. U(1)fermion

[Polyakov ’88]



This type of duality is promoted 
to 4d Electric-Magnetic duality!

Interesting.



Non-abelian dualities
[Aharony ’15]

There are non-abelian versions proposed:

This is based on the level-rank dualities of CS theories:

SU(N)k $ U(k)�N
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* The previously discussed U(1) duality is a part of them.
2nd duality with (N,k,Nf)=(1,1,1)

…..



Let’s see what’s going on.

low energy is U(N)k

low energy is U(N-Nf)km2
scalar ⌧ �g4
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m2
scalar � g4

<latexit sha1_base64="ubPel29ID+US0yUl54RYZach7XU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkFHRZdOOygn1Ak4bJdJIOnZmEmYlQQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfeEKaNKO863VVpb39jcKm9Xdnb39g/sw6OOSjKJSRsnLJG9ECnCqCBtTTUjvVQSxENGuuH4ZuZ3H4hUNBH3epISn6NY0IhipI0U2Cc8yD3JocKIITkd1KEXxzAeNAK76tScOeAqcQtSBQVagf3lDROccSI0Zkipvuuk2s+R1BQzMq14mSIpwmMUk76hAnGi/Hz+wRSeG2UIo0SaEhrO1d8TOeJKTXhoOjnSI7XszcT/vH6moys/pyLNNBF4sSjKGNQJnMUBh1QSrNnEEIQlNbdCPEISYW1Cq5gQ3OWXV0mnXnOdmnvXqDavizjK4BScgQvggkvQBLegBdoAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH1NiliM=</latexit><latexit sha1_base64="ubPel29ID+US0yUl54RYZach7XU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkFHRZdOOygn1Ak4bJdJIOnZmEmYlQQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfeEKaNKO863VVpb39jcKm9Xdnb39g/sw6OOSjKJSRsnLJG9ECnCqCBtTTUjvVQSxENGuuH4ZuZ3H4hUNBH3epISn6NY0IhipI0U2Cc8yD3JocKIITkd1KEXxzAeNAK76tScOeAqcQtSBQVagf3lDROccSI0Zkipvuuk2s+R1BQzMq14mSIpwmMUk76hAnGi/Hz+wRSeG2UIo0SaEhrO1d8TOeJKTXhoOjnSI7XszcT/vH6moys/pyLNNBF4sSjKGNQJnMUBh1QSrNnEEIQlNbdCPEISYW1Cq5gQ3OWXV0mnXnOdmnvXqDavizjK4BScgQvggkvQBLegBdoAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH1NiliM=</latexit><latexit sha1_base64="ubPel29ID+US0yUl54RYZach7XU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkFHRZdOOygn1Ak4bJdJIOnZmEmYlQQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfeEKaNKO863VVpb39jcKm9Xdnb39g/sw6OOSjKJSRsnLJG9ECnCqCBtTTUjvVQSxENGuuH4ZuZ3H4hUNBH3epISn6NY0IhipI0U2Cc8yD3JocKIITkd1KEXxzAeNAK76tScOeAqcQtSBQVagf3lDROccSI0Zkipvuuk2s+R1BQzMq14mSIpwmMUk76hAnGi/Hz+wRSeG2UIo0SaEhrO1d8TOeJKTXhoOjnSI7XszcT/vH6moys/pyLNNBF4sSjKGNQJnMUBh1QSrNnEEIQlNbdCPEISYW1Cq5gQ3OWXV0mnXnOdmnvXqDavizjK4BScgQvggkvQBLegBdoAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH1NiliM=</latexit><latexit sha1_base64="ubPel29ID+US0yUl54RYZach7XU=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJWkFHRZdOOygn1Ak4bJdJIOnZmEmYlQQt34K25cKOLWv3Dn3zhts9DWAxcO59zLvfeEKaNKO863VVpb39jcKm9Xdnb39g/sw6OOSjKJSRsnLJG9ECnCqCBtTTUjvVQSxENGuuH4ZuZ3H4hUNBH3epISn6NY0IhipI0U2Cc8yD3JocKIITkd1KEXxzAeNAK76tScOeAqcQtSBQVagf3lDROccSI0Zkipvuuk2s+R1BQzMq14mSIpwmMUk76hAnGi/Hz+wRSeG2UIo0SaEhrO1d8TOeJKTXhoOjnSI7XszcT/vH6moys/pyLNNBF4sSjKGNQJnMUBh1QSrNnEEIQlNbdCPEISYW1Cq5gQ3OWXV0mnXnOdmnvXqDavizjK4BScgQvggkvQBLegBdoAg0fwDF7Bm/VkvVjv1seitWQVM8fgD6zPH1NiliM=</latexit>

<—> SU(k)-N

<—> SU(k)-N+Nf

Consistent with k̃ = �N +
Nf

2
± Nf

2<latexit sha1_base64="2BSRj8bosfRaQA6oWNyO0I2L/gI=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQxDpTBN0IRTeuSgX7gM4wZDKZNjSZDElGKEM/w42/4saFIm67829MHwtbPRA4nHMPN/eEKaNKO863VVhZXVvfKG6WtrZ3dvfs/YOWEpnEpIkFE7ITIkUYTUhTU81IJ5UE8ZCRdji4m/jtJyIVFcmjHqbE56iX0JhipI0U2BeepiwicABv4HkdnsG8HsTQEyYDqyPopXxRCeyyU3GmgH+JOydlMEcjsMdeJHDGSaIxQ0p1XSfVfo6kppiRUcnLFEkRHqAe6RqaIE6Un08PG8ETo0QwFtK8RMOp+juRI67UkIdmkiPdV8veRPzP62Y6vvZzmqSZJgmeLYozBrWAk5ZgRCXBmg0NQVhS81eI+0girE2XJVOCu3zyX9KqVlyn4j5clmu38zqK4Agcg1PggitQA/egAZoAg2fwCt7Bh/VivVmf1tdstGDNM4dgAdb4B2EfnYA=</latexit><latexit sha1_base64="2BSRj8bosfRaQA6oWNyO0I2L/gI=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQxDpTBN0IRTeuSgX7gM4wZDKZNjSZDElGKEM/w42/4saFIm67829MHwtbPRA4nHMPN/eEKaNKO863VVhZXVvfKG6WtrZ3dvfs/YOWEpnEpIkFE7ITIkUYTUhTU81IJ5UE8ZCRdji4m/jtJyIVFcmjHqbE56iX0JhipI0U2BeepiwicABv4HkdnsG8HsTQEyYDqyPopXxRCeyyU3GmgH+JOydlMEcjsMdeJHDGSaIxQ0p1XSfVfo6kppiRUcnLFEkRHqAe6RqaIE6Un08PG8ETo0QwFtK8RMOp+juRI67UkIdmkiPdV8veRPzP62Y6vvZzmqSZJgmeLYozBrWAk5ZgRCXBmg0NQVhS81eI+0girE2XJVOCu3zyX9KqVlyn4j5clmu38zqK4Agcg1PggitQA/egAZoAg2fwCt7Bh/VivVmf1tdstGDNM4dgAdb4B2EfnYA=</latexit><latexit sha1_base64="2BSRj8bosfRaQA6oWNyO0I2L/gI=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQxDpTBN0IRTeuSgX7gM4wZDKZNjSZDElGKEM/w42/4saFIm67829MHwtbPRA4nHMPN/eEKaNKO863VVhZXVvfKG6WtrZ3dvfs/YOWEpnEpIkFE7ITIkUYTUhTU81IJ5UE8ZCRdji4m/jtJyIVFcmjHqbE56iX0JhipI0U2BeepiwicABv4HkdnsG8HsTQEyYDqyPopXxRCeyyU3GmgH+JOydlMEcjsMdeJHDGSaIxQ0p1XSfVfo6kppiRUcnLFEkRHqAe6RqaIE6Un08PG8ETo0QwFtK8RMOp+juRI67UkIdmkiPdV8veRPzP62Y6vvZzmqSZJgmeLYozBrWAk5ZgRCXBmg0NQVhS81eI+0girE2XJVOCu3zyX9KqVlyn4j5clmu38zqK4Agcg1PggitQA/egAZoAg2fwCt7Bh/VivVmf1tdstGDNM4dgAdb4B2EfnYA=</latexit><latexit sha1_base64="2BSRj8bosfRaQA6oWNyO0I2L/gI=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQxDpTBN0IRTeuSgX7gM4wZDKZNjSZDElGKEM/w42/4saFIm67829MHwtbPRA4nHMPN/eEKaNKO863VVhZXVvfKG6WtrZ3dvfs/YOWEpnEpIkFE7ITIkUYTUhTU81IJ5UE8ZCRdji4m/jtJyIVFcmjHqbE56iX0JhipI0U2BeepiwicABv4HkdnsG8HsTQEyYDqyPopXxRCeyyU3GmgH+JOydlMEcjsMdeJHDGSaIxQ0p1XSfVfo6kppiRUcnLFEkRHqAe6RqaIE6Un08PG8ETo0QwFtK8RMOp+juRI67UkIdmkiPdV8veRPzP62Y6vvZzmqSZJgmeLYozBrWAk5ZgRCXBmg0NQVhS81eI+0girE2XJVOCu3zyX9KqVlyn4j5clmu38zqK4Agcg1PggitQA/egAZoAg2fwCt7Bh/VivVmf1tdstGDNM4dgAdb4B2EfnYA=</latexit>

Both theories have the same global symmetry: 
SU(Nf) x U(1)  (naive)

* U(1)top symmetry <—> U(1)baryon in U(N) - SU(k) dualities.

monopole <—> baryon



phase diagram
QCD3: SU(N)k + Nf fermions

U(Nf) global symmetry unbroken everywhere

gapped
(topological)

critical?
monopole=baryon

gapped
(topological)

[Komargodski, Seiberg ’17]



What about Nf>2|k|?
[Komargodski, Seiberg ’17]

yet another conjecture

Non-linear sigma model

gapped
(topological)

gapped
(topological)



I’d like to know whether these interesting 3d dynamics 
have something to do with 4d world.



S1 compactified QCD
Let’s consider QCD in 4d under a background: 

b.c. for fermions:

Integer parameter:



Small and Large radius
Small radius

One can do KK decomposition of QCD.

Large radius

One can do KK decomposition of the Chiral Lagrangian.

We can analyze the theory in the both limits.



Small radius
KK decomposition:

An example 
of the potential for A3  (N=3, Nf=2)

⌫ = 0
<latexit sha1_base64="/r29uaaSqkzu1Dw63d8ew+SVchY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3KY5aOuDgcd7M8zMCxIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1OmrlNwQd1CtuXU3B1klXkFqUKA5qH71hzFLI66QSWpMz3MT9DOqUTDJZ5V+anhC2YSOeM9SRSNu/Cw/d0bOrDIkYaxtKSS5+nsio5Ex0yiwnRHFsVn25uJ/Xi/F8NrPhEpS5IotFoWpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oYkPwll9eJe2LuufWvYfLWuO2iKMMJ3AK5+DBFTTgHprQAgYTeIZXeHMS58V5dz4WrSWnmDmGP3A+fwD+yI6s</latexit><latexit sha1_base64="/r29uaaSqkzu1Dw63d8ew+SVchY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3KY5aOuDgcd7M8zMCxIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1OmrlNwQd1CtuXU3B1klXkFqUKA5qH71hzFLI66QSWpMz3MT9DOqUTDJZ5V+anhC2YSOeM9SRSNu/Cw/d0bOrDIkYaxtKSS5+nsio5Ex0yiwnRHFsVn25uJ/Xi/F8NrPhEpS5IotFoWpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oYkPwll9eJe2LuufWvYfLWuO2iKMMJ3AK5+DBFTTgHprQAgYTeIZXeHMS58V5dz4WrSWnmDmGP3A+fwD+yI6s</latexit><latexit sha1_base64="/r29uaaSqkzu1Dw63d8ew+SVchY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3KY5aOuDgcd7M8zMCxIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1OmrlNwQd1CtuXU3B1klXkFqUKA5qH71hzFLI66QSWpMz3MT9DOqUTDJZ5V+anhC2YSOeM9SRSNu/Cw/d0bOrDIkYaxtKSS5+nsio5Ex0yiwnRHFsVn25uJ/Xi/F8NrPhEpS5IotFoWpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oYkPwll9eJe2LuufWvYfLWuO2iKMMJ3AK5+DBFTTgHprQAgYTeIZXeHMS58V5dz4WrSWnmDmGP3A+fwD+yI6s</latexit><latexit sha1_base64="/r29uaaSqkzu1Dw63d8ew+SVchY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgv2ANpTNdtMu3WzC7kQooT/CiwdFvPp7vPlv3KY5aOuDgcd7M8zMCxIpDLrut1NaW9/Y3CpvV3Z29/YPqodHbROnmvEWi2WsuwE1XArFWyhQ8m6iOY0CyTvB5G7ud564NiJWjzhNuB/RkRKhYBSt1OmrlNwQd1CtuXU3B1klXkFqUKA5qH71hzFLI66QSWpMz3MT9DOqUTDJZ5V+anhC2YSOeM9SRSNu/Cw/d0bOrDIkYaxtKSS5+nsio5Ex0yiwnRHFsVn25uJ/Xi/F8NrPhEpS5IotFoWpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oYkPwll9eJe2LuufWvYfLWuO2iKMMJ3AK5+DBFTTgHprQAgYTeIZXeHMS58V5dz4WrSWnmDmGP3A+fwD+yI6s</latexit>

⌫ = ⇡
<latexit sha1_base64="zvzJrzwWTSYHNN8uLxO13H8FAXQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0YvHCrZWukvJptk2NMmGJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHbZNmmtAWSXmqOzE2lDNJW5ZZTjtKUyxiTh/i0c3Uf3ii2rBU3tuxopHAA8kSRrB10mMoM3SFQsV61Zpf92dAyyQoSA0KNHvVr7CfkkxQaQnHxnQDX9kox9oywumkEmaGKkxGeEC7jkosqIny2cETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//O6mU0uo5xJlVkqyXxRknFkUzT9HvWZpsTysSOYaOZuRWSINSbWZVRxIQSLLy+T9lk98OvB3XmtcV3EUYYjOIZTCOACGnALTWgBAQHP8ApvnvZevHfvY95a8oqZQ/gD7/MH2PyPxQ==</latexit><latexit sha1_base64="zvzJrzwWTSYHNN8uLxO13H8FAXQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0YvHCrZWukvJptk2NMmGJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHbZNmmtAWSXmqOzE2lDNJW5ZZTjtKUyxiTh/i0c3Uf3ii2rBU3tuxopHAA8kSRrB10mMoM3SFQsV61Zpf92dAyyQoSA0KNHvVr7CfkkxQaQnHxnQDX9kox9oywumkEmaGKkxGeEC7jkosqIny2cETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//O6mU0uo5xJlVkqyXxRknFkUzT9HvWZpsTysSOYaOZuRWSINSbWZVRxIQSLLy+T9lk98OvB3XmtcV3EUYYjOIZTCOACGnALTWgBAQHP8ApvnvZevHfvY95a8oqZQ/gD7/MH2PyPxQ==</latexit><latexit sha1_base64="zvzJrzwWTSYHNN8uLxO13H8FAXQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0YvHCrZWukvJptk2NMmGJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHbZNmmtAWSXmqOzE2lDNJW5ZZTjtKUyxiTh/i0c3Uf3ii2rBU3tuxopHAA8kSRrB10mMoM3SFQsV61Zpf92dAyyQoSA0KNHvVr7CfkkxQaQnHxnQDX9kox9oywumkEmaGKkxGeEC7jkosqIny2cETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//O6mU0uo5xJlVkqyXxRknFkUzT9HvWZpsTysSOYaOZuRWSINSbWZVRxIQSLLy+T9lk98OvB3XmtcV3EUYYjOIZTCOACGnALTWgBAQHP8ApvnvZevHfvY95a8oqZQ/gD7/MH2PyPxQ==</latexit><latexit sha1_base64="zvzJrzwWTSYHNN8uLxO13H8FAXQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0YvHCrZWukvJptk2NMmGJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMixVnxvr+t1daWV1b3yhvVra2d3b3qvsHbZNmmtAWSXmqOzE2lDNJW5ZZTjtKUyxiTh/i0c3Uf3ii2rBU3tuxopHAA8kSRrB10mMoM3SFQsV61Zpf92dAyyQoSA0KNHvVr7CfkkxQaQnHxnQDX9kox9oywumkEmaGKkxGeEC7jkosqIny2cETdOKUPkpS7UpaNFN/T+RYGDMWsesU2A7NojcV//O6mU0uo5xJlVkqyXxRknFkUzT9HvWZpsTysSOYaOZuRWSINSbWZVRxIQSLLy+T9lk98OvB3XmtcV3EUYYjOIZTCOACGnALTWgBAQHP8ApvnvZevHfvY95a8oqZQ/gD7/MH2PyPxQ==</latexit>

(k=0 basis)

A3 =
1

2⇡R

0

@
⇠ 0 0
0 ⇠ 0
0 0 �2⇠

1

A

<latexit sha1_base64="wxjf8AFvsgNltLpcaxnXgJe2Y8w="></latexit><latexit sha1_base64="wxjf8AFvsgNltLpcaxnXgJe2Y8w="></latexit><latexit sha1_base64="wxjf8AFvsgNltLpcaxnXgJe2Y8w="></latexit><latexit sha1_base64="wxjf8AFvsgNltLpcaxnXgJe2Y8w="></latexit>

[Hosotani ’83]



SU(N) is unbroken while fermions obtain masses 
for all the boundary conditions.

The mL and mR shifts the level of KK modes.

The low energy limit of the theory is 

SU(N)k- .

U(k)-N



Large radius
Chiral Lagrangian with the θ term: 

Eq. of motion for ⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

gets winding! ⌘(x3 + 2⇡R) = ⌘(x3) +
k̄⇡

Nf
<latexit sha1_base64="2oU6tdCSNApNt/8Nb25liz/N2c0=">AAACJHicbVDJSgNBEO1xjeMW9eilMAgJQpiJgoIIQS+eJIpZIBOGnk5P0qRnobtHDEM+xou/4sWDCx68+C12FkQTHxQ83qvqrnpezJlUlvVpzM0vLC4tZ1bM1bX1jc3s1nZNRokgtEoiHomGhyXlLKRVxRSnjVhQHHic1r3exdCv31EhWRTeqn5MWwHuhMxnBCstudlThyoM+Xv3EA6gBE7M4KYAZ2D+6AVtpI6HBfRGthPp9+DK9QduNmcVrRFgltgTkkMTVNzsm9OOSBLQUBGOpWzaVqxaKRaKEU4HppNIGmPSwx3a1DTEAZWtdHTkAPa10gY/ErpCBSP190SKAyn7gac7A6y6ctobiv95zUT5J62UhXGiaEjGH/kJBxXBMDFoM0GJ4n1NMBFM7wqkiwUmSudq6hDs6ZNnSa1UtK2ifX2UK59P4sigXbSH8shGx6iMLlEFVRFBD+gJvaBX49F4Nt6Nj3HrnDGZ2UF/YHx9Aya4oEU=</latexit><latexit sha1_base64="2oU6tdCSNApNt/8Nb25liz/N2c0=">AAACJHicbVDJSgNBEO1xjeMW9eilMAgJQpiJgoIIQS+eJIpZIBOGnk5P0qRnobtHDEM+xou/4sWDCx68+C12FkQTHxQ83qvqrnpezJlUlvVpzM0vLC4tZ1bM1bX1jc3s1nZNRokgtEoiHomGhyXlLKRVxRSnjVhQHHic1r3exdCv31EhWRTeqn5MWwHuhMxnBCstudlThyoM+Xv3EA6gBE7M4KYAZ2D+6AVtpI6HBfRGthPp9+DK9QduNmcVrRFgltgTkkMTVNzsm9OOSBLQUBGOpWzaVqxaKRaKEU4HppNIGmPSwx3a1DTEAZWtdHTkAPa10gY/ErpCBSP190SKAyn7gac7A6y6ctobiv95zUT5J62UhXGiaEjGH/kJBxXBMDFoM0GJ4n1NMBFM7wqkiwUmSudq6hDs6ZNnSa1UtK2ifX2UK59P4sigXbSH8shGx6iMLlEFVRFBD+gJvaBX49F4Nt6Nj3HrnDGZ2UF/YHx9Aya4oEU=</latexit><latexit sha1_base64="2oU6tdCSNApNt/8Nb25liz/N2c0=">AAACJHicbVDJSgNBEO1xjeMW9eilMAgJQpiJgoIIQS+eJIpZIBOGnk5P0qRnobtHDEM+xou/4sWDCx68+C12FkQTHxQ83qvqrnpezJlUlvVpzM0vLC4tZ1bM1bX1jc3s1nZNRokgtEoiHomGhyXlLKRVxRSnjVhQHHic1r3exdCv31EhWRTeqn5MWwHuhMxnBCstudlThyoM+Xv3EA6gBE7M4KYAZ2D+6AVtpI6HBfRGthPp9+DK9QduNmcVrRFgltgTkkMTVNzsm9OOSBLQUBGOpWzaVqxaKRaKEU4HppNIGmPSwx3a1DTEAZWtdHTkAPa10gY/ErpCBSP190SKAyn7gac7A6y6ctobiv95zUT5J62UhXGiaEjGH/kJBxXBMDFoM0GJ4n1NMBFM7wqkiwUmSudq6hDs6ZNnSa1UtK2ifX2UK59P4sigXbSH8shGx6iMLlEFVRFBD+gJvaBX49F4Nt6Nj3HrnDGZ2UF/YHx9Aya4oEU=</latexit><latexit sha1_base64="2oU6tdCSNApNt/8Nb25liz/N2c0=">AAACJHicbVDJSgNBEO1xjeMW9eilMAgJQpiJgoIIQS+eJIpZIBOGnk5P0qRnobtHDEM+xou/4sWDCx68+C12FkQTHxQ83qvqrnpezJlUlvVpzM0vLC4tZ1bM1bX1jc3s1nZNRokgtEoiHomGhyXlLKRVxRSnjVhQHHic1r3exdCv31EhWRTeqn5MWwHuhMxnBCstudlThyoM+Xv3EA6gBE7M4KYAZ2D+6AVtpI6HBfRGthPp9+DK9QduNmcVrRFgltgTkkMTVNzsm9OOSBLQUBGOpWzaVqxaKRaKEU4HppNIGmPSwx3a1DTEAZWtdHTkAPa10gY/ErpCBSP190SKAyn7gac7A6y6ctobiv95zUT5J62UhXGiaEjGH/kJBxXBMDFoM0GJ4n1NMBFM7wqkiwUmSudq6hDs6ZNnSa1UtK2ifX2UK59P4sigXbSH8shGx6iMLlEFVRFBD+gJvaBX49F4Nt6Nj3HrnDGZ2UF/YHx9Aya4oEU=</latexit>

(For k/Nf non-integer, pions also get winding.)-



4d WZW term
There are WZW terms in 4d. There are terms like:

Under the winding, we obtain the 3d WZ terms.

Baryon = monopole (string along the S1)  
is also realized in 4d.



We found
k=Nf, 4d QCD on S1-

SU(N)Nf

NLSM+WZ

Small R

Large R

3d SU(N)0 + 2Nf fermions

Large mass

Small mass

phase transition

U(Nf)-N + 2Nf scalar 
dual theory

(gapped)

(massless pions)

+ explicit U(2Nf) breaking terms

+ explicit U(2Nf) breaking terms



Maybe
k=Nf, 4d QCD on S1-

SU(N)Nf

NLSM+WZ

Small R

Large R

3d SU(N)0 + 2Nf fermions

Large mass

Small mass

phase transition

U(Nf)-N + 2Nf scalar 
dual theory

The same picture 
works for fewer k.-

+ explicit U(2Nf) breaking terms

+ explicit U(2Nf) breaking terms



What’s interesting?
The 3d “chiral symmetry breaking” may be 

described by the Higgs mechanism of U(Nf) 
gauge theory.

Actually, there is  
a similar picture in 4d QCD, 

where the gauge bosons 
are the   and    mesons.⇢

<latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit><latexit sha1_base64="PjOC8f12GtePOBgdPx3dJet4XJk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbTbN0P8LuRiihf8GLB0W8+oe8+W/ctDlo64OBx3szzMyLUs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RmWa0A5RXOlehA3lTNKOZZbTXqopFhGnj9HktvAfn6g2TMkHO01pKPBYspgRbAtpoBM1rDf8pj8HWiVBSRpQoj2sfw1GimSCSks4NqYf+KkNc6wtI5zOaoPM0BSTCR7TvqMSC2rCfH7rDJ05ZYRipV1Ji+bq74kcC2OmInKdAtvELHuF+J/Xz2x8HeZMppmlkiwWxRlHVqHicTRimhLLp45gopm7FZEEa0ysi6fmQgiWX14l3Ytm4DeD+8tG66aMowoncArnEMAVtOAO2tABAgk8wyu8ecJ78d69j0VrxStnjuEPvM8fH6yORw==</latexit>

!
<latexit sha1_base64="qUg8iXI01zUDf6doeaeQGgCgJ1c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJcxOepMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqExTbFDFlW7HxCBnEhuWWY7tVCMRMcdWPLqd+a0n1IYp+WDHKUaCDCRLGCXWSc2uEjggvXIlqAZz+KskzEkFctR75a9uX9FMoLSUE2M6YZDaaEK0ZZTjtNTNDKaEjsgAO45KItBEk/m1U//MKX0/UdqVtP5c/T0xIcKYsYhdpyB2aJa9mfif18lsch1NmEwzi5IuFiUZ963yZ6/7faaRWj52hFDN3K0+HRJNqHUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDhEZ7hFd485b14797HorXg5TPH8Afe5w+QMY8b</latexit><latexit sha1_base64="qUg8iXI01zUDf6doeaeQGgCgJ1c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJcxOepMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqExTbFDFlW7HxCBnEhuWWY7tVCMRMcdWPLqd+a0n1IYp+WDHKUaCDCRLGCXWSc2uEjggvXIlqAZz+KskzEkFctR75a9uX9FMoLSUE2M6YZDaaEK0ZZTjtNTNDKaEjsgAO45KItBEk/m1U//MKX0/UdqVtP5c/T0xIcKYsYhdpyB2aJa9mfif18lsch1NmEwzi5IuFiUZ963yZ6/7faaRWj52hFDN3K0+HRJNqHUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDhEZ7hFd485b14797HorXg5TPH8Afe5w+QMY8b</latexit><latexit sha1_base64="qUg8iXI01zUDf6doeaeQGgCgJ1c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJcxOepMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqExTbFDFlW7HxCBnEhuWWY7tVCMRMcdWPLqd+a0n1IYp+WDHKUaCDCRLGCXWSc2uEjggvXIlqAZz+KskzEkFctR75a9uX9FMoLSUE2M6YZDaaEK0ZZTjtNTNDKaEjsgAO45KItBEk/m1U//MKX0/UdqVtP5c/T0xIcKYsYhdpyB2aJa9mfif18lsch1NmEwzi5IuFiUZ963yZ6/7faaRWj52hFDN3K0+HRJNqHUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDhEZ7hFd485b14797HorXg5TPH8Afe5w+QMY8b</latexit><latexit sha1_base64="qUg8iXI01zUDf6doeaeQGgCgJ1c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJcxOepMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqExTbFDFlW7HxCBnEhuWWY7tVCMRMcdWPLqd+a0n1IYp+WDHKUaCDCRLGCXWSc2uEjggvXIlqAZz+KskzEkFctR75a9uX9FMoLSUE2M6YZDaaEK0ZZTjtNTNDKaEjsgAO45KItBEk/m1U//MKX0/UdqVtP5c/T0xIcKYsYhdpyB2aJa9mfif18lsch1NmEwzi5IuFiUZ963yZ6/7faaRWj52hFDN3K0+HRJNqHUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDhEZ7hFd485b14797HorXg5TPH8Afe5w+QMY8b</latexit>



Vector mesons  
as gauge bosons?

Sakurai 60's
Bando, Kugo, Uehara,Yamawaki, Yanagida ’85

Son, Stephanov ’03
Sakai, Sugimoto ’04

…



Behavior of Hadrons?
Large radius (4d)

Massless pions

⇢, !
<latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit>

…



Behavior of Hadrons?
Critical radius

Massless pions

⇢, !
<latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit>

+ scalar mesons
Form a U(Nf)-N gauge theory 

+ 2Nf scalars

KK modes…



Behavior of Hadrons?
Small radius

⇢, !
<latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit>

U(Nf)-N theory

KK modes…

SU(N)Nf

Gluons are replaced by the          mesons!⇢, !
<latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit>

gapped by the CS term



Baryons
Large radius

Baryon number is carried by baryons.



Baryons

Near the critical radius

Baryon number is also carried by vortex 
strings of        .⇢, !

<latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit>

winding⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

Magnetic flux of ⇢, !
<latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit>



Transition?

We need a monopole 
to cut the string.

Baryon

Monopole

anti-monopole

⇢, !
<latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit><latexit sha1_base64="abfwD7zDISzypjUHEnzeLsG+34g=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgQcKuCHoMevEYwTwgu4bZSScZMo9lZlYJS/7DiwdFvPov3vwbJ8keNLGgoajqprsrTjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqCg2quNLtmBjgTELDMsuhnWggIubQikc3U7/1CNowJe/tOIFIkIFkfUaJddJDqIfqDIc4VAIGpFuu+FV/BrxMgpxUUI56t/wV9hRNBUhLOTGmE/iJjTKiLaMcJqUwNZAQOiID6DgqiQATZbOrJ/jEKT3cV9qVtHim/p7IiDBmLGLXKYgdmkVvKv7ndVLbv4oyJpPUgqTzRf2UY6vwNALcYxqo5WNHCNXM3YrpkGhCrQuq5EIIFl9eJs3zauBXg7uLSu06j6OIjtAxOkUBukQ1dIvqqIEo0ugZvaI378l78d69j3lrwctnDtEfeJ8/ffqR2A==</latexit>

string

winding⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

winding⌘
<latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit><latexit sha1_base64="TZ6dp5tyCBo6NdZnLwRhzdKcg4s=">AAAB63icbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJFmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1HFo8lrHpRMyCFBpaKFBCJzHAVCThMZrc5v7jExgrYv2A0wRCxUZaDAVnmEs9QNav1vy6PwddJUFBaqRAs1/96g1inirQyCWzthv4CYYZMyi4hFmll1pIGJ+wEXQd1UyBDbP5rTN65pQBHcbGlUY6V39PZExZO1WR61QMx3bZy8X/vG6Kw+swEzpJETRfLBqmkmJM88fpQBjgKKeOMG6Eu5XyMTOMo4un4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU4GZNn8krePOW9eO/ex6K15BUzx+QPvM8fCOKOOA==</latexit>

There is a good candidate 
‘Hall droplet’ [Komargodski ’18]



4d (or 5d) dual theory?

Natural candidate is the holographic QCD.

U(Nf )L ⇥ U(Nf )R
<latexit sha1_base64="mcZyiZ6H0BIFUJrcDJObjJ02ALA=">AAACAXicbVBNS8NAEN34WetX1IvgZbEI9VISEfRY9OJBpIppC20Im+2mXbrZhN2JUEq9+Fe8eFDEq//Cm//GbZuDtj5YePPeDLPzwlRwDY7zbS0sLi2vrBbWiusbm1vb9s5uXSeZosyjiUhUMySaCS6ZBxwEa6aKkTgUrBH2L8d+44EpzRN5D4OU+THpSh5xSsBIgb3vlW+C6Di4xm3gMdM4r+8Cu+RUnAnwPHFzUkI5aoH91e4kNIuZBCqI1i3XScEfEgWcCjYqtjPNUkL7pMtahkpitvnDyQUjfGSUDo4SZZ4EPFF/TwxJrPUgDk1nTKCnZ72x+J/XyiA694dcphkwSaeLokxgSPA4DtzhilEQA0MIVdz8FdMeUYSCCa1oQnBnT54n9ZOK61Tc29NS9SKPo4AO0CEqIxedoSq6QjXkIYoe0TN6RW/Wk/VivVsf09YFK5/ZQ39gff4AwqCVJw==</latexit><latexit sha1_base64="mcZyiZ6H0BIFUJrcDJObjJ02ALA=">AAACAXicbVBNS8NAEN34WetX1IvgZbEI9VISEfRY9OJBpIppC20Im+2mXbrZhN2JUEq9+Fe8eFDEq//Cm//GbZuDtj5YePPeDLPzwlRwDY7zbS0sLi2vrBbWiusbm1vb9s5uXSeZosyjiUhUMySaCS6ZBxwEa6aKkTgUrBH2L8d+44EpzRN5D4OU+THpSh5xSsBIgb3vlW+C6Di4xm3gMdM4r+8Cu+RUnAnwPHFzUkI5aoH91e4kNIuZBCqI1i3XScEfEgWcCjYqtjPNUkL7pMtahkpitvnDyQUjfGSUDo4SZZ4EPFF/TwxJrPUgDk1nTKCnZ72x+J/XyiA694dcphkwSaeLokxgSPA4DtzhilEQA0MIVdz8FdMeUYSCCa1oQnBnT54n9ZOK61Tc29NS9SKPo4AO0CEqIxedoSq6QjXkIYoe0TN6RW/Wk/VivVsf09YFK5/ZQ39gff4AwqCVJw==</latexit><latexit sha1_base64="mcZyiZ6H0BIFUJrcDJObjJ02ALA=">AAACAXicbVBNS8NAEN34WetX1IvgZbEI9VISEfRY9OJBpIppC20Im+2mXbrZhN2JUEq9+Fe8eFDEq//Cm//GbZuDtj5YePPeDLPzwlRwDY7zbS0sLi2vrBbWiusbm1vb9s5uXSeZosyjiUhUMySaCS6ZBxwEa6aKkTgUrBH2L8d+44EpzRN5D4OU+THpSh5xSsBIgb3vlW+C6Di4xm3gMdM4r+8Cu+RUnAnwPHFzUkI5aoH91e4kNIuZBCqI1i3XScEfEgWcCjYqtjPNUkL7pMtahkpitvnDyQUjfGSUDo4SZZ4EPFF/TwxJrPUgDk1nTKCnZ72x+J/XyiA694dcphkwSaeLokxgSPA4DtzhilEQA0MIVdz8FdMeUYSCCa1oQnBnT54n9ZOK61Tc29NS9SKPo4AO0CEqIxedoSq6QjXkIYoe0TN6RW/Wk/VivVsf09YFK5/ZQ39gff4AwqCVJw==</latexit><latexit sha1_base64="mcZyiZ6H0BIFUJrcDJObjJ02ALA=">AAACAXicbVBNS8NAEN34WetX1IvgZbEI9VISEfRY9OJBpIppC20Im+2mXbrZhN2JUEq9+Fe8eFDEq//Cm//GbZuDtj5YePPeDLPzwlRwDY7zbS0sLi2vrBbWiusbm1vb9s5uXSeZosyjiUhUMySaCS6ZBxwEa6aKkTgUrBH2L8d+44EpzRN5D4OU+THpSh5xSsBIgb3vlW+C6Di4xm3gMdM4r+8Cu+RUnAnwPHFzUkI5aoH91e4kNIuZBCqI1i3XScEfEgWcCjYqtjPNUkL7pMtahkpitvnDyQUjfGSUDo4SZZ4EPFF/TwxJrPUgDk1nTKCnZ72x+J/XyiA694dcphkwSaeLokxgSPA4DtzhilEQA0MIVdz8FdMeUYSCCa1oQnBnT54n9ZOK61Tc29NS9SKPo4AO0CEqIxedoSq6QjXkIYoe0TN6RW/Wk/VivVsf09YFK5/ZQ39gff4AwqCVJw==</latexit>

Bulk gauge group

We know that this model gives the chiral Lagrangian 
at low energy with the correct WZW term.

YM + CS term in the bulk

⇢, !
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are gauge bosons.

[Sakai, Sugimoto ’04]

[Da Rold, Pomarol ’05]
[Erlich, Katz, Son, Stephanov ’05]



Deconstructed version

 near the 
critical radius

When two of the links are cut,
we obtain unbroken U(Nf).

We have N fermions to 
reproduce 5d CS term.

[Son, Stephanov ’03]

(We need to gauge ZN 
to have U(1)B/ZN as global sym.)



Turning on θ-
We have a term

5d CS term:

By the same story as the eta winding, 
we obtain the 3d CS term at low energy.

This model can describe the symmetric phase with the 
correct low energy limit.

U(Nf)-N(fermions decouple by holonomy)



What are you talking about?

1. In QCD, there must be a phase transition between 
the large and small radius of S1. 

2. The 3d U(Nf)-N + 2Nf scalar theory consistently 
describes the phase transition. 

3. The holographic picture of QCD can be the origin 
of the U(Nf) group.

Actually the discussion works for |k|<Nf.
-



k=0?-
So far, I was talking about QCD on funny backgrounds. 
But for k=0, with the anti-periodic boundary condition, 
the theory is the same as the finite temperature QCD. 

-

If my picture is correct, 
1. The         mesons get massless(!) (in 4d) at the critical 

temperature of the chiral phase transition, and 
⇢, !
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2. the axial U(1) should not be restored at the critical 
temperature.

These items should be testable by the lattice QCD.



This model is a good candidate 
of the NJL-type model 

to describe the chiral phase transition.

(anomaly matches and the same low energy 
limits as QCD.)

Summary

It is qualitatively different from conventional models. 
Especially, there are U(Nf) gauge theory in the topological or 

confining phase above the critical temperature.


