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Axions



Overview

- Strong CP problem 

- Axions 

- Axion Dark matter 

- Searching for axions in the sky in the lab



Parity and Time reversal



in particle physics (electroweak interactions)

P-violation (Wu 56)

R(K̄0 ! K0)�R(K0 ! K̄0)
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T-violation (CPLEAR 90’s)
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... but not in the strong interactions



The strong CP ‘‘issue’’
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- CP violation in QCD sector: CKM angle                                          �13 = 1.2± 0.1 rad

Jµ
A

g

g

q@µJ
µ
5

quark phase redefinition shifts between quark mass phase and QCD vacuum because of the axial anomaly
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Tt ! �t
<latexit sha1_base64="a4ANB5UNX3i+VZj9lxJBmyYIoh0=">AAAB+XicZVDLSsNAFJ3UV62PRl26CZaCG0vSWtLuCm5cVugLmlAm02k7dPJg5kYsoV/iSlAQt36KK//GaRqK1QMXDufcy733eBFnEkzzW8vt7O7tH+QPC0fHJ6dF/ey8J8NYENolIQ/FwMOSchbQLjDgdBAJin2P0743v1v5/UcqJAuDDiwi6vp4GrAJIxiUNNKLDtAnSDpLcCA0bmCkl8yKmcL4T6yMlFCG9kj/csYhiX0aAOFYyqFlRuAmWAAjnC4LTixphMkcT+lQ0QD7VLpJevjSKCtlbExCoSoAI1V/TyTYl3Lhe6rTxzCTf72VuPHKW6tg0nATFkQx0ICsN01ibqgnVzEYYyYoAb5QBBPB1LEGmWGBCaiwCmkKVtW265Z6vtls2vXampi1xiaFXrViqbaH21KrkeWRR5foCl0jC9mohe5RG3URQTF6Rq/oTUu0F+1d+1i35rRs5gJtQfv8AW4yk6c=</latexit><latexit sha1_base64="a4ANB5UNX3i+VZj9lxJBmyYIoh0=">AAAB+XicZVDLSsNAFJ3UV62PRl26CZaCG0vSWtLuCm5cVugLmlAm02k7dPJg5kYsoV/iSlAQt36KK//GaRqK1QMXDufcy733eBFnEkzzW8vt7O7tH+QPC0fHJ6dF/ey8J8NYENolIQ/FwMOSchbQLjDgdBAJin2P0743v1v5/UcqJAuDDiwi6vp4GrAJIxiUNNKLDtAnSDpLcCA0bmCkl8yKmcL4T6yMlFCG9kj/csYhiX0aAOFYyqFlRuAmWAAjnC4LTixphMkcT+lQ0QD7VLpJevjSKCtlbExCoSoAI1V/TyTYl3Lhe6rTxzCTf72VuPHKW6tg0nATFkQx0ICsN01ibqgnVzEYYyYoAb5QBBPB1LEGmWGBCaiwCmkKVtW265Z6vtls2vXampi1xiaFXrViqbaH21KrkeWRR5foCl0jC9mohe5RG3URQTF6Rq/oTUu0F+1d+1i35rRs5gJtQfv8AW4yk6c=</latexit><latexit sha1_base64="a4ANB5UNX3i+VZj9lxJBmyYIoh0=">AAAB+XicZVDLSsNAFJ3UV62PRl26CZaCG0vSWtLuCm5cVugLmlAm02k7dPJg5kYsoV/iSlAQt36KK//GaRqK1QMXDufcy733eBFnEkzzW8vt7O7tH+QPC0fHJ6dF/ey8J8NYENolIQ/FwMOSchbQLjDgdBAJin2P0743v1v5/UcqJAuDDiwi6vp4GrAJIxiUNNKLDtAnSDpLcCA0bmCkl8yKmcL4T6yMlFCG9kj/csYhiX0aAOFYyqFlRuAmWAAjnC4LTixphMkcT+lQ0QD7VLpJevjSKCtlbExCoSoAI1V/TyTYl3Lhe6rTxzCTf72VuPHKW6tg0nATFkQx0ICsN01ibqgnVzEYYyYoAb5QBBPB1LEGmWGBCaiwCmkKVtW265Z6vtls2vXampi1xiaFXrViqbaH21KrkeWRR5foCl0jC9mohe5RG3URQTF6Rq/oTUu0F+1d+1i35rRs5gJtQfv8AW4yk6c=</latexit><latexit sha1_base64="a4ANB5UNX3i+VZj9lxJBmyYIoh0=">AAAB+XicZVDLSsNAFJ3UV62PRl26CZaCG0vSWtLuCm5cVugLmlAm02k7dPJg5kYsoV/iSlAQt36KK//GaRqK1QMXDufcy733eBFnEkzzW8vt7O7tH+QPC0fHJ6dF/ey8J8NYENolIQ/FwMOSchbQLjDgdBAJin2P0743v1v5/UcqJAuDDiwi6vp4GrAJIxiUNNKLDtAnSDpLcCA0bmCkl8yKmcL4T6yMlFCG9kj/csYhiX0aAOFYyqFlRuAmWAAjnC4LTixphMkcT+lQ0QD7VLpJevjSKCtlbExCoSoAI1V/TyTYl3Lhe6rTxzCTf72VuPHKW6tg0nATFkQx0ICsN01ibqgnVzEYYyYoAb5QBBPB1LEGmWGBCaiwCmkKVtW265Z6vtls2vXampi1xiaFXrViqbaH21KrkeWRR5foCl0jC9mohe5RG3URQTF6Rq/oTUu0F+1d+1i35rRs5gJtQfv8AW4yk6c=</latexit><latexit sha1_base64="a4ANB5UNX3i+VZj9lxJBmyYIoh0=">AAAB+XicZVDLSsNAFJ3UV62PRl26CZaCG0vSWtLuCm5cVugLmlAm02k7dPJg5kYsoV/iSlAQt36KK//GaRqK1QMXDufcy733eBFnEkzzW8vt7O7tH+QPC0fHJ6dF/ey8J8NYENolIQ/FwMOSchbQLjDgdBAJin2P0743v1v5/UcqJAuDDiwi6vp4GrAJIxiUNNKLDtAnSDpLcCA0bmCkl8yKmcL4T6yMlFCG9kj/csYhiX0aAOFYyqFlRuAmWAAjnC4LTixphMkcT+lQ0QD7VLpJevjSKCtlbExCoSoAI1V/TyTYl3Lhe6rTxzCTf72VuPHKW6tg0nATFkQx0ICsN01ibqgnVzEYYyYoAb5QBBPB1LEGmWGBCaiwCmkKVtW265Z6vtls2vXampi1xiaFXrViqbaH21KrkeWRR5foCl0jC9mohe5RG3URQTF6Rq/oTUu0F+1d+1i35rRs5gJtQfv8AW4yk6c=</latexit><latexit sha1_base64="a4ANB5UNX3i+VZj9lxJBmyYIoh0=">AAAB+XicZVDLSsNAFJ3UV62PRl26CZaCG0vSWtLuCm5cVugLmlAm02k7dPJg5kYsoV/iSlAQt36KK//GaRqK1QMXDufcy733eBFnEkzzW8vt7O7tH+QPC0fHJ6dF/ey8J8NYENolIQ/FwMOSchbQLjDgdBAJin2P0743v1v5/UcqJAuDDiwi6vp4GrAJIxiUNNKLDtAnSDpLcCA0bmCkl8yKmcL4T6yMlFCG9kj/csYhiX0aAOFYyqFlRuAmWAAjnC4LTixphMkcT+lQ0QD7VLpJevjSKCtlbExCoSoAI1V/TyTYl3Lhe6rTxzCTf72VuPHKW6tg0nATFkQx0ICsN01ibqgnVzEYYyYoAb5QBBPB1LEGmWGBCaiwCmkKVtW265Z6vtls2vXampi1xiaFXrViqbaH21KrkeWRR5foCl0jC9mohe5RG3URQTF6Rq/oTUu0F+1d+1i35rRs5gJtQfv8AW4yk6c=</latexit>

@x@y@z ! (�1)3@x@y@z
<latexit sha1_base64="PXWeiQfibvGLOuPLXzmTg/iGahw="></latexit><latexit sha1_base64="PXWeiQfibvGLOuPLXzmTg/iGahw="></latexit><latexit sha1_base64="PXWeiQfibvGLOuPLXzmTg/iGahw="></latexit><latexit sha1_base64="PXWeiQfibvGLOuPLXzmTg/iGahw="></latexit><latexit sha1_base64="PXWeiQfibvGLOuPLXzmTg/iGahw="></latexit><latexit sha1_base64="PXWeiQfibvGLOuPLXzmTg/iGahw="></latexit>

@t ! �@t
<latexit sha1_base64="NJYlzJL/QSqEot1Ty148zpPMbtM=">AAACA3icZVDLSsNAFJ34rPUVdSVugqXgxpK0lrS7ghuXFewDmhAm00k7dDIJMxOhhOLKT3ElKIhbv8KVf+OkDdXqgYEz5947d87xY0qENM0vbW19Y3Nru7BT3N3bPzjUj467Iko4wh0U0Yj3fSgwJQx3JJEU92OOYehT3PMn11m9d4+5IBG7k9MYuyEcMRIQBKWSPP3UiSGXBFJPOjIyLn+unl4yK+Ycxn9i5aQEcrQ9/dMZRigJMZOIQiEGlhlLN83eQxTPik4icAzRBI7wQFEGQyzcdG5hZpSVMjSCiKvDpDFXf0+kMBRiGvqqM4RyLP7WMnFZK6+skkHDTQmLE4kZWmwKEmoot1kgxpBwjCSdKgIRJ+qzBhpDDpFUsRXnKVhV265bynyz2bTrtQUxa41lCt1qxVJtt1elViPPowDOwDm4ABawQQvcgDboAAQewBN4Aa/ao/asvWnvi9Y1LZ85ASvQPr4BE/eX7g==</latexit><latexit sha1_base64="NJYlzJL/QSqEot1Ty148zpPMbtM=">AAACA3icZVDLSsNAFJ34rPUVdSVugqXgxpK0lrS7ghuXFewDmhAm00k7dDIJMxOhhOLKT3ElKIhbv8KVf+OkDdXqgYEz5947d87xY0qENM0vbW19Y3Nru7BT3N3bPzjUj467Iko4wh0U0Yj3fSgwJQx3JJEU92OOYehT3PMn11m9d4+5IBG7k9MYuyEcMRIQBKWSPP3UiSGXBFJPOjIyLn+unl4yK+Ycxn9i5aQEcrQ9/dMZRigJMZOIQiEGlhlLN83eQxTPik4icAzRBI7wQFEGQyzcdG5hZpSVMjSCiKvDpDFXf0+kMBRiGvqqM4RyLP7WMnFZK6+skkHDTQmLE4kZWmwKEmoot1kgxpBwjCSdKgIRJ+qzBhpDDpFUsRXnKVhV265bynyz2bTrtQUxa41lCt1qxVJtt1elViPPowDOwDm4ABawQQvcgDboAAQewBN4Aa/ao/asvWnvi9Y1LZ85ASvQPr4BE/eX7g==</latexit><latexit sha1_base64="NJYlzJL/QSqEot1Ty148zpPMbtM=">AAACA3icZVDLSsNAFJ34rPUVdSVugqXgxpK0lrS7ghuXFewDmhAm00k7dDIJMxOhhOLKT3ElKIhbv8KVf+OkDdXqgYEz5947d87xY0qENM0vbW19Y3Nru7BT3N3bPzjUj467Iko4wh0U0Yj3fSgwJQx3JJEU92OOYehT3PMn11m9d4+5IBG7k9MYuyEcMRIQBKWSPP3UiSGXBFJPOjIyLn+unl4yK+Ycxn9i5aQEcrQ9/dMZRigJMZOIQiEGlhlLN83eQxTPik4icAzRBI7wQFEGQyzcdG5hZpSVMjSCiKvDpDFXf0+kMBRiGvqqM4RyLP7WMnFZK6+skkHDTQmLE4kZWmwKEmoot1kgxpBwjCSdKgIRJ+qzBhpDDpFUsRXnKVhV265bynyz2bTrtQUxa41lCt1qxVJtt1elViPPowDOwDm4ABawQQvcgDboAAQewBN4Aa/ao/asvWnvi9Y1LZ85ASvQPr4BE/eX7g==</latexit><latexit sha1_base64="NJYlzJL/QSqEot1Ty148zpPMbtM=">AAACA3icZVDLSsNAFJ34rPUVdSVugqXgxpK0lrS7ghuXFewDmhAm00k7dDIJMxOhhOLKT3ElKIhbv8KVf+OkDdXqgYEz5947d87xY0qENM0vbW19Y3Nru7BT3N3bPzjUj467Iko4wh0U0Yj3fSgwJQx3JJEU92OOYehT3PMn11m9d4+5IBG7k9MYuyEcMRIQBKWSPP3UiSGXBFJPOjIyLn+unl4yK+Ycxn9i5aQEcrQ9/dMZRigJMZOIQiEGlhlLN83eQxTPik4icAzRBI7wQFEGQyzcdG5hZpSVMjSCiKvDpDFXf0+kMBRiGvqqM4RyLP7WMnFZK6+skkHDTQmLE4kZWmwKEmoot1kgxpBwjCSdKgIRJ+qzBhpDDpFUsRXnKVhV265bynyz2bTrtQUxa41lCt1qxVJtt1elViPPowDOwDm4ABawQQvcgDboAAQewBN4Aa/ao/asvWnvi9Y1LZ85ASvQPr4BE/eX7g==</latexit><latexit sha1_base64="NJYlzJL/QSqEot1Ty148zpPMbtM=">AAACA3icZVDLSsNAFJ34rPUVdSVugqXgxpK0lrS7ghuXFewDmhAm00k7dDIJMxOhhOLKT3ElKIhbv8KVf+OkDdXqgYEz5947d87xY0qENM0vbW19Y3Nru7BT3N3bPzjUj467Iko4wh0U0Yj3fSgwJQx3JJEU92OOYehT3PMn11m9d4+5IBG7k9MYuyEcMRIQBKWSPP3UiSGXBFJPOjIyLn+unl4yK+Ycxn9i5aQEcrQ9/dMZRigJMZOIQiEGlhlLN83eQxTPik4icAzRBI7wQFEGQyzcdG5hZpSVMjSCiKvDpDFXf0+kMBRiGvqqM4RyLP7WMnFZK6+skkHDTQmLE4kZWmwKEmoot1kgxpBwjCSdKgIRJ+qzBhpDDpFUsRXnKVhV265bynyz2bTrtQUxa41lCt1qxVJtt1elViPPowDOwDm4ABawQQvcgDboAAQewBN4Aa/ao/asvWnvi9Y1LZ85ASvQPr4BE/eX7g==</latexit><latexit sha1_base64="NJYlzJL/QSqEot1Ty148zpPMbtM=">AAACA3icZVDLSsNAFJ34rPUVdSVugqXgxpK0lrS7ghuXFewDmhAm00k7dDIJMxOhhOLKT3ElKIhbv8KVf+OkDdXqgYEz5947d87xY0qENM0vbW19Y3Nru7BT3N3bPzjUj467Iko4wh0U0Yj3fSgwJQx3JJEU92OOYehT3PMn11m9d4+5IBG7k9MYuyEcMRIQBKWSPP3UiSGXBFJPOjIyLn+unl4yK+Ycxn9i5aQEcrQ9/dMZRigJMZOIQiEGlhlLN83eQxTPik4icAzRBI7wQFEGQyzcdG5hZpSVMjSCiKvDpDFXf0+kMBRiGvqqM4RyLP7WMnFZK6+skkHDTQmLE4kZWmwKEmoot1kgxpBwjCSdKgIRJ+qzBhpDDpFUsRXnKVhV265bynyz2bTrtQUxa41lCt1qxVJtt1elViPPowDOwDm4ABawQQvcgDboAAQewBN4Aa/ao/asvWnvi9Y1LZ85ASvQPr4BE/eX7g==</latexit>



The strong CP ‘‘issue’’
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- CP violation in QCD sector: CKM angle                                          �13 = 1.2± 0.1 rad
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quark phase redefinition shifts between quark mass phase and QCD vacuum because of the axial anomaly

- The     -angle produces flavour-neutral CP violation like Electric Dipole Moments ... never observed!

- Neutron EDM (Pospelov 9908508)

✓

- Experimental upper limit (Grenoble hep-ex/0602020) 

|dn| < 3⇥ 10�13 [e fm]

<latexit sha1_base64="vjkMqtpit2upYbaMko8AlFdx1TM=">AAACHXicbVBNSwMxEM36bf2qevQSLIKCLrtaUQ+C4MWjglWhW0s2nbWhSXZJZoWy9Jd48a948aDiwYv4b0xrD349CHm8N8PMvDiTwmIQfHgjo2PjE5NT06WZ2bn5hfLi0oVNc8OhxlOZmquYWZBCQw0FSrjKDDAVS7iMO8d9//IWjBWpPsduBg3FbrRIBGfopGZ5t9XU9JCub/vVKFM09IMNGmEbkLlPKLA0DK6LrZ0eLSKjKESbNFG9ZrkS+MEA9C8Jh6RChjhtlt+iVspzBRq5ZNbWwyDDRsEMCi6hV4pyCxnjHXYDdUc1c5MbxeC8Hl1zSosmqXFPIx2o3zsKpqztqthVKoZt+9vri/959RyT/UYhdJYjaP41KMklxZT2s6ItYYCj7DrCuBFuV8rbzDCOLtGSCyH8ffJfUtv2D/zwrFo5qg7TmCIrZJWsk5DskSNyQk5JjXByRx7IE3n27r1H78V7/Sod8YY9y+QHvPdPsKCeuA==</latexit>

- Why is                        ? ✓ < 10�10

✓ = ✓QCD +Nf�AND flavour-neutral phase 



The theta angle of the strong interactions

✓
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- The value of     controls P,T violation in QCD
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Measured today |✓| < 10�10 (strong CP problem)
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QCD vacuum energy minimised at theta = 0

0 ⇡�⇡
n

n̄

Energy

✓

Measured today |✓| < 10�10 (strong CP problem)

✓(t,x)

generated by QCD!

- ... if               is dynamical field, relaxes to its minimum



ain’t you forgetting something?

P. Higgs



F. WiczekS. Weinberg

and a new particle is born ...

0 ⇡�⇡

- if               is dynamical field
Energy

✓

✓(t,x)

generated by QCD!

Field Excitations around 
the vacuum are particles 

it’s a higgslet!

clears the  
strong CP problem  

like my favorite soap 



and a new particle is born ... the axion
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- if               is dynamical field
Energy

✓

✓(t,x)

generated by QCD!

Field Excitations around 
the vacuum are particles 

it’s a higgslet!

clears the  
strong CP problem  

like my favorite soap 



and a new scale sets the game, fa

0 ⇡�⇡

Energy generated by QCD!

- kinetic term for          requires a new scale✓
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Start again



Phase shifts
- QCD with 2 flavors of quarks

- quark phase redefinitions   ...    U(2)_A = U(1)_A x SU(2)_A transformations

qR ! ei(✓0+✓·�)qR ; qL ! e�i(✓0+✓·�)qL, or q ! ei�5(✓0+~✓⇡·~�)q
<latexit sha1_base64="Edq3k2jlWG4U81AIB3t8NlYG5gI="></latexit><latexit sha1_base64="Edq3k2jlWG4U81AIB3t8NlYG5gI="></latexit><latexit sha1_base64="Edq3k2jlWG4U81AIB3t8NlYG5gI="></latexit><latexit sha1_base64="Edq3k2jlWG4U81AIB3t8NlYG5gI="></latexit><latexit sha1_base64="Edq3k2jlWG4U81AIB3t8NlYG5gI="></latexit><latexit sha1_base64="Edq3k2jlWG4U81AIB3t8NlYG5gI="></latexit>

1 - are classical symmetries of QCD in the limit mq ! 0
<latexit sha1_base64="uQ9PPPCvX9TbCjYb7dzHKpN1vhM=">AAAB8XicZVDLSgMxFM3UV62vqks3wVJwVWZay7S7ghuXFexD2qFk0kwbmmTGJCOUoV/hSlAQt36OK//GdDoUqxcuHM49l3vP8SNGlbbtbyu3tb2zu5ffLxwcHh2fFE/PuiqMJSYdHLJQ9n2kCKOCdDTVjPQjSRD3Gen5s5vlvPdEpKKhuNfziHgcTQQNKEbaUA989DjUIbThqFiyK3Za8D9wMlACWbVHxa/hOMQxJ0JjhpQaOHakvQRJTTEji8IwViRCeIYmZGCgQJwoL0kfXsCyYcYwCKVpoWHK/t5IEFdqzn2j5EhP1d/ZklzPyhundNDwEiqiWBOBV5eCmEFjcmkfjqkkWLO5AQhLap6FeIokwtqEVEhTcKquW3eM+Waz6dZrK2DXGusUutWKY2R316VWI8sjDy7AJbgCDnBBC9yCNugADDh4Bq/gzVLWi/VufaykOSvbOQcbZX3+AHwbkEU=</latexit><latexit sha1_base64="uQ9PPPCvX9TbCjYb7dzHKpN1vhM=">AAAB8XicZVDLSgMxFM3UV62vqks3wVJwVWZay7S7ghuXFexD2qFk0kwbmmTGJCOUoV/hSlAQt36OK//GdDoUqxcuHM49l3vP8SNGlbbtbyu3tb2zu5ffLxwcHh2fFE/PuiqMJSYdHLJQ9n2kCKOCdDTVjPQjSRD3Gen5s5vlvPdEpKKhuNfziHgcTQQNKEbaUA989DjUIbThqFiyK3Za8D9wMlACWbVHxa/hOMQxJ0JjhpQaOHakvQRJTTEji8IwViRCeIYmZGCgQJwoL0kfXsCyYcYwCKVpoWHK/t5IEFdqzn2j5EhP1d/ZklzPyhundNDwEiqiWBOBV5eCmEFjcmkfjqkkWLO5AQhLap6FeIokwtqEVEhTcKquW3eM+Waz6dZrK2DXGusUutWKY2R316VWI8sjDy7AJbgCDnBBC9yCNugADDh4Bq/gzVLWi/VufaykOSvbOQcbZX3+AHwbkEU=</latexit><latexit sha1_base64="uQ9PPPCvX9TbCjYb7dzHKpN1vhM=">AAAB8XicZVDLSgMxFM3UV62vqks3wVJwVWZay7S7ghuXFexD2qFk0kwbmmTGJCOUoV/hSlAQt36OK//GdDoUqxcuHM49l3vP8SNGlbbtbyu3tb2zu5ffLxwcHh2fFE/PuiqMJSYdHLJQ9n2kCKOCdDTVjPQjSRD3Gen5s5vlvPdEpKKhuNfziHgcTQQNKEbaUA989DjUIbThqFiyK3Za8D9wMlACWbVHxa/hOMQxJ0JjhpQaOHakvQRJTTEji8IwViRCeIYmZGCgQJwoL0kfXsCyYcYwCKVpoWHK/t5IEFdqzn2j5EhP1d/ZklzPyhundNDwEiqiWBOBV5eCmEFjcmkfjqkkWLO5AQhLap6FeIokwtqEVEhTcKquW3eM+Waz6dZrK2DXGusUutWKY2R316VWI8sjDy7AJbgCDnBBC9yCNugADDh4Bq/gzVLWi/VufaykOSvbOQcbZX3+AHwbkEU=</latexit><latexit sha1_base64="uQ9PPPCvX9TbCjYb7dzHKpN1vhM=">AAAB8XicZVDLSgMxFM3UV62vqks3wVJwVWZay7S7ghuXFexD2qFk0kwbmmTGJCOUoV/hSlAQt36OK//GdDoUqxcuHM49l3vP8SNGlbbtbyu3tb2zu5ffLxwcHh2fFE/PuiqMJSYdHLJQ9n2kCKOCdDTVjPQjSRD3Gen5s5vlvPdEpKKhuNfziHgcTQQNKEbaUA989DjUIbThqFiyK3Za8D9wMlACWbVHxa/hOMQxJ0JjhpQaOHakvQRJTTEji8IwViRCeIYmZGCgQJwoL0kfXsCyYcYwCKVpoWHK/t5IEFdqzn2j5EhP1d/ZklzPyhundNDwEiqiWBOBV5eCmEFjcmkfjqkkWLO5AQhLap6FeIokwtqEVEhTcKquW3eM+Waz6dZrK2DXGusUutWKY2R316VWI8sjDy7AJbgCDnBBC9yCNugADDh4Bq/gzVLWi/VufaykOSvbOQcbZX3+AHwbkEU=</latexit><latexit sha1_base64="uQ9PPPCvX9TbCjYb7dzHKpN1vhM=">AAAB8XicZVDLSgMxFM3UV62vqks3wVJwVWZay7S7ghuXFexD2qFk0kwbmmTGJCOUoV/hSlAQt36OK//GdDoUqxcuHM49l3vP8SNGlbbtbyu3tb2zu5ffLxwcHh2fFE/PuiqMJSYdHLJQ9n2kCKOCdDTVjPQjSRD3Gen5s5vlvPdEpKKhuNfziHgcTQQNKEbaUA989DjUIbThqFiyK3Za8D9wMlACWbVHxa/hOMQxJ0JjhpQaOHakvQRJTTEji8IwViRCeIYmZGCgQJwoL0kfXsCyYcYwCKVpoWHK/t5IEFdqzn2j5EhP1d/ZklzPyhundNDwEiqiWBOBV5eCmEFjcmkfjqkkWLO5AQhLap6FeIokwtqEVEhTcKquW3eM+Waz6dZrK2DXGusUutWKY2R316VWI8sjDy7AJbgCDnBBC9yCNugADDh4Bq/gzVLWi/VufaykOSvbOQcbZX3+AHwbkEU=</latexit><latexit sha1_base64="uQ9PPPCvX9TbCjYb7dzHKpN1vhM=">AAAB8XicZVDLSgMxFM3UV62vqks3wVJwVWZay7S7ghuXFexD2qFk0kwbmmTGJCOUoV/hSlAQt36OK//GdDoUqxcuHM49l3vP8SNGlbbtbyu3tb2zu5ffLxwcHh2fFE/PuiqMJSYdHLJQ9n2kCKOCdDTVjPQjSRD3Gen5s5vlvPdEpKKhuNfziHgcTQQNKEbaUA989DjUIbThqFiyK3Za8D9wMlACWbVHxa/hOMQxJ0JjhpQaOHakvQRJTTEji8IwViRCeIYmZGCgQJwoL0kfXsCyYcYwCKVpoWHK/t5IEFdqzn2j5EhP1d/ZklzPyhundNDwEiqiWBOBV5eCmEFjcmkfjqkkWLO5AQhLap6FeIokwtqEVEhTcKquW3eM+Waz6dZrK2DXGusUutWKY2R316VWI8sjDy7AJbgCDnBBC9yCNugADDh4Bq/gzVLWi/VufaykOSvbOQcbZX3+AHwbkEU=</latexit>

u = (u, d),
<latexit sha1_base64="86rLyu3AOWa4pASVSlsuIRUUJso=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkQwENnVZPUhEHrp0SA/QheZnZ3VwdnZZWY2kMVf0VNQEL32c3rq3zSuIlkHLhzOuZd773EjRqUyzW8js7W9s7uX3c8dHB4dn+RPz7oyjAUmHRyyUPRdJAmjnHQUVYz0I0FQ4DLSc6e3C7/3RISkIX9Qs4g4ARpz6lOMlJYe45tSXPauynCUL5gVMwX8T6wVKYAV2qP819ALcRwQrjBDUg4sM1JOgoSimJF5bhhLEiE8RWMy0JSjgEgnSQ+ew6JWPOiHQhdXMFV/TyQokHIWuLozQGoi/3oLce0VN1Ypv+EklEexIhwvN/kxgyqEi/ehRwXBis00QVhQfSzEEyQQVjqkXJqCVbXtuqWfbzabdr22JGatsU6hW61Yuu3+utBqrPLIggtwCUrAAjZogTvQBh2AQQCewSt4M6TxYrwbH8vWjLGaOQcbMD5/AJH6j60=</latexit><latexit sha1_base64="86rLyu3AOWa4pASVSlsuIRUUJso=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkQwENnVZPUhEHrp0SA/QheZnZ3VwdnZZWY2kMVf0VNQEL32c3rq3zSuIlkHLhzOuZd773EjRqUyzW8js7W9s7uX3c8dHB4dn+RPz7oyjAUmHRyyUPRdJAmjnHQUVYz0I0FQ4DLSc6e3C7/3RISkIX9Qs4g4ARpz6lOMlJYe45tSXPauynCUL5gVMwX8T6wVKYAV2qP819ALcRwQrjBDUg4sM1JOgoSimJF5bhhLEiE8RWMy0JSjgEgnSQ+ew6JWPOiHQhdXMFV/TyQokHIWuLozQGoi/3oLce0VN1Ypv+EklEexIhwvN/kxgyqEi/ehRwXBis00QVhQfSzEEyQQVjqkXJqCVbXtuqWfbzabdr22JGatsU6hW61Yuu3+utBqrPLIggtwCUrAAjZogTvQBh2AQQCewSt4M6TxYrwbH8vWjLGaOQcbMD5/AJH6j60=</latexit><latexit sha1_base64="86rLyu3AOWa4pASVSlsuIRUUJso=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkQwENnVZPUhEHrp0SA/QheZnZ3VwdnZZWY2kMVf0VNQEL32c3rq3zSuIlkHLhzOuZd773EjRqUyzW8js7W9s7uX3c8dHB4dn+RPz7oyjAUmHRyyUPRdJAmjnHQUVYz0I0FQ4DLSc6e3C7/3RISkIX9Qs4g4ARpz6lOMlJYe45tSXPauynCUL5gVMwX8T6wVKYAV2qP819ALcRwQrjBDUg4sM1JOgoSimJF5bhhLEiE8RWMy0JSjgEgnSQ+ew6JWPOiHQhdXMFV/TyQokHIWuLozQGoi/3oLce0VN1Ypv+EklEexIhwvN/kxgyqEi/ehRwXBis00QVhQfSzEEyQQVjqkXJqCVbXtuqWfbzabdr22JGatsU6hW61Yuu3+utBqrPLIggtwCUrAAjZogTvQBh2AQQCewSt4M6TxYrwbH8vWjLGaOQcbMD5/AJH6j60=</latexit><latexit sha1_base64="86rLyu3AOWa4pASVSlsuIRUUJso=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkQwENnVZPUhEHrp0SA/QheZnZ3VwdnZZWY2kMVf0VNQEL32c3rq3zSuIlkHLhzOuZd773EjRqUyzW8js7W9s7uX3c8dHB4dn+RPz7oyjAUmHRyyUPRdJAmjnHQUVYz0I0FQ4DLSc6e3C7/3RISkIX9Qs4g4ARpz6lOMlJYe45tSXPauynCUL5gVMwX8T6wVKYAV2qP819ALcRwQrjBDUg4sM1JOgoSimJF5bhhLEiE8RWMy0JSjgEgnSQ+ew6JWPOiHQhdXMFV/TyQokHIWuLozQGoi/3oLce0VN1Ypv+EklEexIhwvN/kxgyqEi/ehRwXBis00QVhQfSzEEyQQVjqkXJqCVbXtuqWfbzabdr22JGatsU6hW61Yuu3+utBqrPLIggtwCUrAAjZogTvQBh2AQQCewSt4M6TxYrwbH8vWjLGaOQcbMD5/AJH6j60=</latexit><latexit sha1_base64="86rLyu3AOWa4pASVSlsuIRUUJso=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkQwENnVZPUhEHrp0SA/QheZnZ3VwdnZZWY2kMVf0VNQEL32c3rq3zSuIlkHLhzOuZd773EjRqUyzW8js7W9s7uX3c8dHB4dn+RPz7oyjAUmHRyyUPRdJAmjnHQUVYz0I0FQ4DLSc6e3C7/3RISkIX9Qs4g4ARpz6lOMlJYe45tSXPauynCUL5gVMwX8T6wVKYAV2qP819ALcRwQrjBDUg4sM1JOgoSimJF5bhhLEiE8RWMy0JSjgEgnSQ+ew6JWPOiHQhdXMFV/TyQokHIWuLozQGoi/3oLce0VN1Ypv+EklEexIhwvN/kxgyqEi/ehRwXBis00QVhQfSzEEyQQVjqkXJqCVbXtuqWfbzabdr22JGatsU6hW61Yuu3+utBqrPLIggtwCUrAAjZogTvQBh2AQQCewSt4M6TxYrwbH8vWjLGaOQcbMD5/AJH6j60=</latexit><latexit sha1_base64="86rLyu3AOWa4pASVSlsuIRUUJso=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkQwENnVZPUhEHrp0SA/QheZnZ3VwdnZZWY2kMVf0VNQEL32c3rq3zSuIlkHLhzOuZd773EjRqUyzW8js7W9s7uX3c8dHB4dn+RPz7oyjAUmHRyyUPRdJAmjnHQUVYz0I0FQ4DLSc6e3C7/3RISkIX9Qs4g4ARpz6lOMlJYe45tSXPauynCUL5gVMwX8T6wVKYAV2qP819ALcRwQrjBDUg4sM1JOgoSimJF5bhhLEiE8RWMy0JSjgEgnSQ+ew6JWPOiHQhdXMFV/TyQokHIWuLozQGoi/3oLce0VN1Ypv+EklEexIhwvN/kxgyqEi/ehRwXBis00QVhQfSzEEyQQVjqkXJqCVbXtuqWfbzabdr22JGatsU6hW61Yuu3+utBqrPLIggtwCUrAAjZogTvQBh2AQQCewSt4M6TxYrwbH8vWjLGaOQcbMD5/AJH6j60=</latexit>

2 - they are not symmetries! so they can be used to eliminate all phases from         
3 - the common phase of M requires a U(1)_A shift, which is SPECIAL   

Mq
<latexit sha1_base64="3oOYbnmAIK5Rkh6x4LBWY7hqtso=">AAAB63icZVDLSgMxFM34rPVVdekmWAquykxrmXZXcONGqGgf0A4lk2ba0CQzJhmhDP0EV4KCuPWLXPk3ptOhWD1w4XDOvdx7jx8xqrRtf1sbm1vbO7u5vfz+weHRceHktKPCWGLSxiELZc9HijAqSFtTzUgvkgRxn5GuP71e+N0nIhUNxYOeRcTjaCxoQDHSRrq/HT4OC0W7bKeA/4mTkSLI0BoWvgajEMecCI0ZUqrv2JH2EiQ1xYzM84NYkQjhKRqTvqECcaK8JD11DktGGcEglKaEhqn6eyJBXKkZ900nR3qi/noLceWV1lbpoO4lVESxJgIvNwUxgzqEi8fhiEqCNZsZgrCk5liIJ0girE08+TQFp+K6Ncc832g03Fp1SexqfZVCp1J2TNvdVbFZz/LIgXNwAS6BA1zQBDegBdoAgzF4Bq/gzeLWi/VufSxbN6xs5gyswfr8AdG5jjo=</latexit><latexit sha1_base64="3oOYbnmAIK5Rkh6x4LBWY7hqtso=">AAAB63icZVDLSgMxFM34rPVVdekmWAquykxrmXZXcONGqGgf0A4lk2ba0CQzJhmhDP0EV4KCuPWLXPk3ptOhWD1w4XDOvdx7jx8xqrRtf1sbm1vbO7u5vfz+weHRceHktKPCWGLSxiELZc9HijAqSFtTzUgvkgRxn5GuP71e+N0nIhUNxYOeRcTjaCxoQDHSRrq/HT4OC0W7bKeA/4mTkSLI0BoWvgajEMecCI0ZUqrv2JH2EiQ1xYzM84NYkQjhKRqTvqECcaK8JD11DktGGcEglKaEhqn6eyJBXKkZ900nR3qi/noLceWV1lbpoO4lVESxJgIvNwUxgzqEi8fhiEqCNZsZgrCk5liIJ0girE08+TQFp+K6Ncc832g03Fp1SexqfZVCp1J2TNvdVbFZz/LIgXNwAS6BA1zQBDegBdoAgzF4Bq/gzeLWi/VufSxbN6xs5gyswfr8AdG5jjo=</latexit><latexit sha1_base64="3oOYbnmAIK5Rkh6x4LBWY7hqtso=">AAAB63icZVDLSgMxFM34rPVVdekmWAquykxrmXZXcONGqGgf0A4lk2ba0CQzJhmhDP0EV4KCuPWLXPk3ptOhWD1w4XDOvdx7jx8xqrRtf1sbm1vbO7u5vfz+weHRceHktKPCWGLSxiELZc9HijAqSFtTzUgvkgRxn5GuP71e+N0nIhUNxYOeRcTjaCxoQDHSRrq/HT4OC0W7bKeA/4mTkSLI0BoWvgajEMecCI0ZUqrv2JH2EiQ1xYzM84NYkQjhKRqTvqECcaK8JD11DktGGcEglKaEhqn6eyJBXKkZ900nR3qi/noLceWV1lbpoO4lVESxJgIvNwUxgzqEi8fhiEqCNZsZgrCk5liIJ0girE08+TQFp+K6Ncc832g03Fp1SexqfZVCp1J2TNvdVbFZz/LIgXNwAS6BA1zQBDegBdoAgzF4Bq/gzeLWi/VufSxbN6xs5gyswfr8AdG5jjo=</latexit><latexit sha1_base64="3oOYbnmAIK5Rkh6x4LBWY7hqtso=">AAAB63icZVDLSgMxFM34rPVVdekmWAquykxrmXZXcONGqGgf0A4lk2ba0CQzJhmhDP0EV4KCuPWLXPk3ptOhWD1w4XDOvdx7jx8xqrRtf1sbm1vbO7u5vfz+weHRceHktKPCWGLSxiELZc9HijAqSFtTzUgvkgRxn5GuP71e+N0nIhUNxYOeRcTjaCxoQDHSRrq/HT4OC0W7bKeA/4mTkSLI0BoWvgajEMecCI0ZUqrv2JH2EiQ1xYzM84NYkQjhKRqTvqECcaK8JD11DktGGcEglKaEhqn6eyJBXKkZ900nR3qi/noLceWV1lbpoO4lVESxJgIvNwUxgzqEi8fhiEqCNZsZgrCk5liIJ0girE08+TQFp+K6Ncc832g03Fp1SexqfZVCp1J2TNvdVbFZz/LIgXNwAS6BA1zQBDegBdoAgzF4Bq/gzeLWi/VufSxbN6xs5gyswfr8AdG5jjo=</latexit><latexit sha1_base64="3oOYbnmAIK5Rkh6x4LBWY7hqtso=">AAAB63icZVDLSgMxFM34rPVVdekmWAquykxrmXZXcONGqGgf0A4lk2ba0CQzJhmhDP0EV4KCuPWLXPk3ptOhWD1w4XDOvdx7jx8xqrRtf1sbm1vbO7u5vfz+weHRceHktKPCWGLSxiELZc9HijAqSFtTzUgvkgRxn5GuP71e+N0nIhUNxYOeRcTjaCxoQDHSRrq/HT4OC0W7bKeA/4mTkSLI0BoWvgajEMecCI0ZUqrv2JH2EiQ1xYzM84NYkQjhKRqTvqECcaK8JD11DktGGcEglKaEhqn6eyJBXKkZ900nR3qi/noLceWV1lbpoO4lVESxJgIvNwUxgzqEi8fhiEqCNZsZgrCk5liIJ0girE08+TQFp+K6Ncc832g03Fp1SexqfZVCp1J2TNvdVbFZz/LIgXNwAS6BA1zQBDegBdoAgzF4Bq/gzeLWi/VufSxbN6xs5gyswfr8AdG5jjo=</latexit><latexit sha1_base64="3oOYbnmAIK5Rkh6x4LBWY7hqtso=">AAAB63icZVDLSgMxFM34rPVVdekmWAquykxrmXZXcONGqGgf0A4lk2ba0CQzJhmhDP0EV4KCuPWLXPk3ptOhWD1w4XDOvdx7jx8xqrRtf1sbm1vbO7u5vfz+weHRceHktKPCWGLSxiELZc9HijAqSFtTzUgvkgRxn5GuP71e+N0nIhUNxYOeRcTjaCxoQDHSRrq/HT4OC0W7bKeA/4mTkSLI0BoWvgajEMecCI0ZUqrv2JH2EiQ1xYzM84NYkQjhKRqTvqECcaK8JD11DktGGcEglKaEhqn6eyJBXKkZ900nR3qi/noLceWV1lbpoO4lVESxJgIvNwUxgzqEi8fhiEqCNZsZgrCk5liIJ0girE08+TQFp+K6Ncc832g03Fp1SexqfZVCp1J2TNvdVbFZz/LIgXNwAS6BA1zQBDegBdoAgzF4Bq/gzeLWi/VufSxbN6xs5gyswfr8AdG5jjo=</latexit>

L = �1

4
Ga

µ⌫G
µ⌫
a + iq̄�µD

µq � (q̄LMqqR + h.c.)� ↵s

4⇡
G eG✓QCD

<latexit sha1_base64="0JnzbMJq/M/Z3HvASjjdnxHfvLE="></latexit><latexit sha1_base64="0JnzbMJq/M/Z3HvASjjdnxHfvLE="></latexit><latexit sha1_base64="0JnzbMJq/M/Z3HvASjjdnxHfvLE="></latexit><latexit sha1_base64="0JnzbMJq/M/Z3HvASjjdnxHfvLE="></latexit><latexit sha1_base64="0JnzbMJq/M/Z3HvASjjdnxHfvLE="></latexit><latexit sha1_base64="0JnzbMJq/M/Z3HvASjjdnxHfvLE="></latexit>

mq = diag{mu,md}
<latexit sha1_base64="BetE4Jwm8PgXM8XrNeHBFnGHQqE=">AAACBnicZVDLSgMxFM34rPVVdamLYBFcSJlRS9uFUHDjsoJ9QKcMmUzahiYzY3JHLEM3rvwUV4KCuPUfXPk3pg+KjwOBwznncnOPHwuuwba/rIXFpeWV1cxadn1jc2s7t7Pb0FGiKKvTSESq5RPNBA9ZHTgI1ooVI9IXrOkPLsd+844pzaPwBoYx60jSC3mXUwJG8nIH0rvFF9gFdg9pwElv5KbSS06kF7gjL5e3C/YE+D9xZiSPZqh5uU83iGgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSSdXjPCRUQLcjZR5IeCJ+nMiJVLrofRNUhLo67/eWJx7R79WQbfcSXkYJ8BCOt3UTQSGCI87wQFXjIIYGkKo4uazmPaJIhRMc9lJC85pqVR0zPGVSqVUPJsS+6w8b6FxWnBM7Po8Xy3P+sigfXSIjpGDSqiKrlAN1RFFD+gJvaBX69F6tt6s92l0wZrN7KFfsD6+AQfxmP0=</latexit><latexit sha1_base64="BetE4Jwm8PgXM8XrNeHBFnGHQqE=">AAACBnicZVDLSgMxFM34rPVVdamLYBFcSJlRS9uFUHDjsoJ9QKcMmUzahiYzY3JHLEM3rvwUV4KCuPUfXPk3pg+KjwOBwznncnOPHwuuwba/rIXFpeWV1cxadn1jc2s7t7Pb0FGiKKvTSESq5RPNBA9ZHTgI1ooVI9IXrOkPLsd+844pzaPwBoYx60jSC3mXUwJG8nIH0rvFF9gFdg9pwElv5KbSS06kF7gjL5e3C/YE+D9xZiSPZqh5uU83iGgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSSdXjPCRUQLcjZR5IeCJ+nMiJVLrofRNUhLo67/eWJx7R79WQbfcSXkYJ8BCOt3UTQSGCI87wQFXjIIYGkKo4uazmPaJIhRMc9lJC85pqVR0zPGVSqVUPJsS+6w8b6FxWnBM7Po8Xy3P+sigfXSIjpGDSqiKrlAN1RFFD+gJvaBX69F6tt6s92l0wZrN7KFfsD6+AQfxmP0=</latexit><latexit sha1_base64="BetE4Jwm8PgXM8XrNeHBFnGHQqE=">AAACBnicZVDLSgMxFM34rPVVdamLYBFcSJlRS9uFUHDjsoJ9QKcMmUzahiYzY3JHLEM3rvwUV4KCuPUfXPk3pg+KjwOBwznncnOPHwuuwba/rIXFpeWV1cxadn1jc2s7t7Pb0FGiKKvTSESq5RPNBA9ZHTgI1ooVI9IXrOkPLsd+844pzaPwBoYx60jSC3mXUwJG8nIH0rvFF9gFdg9pwElv5KbSS06kF7gjL5e3C/YE+D9xZiSPZqh5uU83iGgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSSdXjPCRUQLcjZR5IeCJ+nMiJVLrofRNUhLo67/eWJx7R79WQbfcSXkYJ8BCOt3UTQSGCI87wQFXjIIYGkKo4uazmPaJIhRMc9lJC85pqVR0zPGVSqVUPJsS+6w8b6FxWnBM7Po8Xy3P+sigfXSIjpGDSqiKrlAN1RFFD+gJvaBX69F6tt6s92l0wZrN7KFfsD6+AQfxmP0=</latexit><latexit sha1_base64="BetE4Jwm8PgXM8XrNeHBFnGHQqE=">AAACBnicZVDLSgMxFM34rPVVdamLYBFcSJlRS9uFUHDjsoJ9QKcMmUzahiYzY3JHLEM3rvwUV4KCuPUfXPk3pg+KjwOBwznncnOPHwuuwba/rIXFpeWV1cxadn1jc2s7t7Pb0FGiKKvTSESq5RPNBA9ZHTgI1ooVI9IXrOkPLsd+844pzaPwBoYx60jSC3mXUwJG8nIH0rvFF9gFdg9pwElv5KbSS06kF7gjL5e3C/YE+D9xZiSPZqh5uU83iGgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSSdXjPCRUQLcjZR5IeCJ+nMiJVLrofRNUhLo67/eWJx7R79WQbfcSXkYJ8BCOt3UTQSGCI87wQFXjIIYGkKo4uazmPaJIhRMc9lJC85pqVR0zPGVSqVUPJsS+6w8b6FxWnBM7Po8Xy3P+sigfXSIjpGDSqiKrlAN1RFFD+gJvaBX69F6tt6s92l0wZrN7KFfsD6+AQfxmP0=</latexit><latexit sha1_base64="BetE4Jwm8PgXM8XrNeHBFnGHQqE=">AAACBnicZVDLSgMxFM34rPVVdamLYBFcSJlRS9uFUHDjsoJ9QKcMmUzahiYzY3JHLEM3rvwUV4KCuPUfXPk3pg+KjwOBwznncnOPHwuuwba/rIXFpeWV1cxadn1jc2s7t7Pb0FGiKKvTSESq5RPNBA9ZHTgI1ooVI9IXrOkPLsd+844pzaPwBoYx60jSC3mXUwJG8nIH0rvFF9gFdg9pwElv5KbSS06kF7gjL5e3C/YE+D9xZiSPZqh5uU83iGgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSSdXjPCRUQLcjZR5IeCJ+nMiJVLrofRNUhLo67/eWJx7R79WQbfcSXkYJ8BCOt3UTQSGCI87wQFXjIIYGkKo4uazmPaJIhRMc9lJC85pqVR0zPGVSqVUPJsS+6w8b6FxWnBM7Po8Xy3P+sigfXSIjpGDSqiKrlAN1RFFD+gJvaBX69F6tt6s92l0wZrN7KFfsD6+AQfxmP0=</latexit><latexit sha1_base64="BetE4Jwm8PgXM8XrNeHBFnGHQqE=">AAACBnicZVDLSgMxFM34rPVVdamLYBFcSJlRS9uFUHDjsoJ9QKcMmUzahiYzY3JHLEM3rvwUV4KCuPUfXPk3pg+KjwOBwznncnOPHwuuwba/rIXFpeWV1cxadn1jc2s7t7Pb0FGiKKvTSESq5RPNBA9ZHTgI1ooVI9IXrOkPLsd+844pzaPwBoYx60jSC3mXUwJG8nIH0rvFF9gFdg9pwElv5KbSS06kF7gjL5e3C/YE+D9xZiSPZqh5uU83iGgiWQhUEK3bjh1DJyUKOBVslHUTzWJCB6TH2oaGRDLdSSdXjPCRUQLcjZR5IeCJ+nMiJVLrofRNUhLo67/eWJx7R79WQbfcSXkYJ8BCOt3UTQSGCI87wQFXjIIYGkKo4uazmPaJIhRMc9lJC85pqVR0zPGVSqVUPJsS+6w8b6FxWnBM7Po8Xy3P+sigfXSIjpGDSqiKrlAN1RFFD+gJvaBX69F6tt6s92l0wZrN7KFfsD6+AQfxmP0=</latexit>

L = �1

4
Ga

µ⌫G
µ⌫
a + iq̄�µD

µq � (q̄Lmqe
i✓Y qR + h.c.)� ↵s

4⇡
G eG✓QCD

<latexit sha1_base64="+dxZkUzDpF4UwNhtDnC1LRWHZUc="></latexit><latexit sha1_base64="+dxZkUzDpF4UwNhtDnC1LRWHZUc="></latexit><latexit sha1_base64="+dxZkUzDpF4UwNhtDnC1LRWHZUc="></latexit><latexit sha1_base64="+dxZkUzDpF4UwNhtDnC1LRWHZUc="></latexit><latexit sha1_base64="+dxZkUzDpF4UwNhtDnC1LRWHZUc="></latexit><latexit sha1_base64="+dxZkUzDpF4UwNhtDnC1LRWHZUc="></latexit>

q ! e�i�5
✓Y
2 q

<latexit sha1_base64="L6JFNcTrn/kMHfZuxr3lmUoseWA="></latexit><latexit sha1_base64="L6JFNcTrn/kMHfZuxr3lmUoseWA="></latexit><latexit sha1_base64="L6JFNcTrn/kMHfZuxr3lmUoseWA="></latexit><latexit sha1_base64="L6JFNcTrn/kMHfZuxr3lmUoseWA="></latexit><latexit sha1_base64="L6JFNcTrn/kMHfZuxr3lmUoseWA="></latexit><latexit sha1_base64="L6JFNcTrn/kMHfZuxr3lmUoseWA="></latexit>

�(q̄LmqqR + h.c.)
<latexit sha1_base64="osjvem/nfoXG/HFIkbjnzyG6miY="></latexit><latexit sha1_base64="osjvem/nfoXG/HFIkbjnzyG6miY="></latexit><latexit sha1_base64="osjvem/nfoXG/HFIkbjnzyG6miY="></latexit><latexit sha1_base64="osjvem/nfoXG/HFIkbjnzyG6miY="></latexit><latexit sha1_base64="osjvem/nfoXG/HFIkbjnzyG6miY="></latexit><latexit sha1_base64="osjvem/nfoXG/HFIkbjnzyG6miY="></latexit>

�↵s

4⇡
G eG(✓QCD +Nf✓Y )

<latexit sha1_base64="5+FiyewhPgV92zPk/FGFSFazKmc="></latexit><latexit sha1_base64="5+FiyewhPgV92zPk/FGFSFazKmc="></latexit><latexit sha1_base64="5+FiyewhPgV92zPk/FGFSFazKmc="></latexit><latexit sha1_base64="5+FiyewhPgV92zPk/FGFSFazKmc="></latexit><latexit sha1_base64="5+FiyewhPgV92zPk/FGFSFazKmc="></latexit><latexit sha1_base64="5+FiyewhPgV92zPk/FGFSFazKmc="></latexit>

- Note that all CP violation is now in GGtilde and only one phase remains: ✓ = ✓QCD + arg{DetMq}
<latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit>



Axial Anomaly (nutshell)

Noether theorem (global symmetry = conserved current)
� ! �+ ↵��

<latexit sha1_base64="Z3xZyxxUZTKRxaUgkPHz8C6TnRY=">AAACCXicZVDLSgMxFM34rPU16tKFwVIQhDLTWtruCrpwWcE+oDOUO2nahmYeJBmhDF268lNcCQri1k9w5d+YaUuxeiBwOOdebs7xIs6ksqxvY219Y3NrO7OT3d3bPzg0j45bMowFoU0S8lB0PJCUs4A2FVOcdiJBwfc4bXvj69RvP1AhWRjcq0lEXR+GARswAkpLPfPMiUYMOyrEKbl0gEcjwM4N5QpSpWfmrII1A/5P7AXJoQUaPfPL6Yck9mmgCAcpu7YVKTcBoRjhdJp1YkkjIGMY0q6mAfhUusksyBTntdLHg1DoFyg8U39vJOBLOfE9PemDGsm/XiouvfzKKTWougkLoljRgMwvDWKOdfC0FtxnghLFJ5oAEUx/FpMRCCBKl5edtWAXK5WyrcPXarVKuTQnVqm6bKFVLNh67O4qV68u+sigU3SOLpCNKqiOblEDNRFBj+gZvaI348l4Md6Nj/nomrHYOUErMD5/AHMpma8=</latexit><latexit sha1_base64="Z3xZyxxUZTKRxaUgkPHz8C6TnRY=">AAACCXicZVDLSgMxFM34rPU16tKFwVIQhDLTWtruCrpwWcE+oDOUO2nahmYeJBmhDF268lNcCQri1k9w5d+YaUuxeiBwOOdebs7xIs6ksqxvY219Y3NrO7OT3d3bPzg0j45bMowFoU0S8lB0PJCUs4A2FVOcdiJBwfc4bXvj69RvP1AhWRjcq0lEXR+GARswAkpLPfPMiUYMOyrEKbl0gEcjwM4N5QpSpWfmrII1A/5P7AXJoQUaPfPL6Yck9mmgCAcpu7YVKTcBoRjhdJp1YkkjIGMY0q6mAfhUusksyBTntdLHg1DoFyg8U39vJOBLOfE9PemDGsm/XiouvfzKKTWougkLoljRgMwvDWKOdfC0FtxnghLFJ5oAEUx/FpMRCCBKl5edtWAXK5WyrcPXarVKuTQnVqm6bKFVLNh67O4qV68u+sigU3SOLpCNKqiOblEDNRFBj+gZvaI348l4Md6Nj/nomrHYOUErMD5/AHMpma8=</latexit><latexit sha1_base64="Z3xZyxxUZTKRxaUgkPHz8C6TnRY=">AAACCXicZVDLSgMxFM34rPU16tKFwVIQhDLTWtruCrpwWcE+oDOUO2nahmYeJBmhDF268lNcCQri1k9w5d+YaUuxeiBwOOdebs7xIs6ksqxvY219Y3NrO7OT3d3bPzg0j45bMowFoU0S8lB0PJCUs4A2FVOcdiJBwfc4bXvj69RvP1AhWRjcq0lEXR+GARswAkpLPfPMiUYMOyrEKbl0gEcjwM4N5QpSpWfmrII1A/5P7AXJoQUaPfPL6Yck9mmgCAcpu7YVKTcBoRjhdJp1YkkjIGMY0q6mAfhUusksyBTntdLHg1DoFyg8U39vJOBLOfE9PemDGsm/XiouvfzKKTWougkLoljRgMwvDWKOdfC0FtxnghLFJ5oAEUx/FpMRCCBKl5edtWAXK5WyrcPXarVKuTQnVqm6bKFVLNh67O4qV68u+sigU3SOLpCNKqiOblEDNRFBj+gZvaI348l4Md6Nj/nomrHYOUErMD5/AHMpma8=</latexit><latexit sha1_base64="Z3xZyxxUZTKRxaUgkPHz8C6TnRY=">AAACCXicZVDLSgMxFM34rPU16tKFwVIQhDLTWtruCrpwWcE+oDOUO2nahmYeJBmhDF268lNcCQri1k9w5d+YaUuxeiBwOOdebs7xIs6ksqxvY219Y3NrO7OT3d3bPzg0j45bMowFoU0S8lB0PJCUs4A2FVOcdiJBwfc4bXvj69RvP1AhWRjcq0lEXR+GARswAkpLPfPMiUYMOyrEKbl0gEcjwM4N5QpSpWfmrII1A/5P7AXJoQUaPfPL6Yck9mmgCAcpu7YVKTcBoRjhdJp1YkkjIGMY0q6mAfhUusksyBTntdLHg1DoFyg8U39vJOBLOfE9PemDGsm/XiouvfzKKTWougkLoljRgMwvDWKOdfC0FtxnghLFJ5oAEUx/FpMRCCBKl5edtWAXK5WyrcPXarVKuTQnVqm6bKFVLNh67O4qV68u+sigU3SOLpCNKqiOblEDNRFBj+gZvaI348l4Md6Nj/nomrHYOUErMD5/AHMpma8=</latexit><latexit sha1_base64="Z3xZyxxUZTKRxaUgkPHz8C6TnRY=">AAACCXicZVDLSgMxFM34rPU16tKFwVIQhDLTWtruCrpwWcE+oDOUO2nahmYeJBmhDF268lNcCQri1k9w5d+YaUuxeiBwOOdebs7xIs6ksqxvY219Y3NrO7OT3d3bPzg0j45bMowFoU0S8lB0PJCUs4A2FVOcdiJBwfc4bXvj69RvP1AhWRjcq0lEXR+GARswAkpLPfPMiUYMOyrEKbl0gEcjwM4N5QpSpWfmrII1A/5P7AXJoQUaPfPL6Yck9mmgCAcpu7YVKTcBoRjhdJp1YkkjIGMY0q6mAfhUusksyBTntdLHg1DoFyg8U39vJOBLOfE9PemDGsm/XiouvfzKKTWougkLoljRgMwvDWKOdfC0FtxnghLFJ5oAEUx/FpMRCCBKl5edtWAXK5WyrcPXarVKuTQnVqm6bKFVLNh67O4qV68u+sigU3SOLpCNKqiOblEDNRFBj+gZvaI348l4Md6Nj/nomrHYOUErMD5/AHMpma8=</latexit><latexit sha1_base64="Z3xZyxxUZTKRxaUgkPHz8C6TnRY=">AAACCXicZVDLSgMxFM34rPU16tKFwVIQhDLTWtruCrpwWcE+oDOUO2nahmYeJBmhDF268lNcCQri1k9w5d+YaUuxeiBwOOdebs7xIs6ksqxvY219Y3NrO7OT3d3bPzg0j45bMowFoU0S8lB0PJCUs4A2FVOcdiJBwfc4bXvj69RvP1AhWRjcq0lEXR+GARswAkpLPfPMiUYMOyrEKbl0gEcjwM4N5QpSpWfmrII1A/5P7AXJoQUaPfPL6Yck9mmgCAcpu7YVKTcBoRjhdJp1YkkjIGMY0q6mAfhUusksyBTntdLHg1DoFyg8U39vJOBLOfE9PemDGsm/XiouvfzKKTWougkLoljRgMwvDWKOdfC0FtxnghLFJ5oAEUx/FpMRCCBKl5edtWAXK5WyrcPXarVKuTQnVqm6bKFVLNh67O4qV68u+sigU3SOLpCNKqiOblEDNRFBj+gZvaI348l4Md6Nj/nomrHYOUErMD5/AHMpma8=</latexit>

L0 � L = @µ

✓
(↵��)

@L
@(@µ�)

◆
⌘ @µ (↵J

µ)
<latexit sha1_base64="EZWqYHfO4fR0UajFV9xll9fXLv4="></latexit><latexit sha1_base64="EZWqYHfO4fR0UajFV9xll9fXLv4="></latexit><latexit sha1_base64="EZWqYHfO4fR0UajFV9xll9fXLv4="></latexit><latexit sha1_base64="EZWqYHfO4fR0UajFV9xll9fXLv4="></latexit><latexit sha1_base64="EZWqYHfO4fR0UajFV9xll9fXLv4="></latexit><latexit sha1_base64="EZWqYHfO4fR0UajFV9xll9fXLv4="></latexit>

L0 = L� (@µ↵)q̄�
µ�5q � (↵)2mqiq̄�

5q
<latexit sha1_base64="TuktRmQyT3B1Ycqvse3QsygIHt4="></latexit><latexit sha1_base64="TuktRmQyT3B1Ycqvse3QsygIHt4="></latexit><latexit sha1_base64="TuktRmQyT3B1Ycqvse3QsygIHt4="></latexit><latexit sha1_base64="TuktRmQyT3B1Ycqvse3QsygIHt4="></latexit><latexit sha1_base64="TuktRmQyT3B1Ycqvse3QsygIHt4="></latexit><latexit sha1_base64="TuktRmQyT3B1Ycqvse3QsygIHt4="></latexit>

Applied to U(1)_A (exercise...) 

@µ
�
q̄�µ�5q

�
= 2mq(iq̄�

5q)
<latexit sha1_base64="VK/wWuW4UKUqz9ES0NhWuc6CeYU="></latexit><latexit sha1_base64="VK/wWuW4UKUqz9ES0NhWuc6CeYU="></latexit><latexit sha1_base64="VK/wWuW4UKUqz9ES0NhWuc6CeYU="></latexit><latexit sha1_base64="VK/wWuW4UKUqz9ES0NhWuc6CeYU="></latexit><latexit sha1_base64="VK/wWuW4UKUqz9ES0NhWuc6CeYU="></latexit><latexit sha1_base64="VK/wWuW4UKUqz9ES0NhWuc6CeYU="></latexit>

And we obtain an equality that should be always be valid (operator level) 

(The Axial current is NOT conserved if                  )

j5µ = �Jµ = q̄�µ�5q
<latexit sha1_base64="O63+qeTOV9wxwffypPmaLJMoWz0="></latexit><latexit sha1_base64="O63+qeTOV9wxwffypPmaLJMoWz0="></latexit><latexit sha1_base64="O63+qeTOV9wxwffypPmaLJMoWz0="></latexit><latexit sha1_base64="O63+qeTOV9wxwffypPmaLJMoWz0="></latexit><latexit sha1_base64="O63+qeTOV9wxwffypPmaLJMoWz0="></latexit><latexit sha1_base64="O63+qeTOV9wxwffypPmaLJMoWz0="></latexit>

mq 6= 0
<latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit>

Adler-Bell-Jackiw anomaly, the equality is violated at the quantum level (triangle diagram) 
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4⇡
G eG

<latexit sha1_base64="Vym8B7l2VBgsyBFUpodTn9P4iH8="></latexit><latexit sha1_base64="Vym8B7l2VBgsyBFUpodTn9P4iH8="></latexit><latexit sha1_base64="Vym8B7l2VBgsyBFUpodTn9P4iH8="></latexit><latexit sha1_base64="Vym8B7l2VBgsyBFUpodTn9P4iH8="></latexit><latexit sha1_base64="Vym8B7l2VBgsyBFUpodTn9P4iH8="></latexit><latexit sha1_base64="Vym8B7l2VBgsyBFUpodTn9P4iH8="></latexit>

-The U(1) Axial current is NOT conserved even if                    
-U(1) Axial transformations shift quark phases into          -term*

mq 6= 0
<latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit><latexit sha1_base64="1lyxIq0Ow9G5K5sSvfDlIHZQuJ8=">AAAB8XicZVDLSgMxFM34rPVVdekmWAquykxrmXZXcOOygn1IO5RMmmlDk8w0yQhl6Fe4EhTErZ/jyr8xnQ7F6oELh3Pu5d57/IhRpW3729ra3tnd288d5A+Pjk9OC2fnHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT96e3S7z4RqWgoHvQ8Ih5HY0EDipE20iMfzgaCzKA9LBTtsp0C/idORoogQ2tY+BqMQhxzIjRmSKm+Y0faS5DUFDOyyA9iRSKEp2hM+oYKxInykvTgBSwZZQSDUJoSGqbq74kEcaXm3DedHOmJ+ustxbVX2lilg7qXUBHFmgi82hTEDOoQLt+HIyoJ1mxuCMKSmmMhniCJsDYh5dMUnIrr1hzzfKPRcGvVFbGr9XUKnUrZMW33N8VmPcsjBy7BFbgGDnBBE9yBFmgDDDh4Bq/gzVLWi/Vufaxat6xs5gJswPr8Ad88kIY=</latexit>

G eG
<latexit sha1_base64="YX/1eS0jUfwTXQ2kbwFn6cRSNDQ=">AAAB9XicZVBbSwJBGJ3tanazeuxlSISeZFeT1TehB3s0yAvoIrOznzo4e2lmNhHxd/QUFESv/Zie+jeN6yJZBwYO55yP75vjRpxJZZrfxtb2zu7efuYge3h0fHKaOztvyzAWFFo05KHoukQCZwG0FFMcupEA4rscOu7kdul3nkBIFgYPahaB45NRwIaMEqUlp9GfMg8U4x7gxiCXN4tmAvyfWCnJoxTNQe6r74U09iFQlBMpe5YZKWdOhGKUwyLbjyVEhE7ICHqaBsQH6cyToxe4oBUPD0OhX6Bwov6emBNfypnv6qRP1Fj+9Zbi2itsrFLDqjNnQRQrCOhq0zDmWIV4WQH2mACq+EwTQgXTx2I6JoJQpYvKJi1YJduuWPrztVrNrpRXxCxX1y20S0VLx+5v8vVq2kcGXaIrdI0sZKM6ukNN1EIUPaJn9IrejKnxYrwbH6volpHOXKANGJ8/7vKSRg==</latexit><latexit sha1_base64="YX/1eS0jUfwTXQ2kbwFn6cRSNDQ=">AAAB9XicZVBbSwJBGJ3tanazeuxlSISeZFeT1TehB3s0yAvoIrOznzo4e2lmNhHxd/QUFESv/Zie+jeN6yJZBwYO55yP75vjRpxJZZrfxtb2zu7efuYge3h0fHKaOztvyzAWFFo05KHoukQCZwG0FFMcupEA4rscOu7kdul3nkBIFgYPahaB45NRwIaMEqUlp9GfMg8U4x7gxiCXN4tmAvyfWCnJoxTNQe6r74U09iFQlBMpe5YZKWdOhGKUwyLbjyVEhE7ICHqaBsQH6cyToxe4oBUPD0OhX6Bwov6emBNfypnv6qRP1Fj+9Zbi2itsrFLDqjNnQRQrCOhq0zDmWIV4WQH2mACq+EwTQgXTx2I6JoJQpYvKJi1YJduuWPrztVrNrpRXxCxX1y20S0VLx+5v8vVq2kcGXaIrdI0sZKM6ukNN1EIUPaJn9IrejKnxYrwbH6volpHOXKANGJ8/7vKSRg==</latexit><latexit sha1_base64="YX/1eS0jUfwTXQ2kbwFn6cRSNDQ=">AAAB9XicZVBbSwJBGJ3tanazeuxlSISeZFeT1TehB3s0yAvoIrOznzo4e2lmNhHxd/QUFESv/Zie+jeN6yJZBwYO55yP75vjRpxJZZrfxtb2zu7efuYge3h0fHKaOztvyzAWFFo05KHoukQCZwG0FFMcupEA4rscOu7kdul3nkBIFgYPahaB45NRwIaMEqUlp9GfMg8U4x7gxiCXN4tmAvyfWCnJoxTNQe6r74U09iFQlBMpe5YZKWdOhGKUwyLbjyVEhE7ICHqaBsQH6cyToxe4oBUPD0OhX6Bwov6emBNfypnv6qRP1Fj+9Zbi2itsrFLDqjNnQRQrCOhq0zDmWIV4WQH2mACq+EwTQgXTx2I6JoJQpYvKJi1YJduuWPrztVrNrpRXxCxX1y20S0VLx+5v8vVq2kcGXaIrdI0sZKM6ukNN1EIUPaJn9IrejKnxYrwbH6volpHOXKANGJ8/7vKSRg==</latexit><latexit sha1_base64="YX/1eS0jUfwTXQ2kbwFn6cRSNDQ=">AAAB9XicZVBbSwJBGJ3tanazeuxlSISeZFeT1TehB3s0yAvoIrOznzo4e2lmNhHxd/QUFESv/Zie+jeN6yJZBwYO55yP75vjRpxJZZrfxtb2zu7efuYge3h0fHKaOztvyzAWFFo05KHoukQCZwG0FFMcupEA4rscOu7kdul3nkBIFgYPahaB45NRwIaMEqUlp9GfMg8U4x7gxiCXN4tmAvyfWCnJoxTNQe6r74U09iFQlBMpe5YZKWdOhGKUwyLbjyVEhE7ICHqaBsQH6cyToxe4oBUPD0OhX6Bwov6emBNfypnv6qRP1Fj+9Zbi2itsrFLDqjNnQRQrCOhq0zDmWIV4WQH2mACq+EwTQgXTx2I6JoJQpYvKJi1YJduuWPrztVrNrpRXxCxX1y20S0VLx+5v8vVq2kcGXaIrdI0sZKM6ukNN1EIUPaJn9IrejKnxYrwbH6volpHOXKANGJ8/7vKSRg==</latexit><latexit sha1_base64="YX/1eS0jUfwTXQ2kbwFn6cRSNDQ=">AAAB9XicZVBbSwJBGJ3tanazeuxlSISeZFeT1TehB3s0yAvoIrOznzo4e2lmNhHxd/QUFESv/Zie+jeN6yJZBwYO55yP75vjRpxJZZrfxtb2zu7efuYge3h0fHKaOztvyzAWFFo05KHoukQCZwG0FFMcupEA4rscOu7kdul3nkBIFgYPahaB45NRwIaMEqUlp9GfMg8U4x7gxiCXN4tmAvyfWCnJoxTNQe6r74U09iFQlBMpe5YZKWdOhGKUwyLbjyVEhE7ICHqaBsQH6cyToxe4oBUPD0OhX6Bwov6emBNfypnv6qRP1Fj+9Zbi2itsrFLDqjNnQRQrCOhq0zDmWIV4WQH2mACq+EwTQgXTx2I6JoJQpYvKJi1YJduuWPrztVrNrpRXxCxX1y20S0VLx+5v8vVq2kcGXaIrdI0sZKM6ukNN1EIUPaJn9IrejKnxYrwbH6volpHOXKANGJ8/7vKSRg==</latexit><latexit sha1_base64="YX/1eS0jUfwTXQ2kbwFn6cRSNDQ=">AAAB9XicZVBbSwJBGJ3tanazeuxlSISeZFeT1TehB3s0yAvoIrOznzo4e2lmNhHxd/QUFESv/Zie+jeN6yJZBwYO55yP75vjRpxJZZrfxtb2zu7efuYge3h0fHKaOztvyzAWFFo05KHoukQCZwG0FFMcupEA4rscOu7kdul3nkBIFgYPahaB45NRwIaMEqUlp9GfMg8U4x7gxiCXN4tmAvyfWCnJoxTNQe6r74U09iFQlBMpe5YZKWdOhGKUwyLbjyVEhE7ICHqaBsQH6cyToxe4oBUPD0OhX6Bwov6emBNfypnv6qRP1Fj+9Zbi2itsrFLDqjNnQRQrCOhq0zDmWIV4WQH2mACq+EwTQgXTx2I6JoJQpYvKJi1YJduuWPrztVrNrpRXxCxX1y20S0VLx+5v8vVq2kcGXaIrdI0sZKM6ukNN1EIUPaJn9IrejKnxYrwbH6volpHOXKANGJ8/7vKSRg==</latexit>

L0 = L+ ↵@µJ
µ = L� 2↵mq(iq̄�

5q)� 2↵Nf
↵s
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G eG

<latexit sha1_base64="AiIAWXXBwDdD3hV6jhh1bajb9t4="></latexit><latexit sha1_base64="AiIAWXXBwDdD3hV6jhh1bajb9t4="></latexit><latexit sha1_base64="AiIAWXXBwDdD3hV6jhh1bajb9t4="></latexit><latexit sha1_base64="AiIAWXXBwDdD3hV6jhh1bajb9t4="></latexit><latexit sha1_base64="AiIAWXXBwDdD3hV6jhh1bajb9t4="></latexit><latexit sha1_base64="AiIAWXXBwDdD3hV6jhh1bajb9t4="></latexit>

*extra term in the Lag. from path integral measure (Fujikawa) 
* many inf. transformation 

Z
↵ = ✓0 ... q̄mqe

i�5✓Y (1 + i�5↵)q ! q̄mqe
i�5(✓Y +✓0)q

<latexit sha1_base64="ZBIJ9F1ZxbkKh9+nkQAvDDw6PcU="></latexit><latexit sha1_base64="ndxaUpuGzUxDti+8TO3pN/psrUg="></latexit><latexit sha1_base64="ndxaUpuGzUxDti+8TO3pN/psrUg="></latexit><latexit sha1_base64="ndxaUpuGzUxDti+8TO3pN/psrUg="></latexit><latexit sha1_base64="ndxaUpuGzUxDti+8TO3pN/psrUg="></latexit><latexit sha1_base64="RML2zcbrnm0idE9urqGfCdApaCU="></latexit>

Gell-Mann Levy trick,               from @µJ
µ

<latexit sha1_base64="bjeFSoWzmg+gEdzvgIU/hf6G7SI=">AAAB/HicZVDLSgMxFM3UV62vsS7dBEvBVZlpLdPuCm7EVQX7gM44ZNJMG5p5kGTEUuqnuBIUxK0/4sq/MTMdxOqBhMM59+beHC9mVEjD+NIKG5tb2zvF3dLe/sHhkX5c7oso4Zj0cMQiPvSQIIyGpCepZGQYc4ICj5GBN7tM/cE94YJG4a2cx8QJ0CSkPsVIKsnVy3aMuKSIuXaQwOs7dbt6xagZGeB/YuakAnJ0Xf3THkc4CUgoMUNCjEwjls4ifRczsizZiSAxwjM0ISNFQxQQ4Syy3ZewqpQx9COuTihhpv7uWKBAiHngqcoAyan466Xij1ddGyX9lrOgYZxIEuLVJD9hUEYwTQKOKSdYsrkiCHOqloV4ijjCUuVVylIw65bVNNXn2+221WysiNFo/aTQr9dMVXZzUem08jyK4BScgXNgAgt0wBXogh7A4AE8gRfwqj1qz9qb9r4qLWh5zwlYg/bxDYPalNA=</latexit><latexit sha1_base64="bjeFSoWzmg+gEdzvgIU/hf6G7SI=">AAAB/HicZVDLSgMxFM3UV62vsS7dBEvBVZlpLdPuCm7EVQX7gM44ZNJMG5p5kGTEUuqnuBIUxK0/4sq/MTMdxOqBhMM59+beHC9mVEjD+NIKG5tb2zvF3dLe/sHhkX5c7oso4Zj0cMQiPvSQIIyGpCepZGQYc4ICj5GBN7tM/cE94YJG4a2cx8QJ0CSkPsVIKsnVy3aMuKSIuXaQwOs7dbt6xagZGeB/YuakAnJ0Xf3THkc4CUgoMUNCjEwjls4ifRczsizZiSAxwjM0ISNFQxQQ4Syy3ZewqpQx9COuTihhpv7uWKBAiHngqcoAyan466Xij1ddGyX9lrOgYZxIEuLVJD9hUEYwTQKOKSdYsrkiCHOqloV4ijjCUuVVylIw65bVNNXn2+221WysiNFo/aTQr9dMVXZzUem08jyK4BScgXNgAgt0wBXogh7A4AE8gRfwqj1qz9qb9r4qLWh5zwlYg/bxDYPalNA=</latexit><latexit sha1_base64="bjeFSoWzmg+gEdzvgIU/hf6G7SI=">AAAB/HicZVDLSgMxFM3UV62vsS7dBEvBVZlpLdPuCm7EVQX7gM44ZNJMG5p5kGTEUuqnuBIUxK0/4sq/MTMdxOqBhMM59+beHC9mVEjD+NIKG5tb2zvF3dLe/sHhkX5c7oso4Zj0cMQiPvSQIIyGpCepZGQYc4ICj5GBN7tM/cE94YJG4a2cx8QJ0CSkPsVIKsnVy3aMuKSIuXaQwOs7dbt6xagZGeB/YuakAnJ0Xf3THkc4CUgoMUNCjEwjls4ifRczsizZiSAxwjM0ISNFQxQQ4Syy3ZewqpQx9COuTihhpv7uWKBAiHngqcoAyan466Xij1ddGyX9lrOgYZxIEuLVJD9hUEYwTQKOKSdYsrkiCHOqloV4ijjCUuVVylIw65bVNNXn2+221WysiNFo/aTQr9dMVXZzUem08jyK4BScgXNgAgt0wBXogh7A4AE8gRfwqj1qz9qb9r4qLWh5zwlYg/bxDYPalNA=</latexit><latexit sha1_base64="bjeFSoWzmg+gEdzvgIU/hf6G7SI=">AAAB/HicZVDLSgMxFM3UV62vsS7dBEvBVZlpLdPuCm7EVQX7gM44ZNJMG5p5kGTEUuqnuBIUxK0/4sq/MTMdxOqBhMM59+beHC9mVEjD+NIKG5tb2zvF3dLe/sHhkX5c7oso4Zj0cMQiPvSQIIyGpCepZGQYc4ICj5GBN7tM/cE94YJG4a2cx8QJ0CSkPsVIKsnVy3aMuKSIuXaQwOs7dbt6xagZGeB/YuakAnJ0Xf3THkc4CUgoMUNCjEwjls4ifRczsizZiSAxwjM0ISNFQxQQ4Syy3ZewqpQx9COuTihhpv7uWKBAiHngqcoAyan466Xij1ddGyX9lrOgYZxIEuLVJD9hUEYwTQKOKSdYsrkiCHOqloV4ijjCUuVVylIw65bVNNXn2+221WysiNFo/aTQr9dMVXZzUem08jyK4BScgXNgAgt0wBXogh7A4AE8gRfwqj1qz9qb9r4qLWh5zwlYg/bxDYPalNA=</latexit><latexit sha1_base64="bjeFSoWzmg+gEdzvgIU/hf6G7SI=">AAAB/HicZVDLSgMxFM3UV62vsS7dBEvBVZlpLdPuCm7EVQX7gM44ZNJMG5p5kGTEUuqnuBIUxK0/4sq/MTMdxOqBhMM59+beHC9mVEjD+NIKG5tb2zvF3dLe/sHhkX5c7oso4Zj0cMQiPvSQIIyGpCepZGQYc4ICj5GBN7tM/cE94YJG4a2cx8QJ0CSkPsVIKsnVy3aMuKSIuXaQwOs7dbt6xagZGeB/YuakAnJ0Xf3THkc4CUgoMUNCjEwjls4ifRczsizZiSAxwjM0ISNFQxQQ4Syy3ZewqpQx9COuTihhpv7uWKBAiHngqcoAyan466Xij1ddGyX9lrOgYZxIEuLVJD9hUEYwTQKOKSdYsrkiCHOqloV4ijjCUuVVylIw65bVNNXn2+221WysiNFo/aTQr9dMVXZzUem08jyK4BScgXNgAgt0wBXogh7A4AE8gRfwqj1qz9qb9r4qLWh5zwlYg/bxDYPalNA=</latexit><latexit sha1_base64="bjeFSoWzmg+gEdzvgIU/hf6G7SI=">AAAB/HicZVDLSgMxFM3UV62vsS7dBEvBVZlpLdPuCm7EVQX7gM44ZNJMG5p5kGTEUuqnuBIUxK0/4sq/MTMdxOqBhMM59+beHC9mVEjD+NIKG5tb2zvF3dLe/sHhkX5c7oso4Zj0cMQiPvSQIIyGpCepZGQYc4ICj5GBN7tM/cE94YJG4a2cx8QJ0CSkPsVIKsnVy3aMuKSIuXaQwOs7dbt6xagZGeB/YuakAnJ0Xf3THkc4CUgoMUNCjEwjls4ifRczsizZiSAxwjM0ISNFQxQQ4Syy3ZewqpQx9COuTihhpv7uWKBAiHngqcoAyan466Xij1ddGyX9lrOgYZxIEuLVJD9hUEYwTQKOKSdYsrkiCHOqloV4ijjCUuVVylIw65bVNNXn2+221WysiNFo/aTQr9dMVXZzUem08jyK4BScgXNgAgt0wBXogh7A4AE8gRfwqj1qz9qb9r4qLWh5zwlYg/bxDYPalNA=</latexit>

↵(x)
<latexit sha1_base64="12ssAlVWuIu8tGJJ+AmFSYKOlb8=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkSwF9nVZPVN6KVHg/wIXWR2HHVwZnaZmY1k8Vf0FBREr/2cnvo3jesiWQcuHM65l3vv8UNGlbbtbyuztb2zu5fdzx0cHh2f5E/POiqIJCZtHLBA9nykCKOCtDXVjPRCSRD3Gen6s5ul330kUtFA3Ot5SDyOJoKOKUbaSA8DxMIpKj1dDfMFu2wngP+Jk5ICSNEa5r8GowBHnAiNGVKq79ih9mIkNcWMLHKDSJEQ4RmakL6hAnGivDg5eAGLRhnBcSBNCQ0T9fdEjLhSc+6bTo70VP31luLaK26s0uO6F1MRRpoIvNo0jhjUAVy+D0dUEqzZ3BCEJTXHQjxFEmFtQsolKTgV16055vlGo+HWqitiV+vrFDqVsmPa7q4LzXqaRxZcgEtQAg5wQRPcghZoAww4eAav4M1S1ov1bn2sWjNWOnMONmB9/gDboJCE</latexit><latexit sha1_base64="12ssAlVWuIu8tGJJ+AmFSYKOlb8=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkSwF9nVZPVN6KVHg/wIXWR2HHVwZnaZmY1k8Vf0FBREr/2cnvo3jesiWQcuHM65l3vv8UNGlbbtbyuztb2zu5fdzx0cHh2f5E/POiqIJCZtHLBA9nykCKOCtDXVjPRCSRD3Gen6s5ul330kUtFA3Ot5SDyOJoKOKUbaSA8DxMIpKj1dDfMFu2wngP+Jk5ICSNEa5r8GowBHnAiNGVKq79ih9mIkNcWMLHKDSJEQ4RmakL6hAnGivDg5eAGLRhnBcSBNCQ0T9fdEjLhSc+6bTo70VP31luLaK26s0uO6F1MRRpoIvNo0jhjUAVy+D0dUEqzZ3BCEJTXHQjxFEmFtQsolKTgV16055vlGo+HWqitiV+vrFDqVsmPa7q4LzXqaRxZcgEtQAg5wQRPcghZoAww4eAav4M1S1ov1bn2sWjNWOnMONmB9/gDboJCE</latexit><latexit sha1_base64="12ssAlVWuIu8tGJJ+AmFSYKOlb8=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkSwF9nVZPVN6KVHg/wIXWR2HHVwZnaZmY1k8Vf0FBREr/2cnvo3jesiWQcuHM65l3vv8UNGlbbtbyuztb2zu5fdzx0cHh2f5E/POiqIJCZtHLBA9nykCKOCtDXVjPRCSRD3Gen6s5ul330kUtFA3Ot5SDyOJoKOKUbaSA8DxMIpKj1dDfMFu2wngP+Jk5ICSNEa5r8GowBHnAiNGVKq79ih9mIkNcWMLHKDSJEQ4RmakL6hAnGivDg5eAGLRhnBcSBNCQ0T9fdEjLhSc+6bTo70VP31luLaK26s0uO6F1MRRpoIvNo0jhjUAVy+D0dUEqzZ3BCEJTXHQjxFEmFtQsolKTgV16055vlGo+HWqitiV+vrFDqVsmPa7q4LzXqaRxZcgEtQAg5wQRPcghZoAww4eAav4M1S1ov1bn2sWjNWOnMONmB9/gDboJCE</latexit><latexit sha1_base64="12ssAlVWuIu8tGJJ+AmFSYKOlb8=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkSwF9nVZPVN6KVHg/wIXWR2HHVwZnaZmY1k8Vf0FBREr/2cnvo3jesiWQcuHM65l3vv8UNGlbbtbyuztb2zu5fdzx0cHh2f5E/POiqIJCZtHLBA9nykCKOCtDXVjPRCSRD3Gen6s5ul330kUtFA3Ot5SDyOJoKOKUbaSA8DxMIpKj1dDfMFu2wngP+Jk5ICSNEa5r8GowBHnAiNGVKq79ih9mIkNcWMLHKDSJEQ4RmakL6hAnGivDg5eAGLRhnBcSBNCQ0T9fdEjLhSc+6bTo70VP31luLaK26s0uO6F1MRRpoIvNo0jhjUAVy+D0dUEqzZ3BCEJTXHQjxFEmFtQsolKTgV16055vlGo+HWqitiV+vrFDqVsmPa7q4LzXqaRxZcgEtQAg5wQRPcghZoAww4eAav4M1S1ov1bn2sWjNWOnMONmB9/gDboJCE</latexit><latexit sha1_base64="12ssAlVWuIu8tGJJ+AmFSYKOlb8=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkSwF9nVZPVN6KVHg/wIXWR2HHVwZnaZmY1k8Vf0FBREr/2cnvo3jesiWQcuHM65l3vv8UNGlbbtbyuztb2zu5fdzx0cHh2f5E/POiqIJCZtHLBA9nykCKOCtDXVjPRCSRD3Gen6s5ul330kUtFA3Ot5SDyOJoKOKUbaSA8DxMIpKj1dDfMFu2wngP+Jk5ICSNEa5r8GowBHnAiNGVKq79ih9mIkNcWMLHKDSJEQ4RmakL6hAnGivDg5eAGLRhnBcSBNCQ0T9fdEjLhSc+6bTo70VP31luLaK26s0uO6F1MRRpoIvNo0jhjUAVy+D0dUEqzZ3BCEJTXHQjxFEmFtQsolKTgV16055vlGo+HWqitiV+vrFDqVsmPa7q4LzXqaRxZcgEtQAg5wQRPcghZoAww4eAav4M1S1ov1bn2sWjNWOnMONmB9/gDboJCE</latexit><latexit sha1_base64="12ssAlVWuIu8tGJJ+AmFSYKOlb8=">AAAB8XicZVBdSwJBFJ21L7Mvq8dehkSwF9nVZPVN6KVHg/wIXWR2HHVwZnaZmY1k8Vf0FBREr/2cnvo3jesiWQcuHM65l3vv8UNGlbbtbyuztb2zu5fdzx0cHh2f5E/POiqIJCZtHLBA9nykCKOCtDXVjPRCSRD3Gen6s5ul330kUtFA3Ot5SDyOJoKOKUbaSA8DxMIpKj1dDfMFu2wngP+Jk5ICSNEa5r8GowBHnAiNGVKq79ih9mIkNcWMLHKDSJEQ4RmakL6hAnGivDg5eAGLRhnBcSBNCQ0T9fdEjLhSc+6bTo70VP31luLaK26s0uO6F1MRRpoIvNo0jhjUAVy+D0dUEqzZ3BCEJTXHQjxFEmFtQsolKTgV16055vlGo+HWqitiV+vrFDqVsmPa7q4LzXqaRxZcgEtQAg5wQRPcghZoAww4eAav4M1S1ov1bn2sWjNWOnMONmB9/gDboJCE</latexit>

@µJ
µ =

@L0

@↵(x)
<latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="OBnuSyfyJRsY2XmuOu9Zpouqn/w=">AAAB2nicZVBNS8NAEJ3Urxqr1rOXxVLwVBIvehS8eKxgW6ENZbOZtEs3m7A7EUrpH/DiQRD/lyf/jdsPxLYPBh7vzTAzLy6UtBQEP15lb//g8Kh67J/U/NOz83qta/PSCOyIXOXmJeYWldTYIUkKXwqDPIsV9uLJw8LvvaKxMtfPNC0wyvhIy1QKTk5qD+uNoBUswXZJuCYNWGNY/x4kuSgz1CQUt7YfBgVFM25ICoVzf1BaLLiY8BH2HdU8QxvNlmfOWdMpCUtz40oTW6r/J2Y8s3aaxa4z4zS2295C/POaG6sovYtmUhcloRarTWmpGOVs8TRLpEFBauoIF0a6Y5kYc8MFuWh8F0K4/fIu6d60wqAVPgVQhUu4gmsI4Rbu4RHa0AEBCbzBhye9d+9zFVbFW6d2ARvwvn4BtGyKYg==</latexit><latexit sha1_base64="ttRTope7bqgHcPNcwDhDyskJ9vg=">AAACJnicZVDLSgMxFL1TX7W+RrdugkXUTZlxoxtBcKGIiwq2FTq13EkzNjTzIMmIZZhPcuWndFVQEL/ETFvfB5IczrnJzT1+IrjSjjO2SnPzC4tL5eXKyura+oa9udpUcSopa9BYxPLWR8UEj1hDcy3YbSIZhr5gLX9wVvitByYVj6MbPUxYJ8T7iAecojZS1z73EpSao+h6YUrI5V1xnJCKF0ik2adJMo+a/Wovz781D0XSx/3Hg5wQ0rWrTs2ZgPwn7oxUYYZ61x55vZimIYs0FahU23US3cmKt6lgecVLFUuQDvCetQ2NMGSqk00GzsmuUXokiKVZkSYT9eeNDEOlhqFvKkPUffXXK8Qvb/dXKx0cdzIeJalmEZ12ClJBdEyK+EiPS0a1GBqCVHLzWUL7aLLSJuSKScH9O/N/0jysuU7NvXagDNuwA/vgwhGcwgXUoQEUnmAEL/BqPVtj622aV8maBbcFv2C9fwCBBabv</latexit><latexit sha1_base64="ttRTope7bqgHcPNcwDhDyskJ9vg=">AAACJnicZVDLSgMxFL1TX7W+RrdugkXUTZlxoxtBcKGIiwq2FTq13EkzNjTzIMmIZZhPcuWndFVQEL/ETFvfB5IczrnJzT1+IrjSjjO2SnPzC4tL5eXKyura+oa9udpUcSopa9BYxPLWR8UEj1hDcy3YbSIZhr5gLX9wVvitByYVj6MbPUxYJ8T7iAecojZS1z73EpSao+h6YUrI5V1xnJCKF0ik2adJMo+a/Wovz781D0XSx/3Hg5wQ0rWrTs2ZgPwn7oxUYYZ61x55vZimIYs0FahU23US3cmKt6lgecVLFUuQDvCetQ2NMGSqk00GzsmuUXokiKVZkSYT9eeNDEOlhqFvKkPUffXXK8Qvb/dXKx0cdzIeJalmEZ12ClJBdEyK+EiPS0a1GBqCVHLzWUL7aLLSJuSKScH9O/N/0jysuU7NvXagDNuwA/vgwhGcwgXUoQEUnmAEL/BqPVtj622aV8maBbcFv2C9fwCBBabv</latexit><latexit sha1_base64="hD3cQ4jMiGJLNR54b5I4/TlCwtk="></latexit><latexit sha1_base64="EJKa0DFpT1svHigyuId3LBrDy/w="></latexit><latexit sha1_base64="EJKa0DFpT1svHigyuId3LBrDy/w="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit><latexit sha1_base64="J/Pv+m3r3nfLaDvf9m8gaLI55JQ="></latexit>

Jµ =
@L0

@(@↵(x))
<latexit sha1_base64="F7EVcGdFZffkjXg98MOVPw/W6do="></latexit><latexit sha1_base64="F7EVcGdFZffkjXg98MOVPw/W6do="></latexit><latexit sha1_base64="F7EVcGdFZffkjXg98MOVPw/W6do="></latexit><latexit sha1_base64="F7EVcGdFZffkjXg98MOVPw/W6do="></latexit><latexit sha1_base64="F7EVcGdFZffkjXg98MOVPw/W6do="></latexit><latexit sha1_base64="F7EVcGdFZffkjXg98MOVPw/W6do="></latexit>

local symmetry transformations help to compute properties of global symmetries 



U(1)_A anomaly

The axial anomaly does NOT allow to reabsorb ✓Y
<latexit sha1_base64="tpj2emg2Kyn18pqOr44LJSbUCtU=">AAAB8HicZVBNS8NAEN34WetX1aOXxVLwVJLWkvZW8OKxgv2QNpTNdtMu3WzC7kQooX/Ck6AgXv07nvw3bttQrD4YeLw3w8w8PxZcg21/W1vbO7t7+7mD/OHR8clp4ey8o6NEUdamkYhUzyeaCS5ZGzgI1osVI6EvWNef3i787hNTmkfyAWYx80IyljzglICRegOYMCDDx2GhaJftJfB/4mSkiDK0hoWvwSiiScgkUEG07jt2DF5KFHAq2Dw/SDSLCZ2SMesbKknItJcu753jklFGOIiUKQl4qf6eSEmo9Sz0TWdIYKL/egtx7ZU2VkFQ91Iu4wSYpKtNQSIwRHjxPR5xxSiImSGEKm6OxXRCFKFgMsovU3AqrltzzPONRsOtVVfErtbXKXQqZce03d8Um/Usjxy6RFfoGjnIRU10h1qojSgS6Bm9ojdLWS/Wu/Wxat2yspkLtAHr8weys5B5</latexit><latexit sha1_base64="tpj2emg2Kyn18pqOr44LJSbUCtU=">AAAB8HicZVBNS8NAEN34WetX1aOXxVLwVJLWkvZW8OKxgv2QNpTNdtMu3WzC7kQooX/Ck6AgXv07nvw3bttQrD4YeLw3w8w8PxZcg21/W1vbO7t7+7mD/OHR8clp4ey8o6NEUdamkYhUzyeaCS5ZGzgI1osVI6EvWNef3i787hNTmkfyAWYx80IyljzglICRegOYMCDDx2GhaJftJfB/4mSkiDK0hoWvwSiiScgkUEG07jt2DF5KFHAq2Dw/SDSLCZ2SMesbKknItJcu753jklFGOIiUKQl4qf6eSEmo9Sz0TWdIYKL/egtx7ZU2VkFQ91Iu4wSYpKtNQSIwRHjxPR5xxSiImSGEKm6OxXRCFKFgMsovU3AqrltzzPONRsOtVVfErtbXKXQqZce03d8Um/Usjxy6RFfoGjnIRU10h1qojSgS6Bm9ojdLWS/Wu/Wxat2yspkLtAHr8weys5B5</latexit><latexit sha1_base64="tpj2emg2Kyn18pqOr44LJSbUCtU=">AAAB8HicZVBNS8NAEN34WetX1aOXxVLwVJLWkvZW8OKxgv2QNpTNdtMu3WzC7kQooX/Ck6AgXv07nvw3bttQrD4YeLw3w8w8PxZcg21/W1vbO7t7+7mD/OHR8clp4ey8o6NEUdamkYhUzyeaCS5ZGzgI1osVI6EvWNef3i787hNTmkfyAWYx80IyljzglICRegOYMCDDx2GhaJftJfB/4mSkiDK0hoWvwSiiScgkUEG07jt2DF5KFHAq2Dw/SDSLCZ2SMesbKknItJcu753jklFGOIiUKQl4qf6eSEmo9Sz0TWdIYKL/egtx7ZU2VkFQ91Iu4wSYpKtNQSIwRHjxPR5xxSiImSGEKm6OxXRCFKFgMsovU3AqrltzzPONRsOtVVfErtbXKXQqZce03d8Um/Usjxy6RFfoGjnIRU10h1qojSgS6Bm9ojdLWS/Wu/Wxat2yspkLtAHr8weys5B5</latexit><latexit sha1_base64="tpj2emg2Kyn18pqOr44LJSbUCtU=">AAAB8HicZVBNS8NAEN34WetX1aOXxVLwVJLWkvZW8OKxgv2QNpTNdtMu3WzC7kQooX/Ck6AgXv07nvw3bttQrD4YeLw3w8w8PxZcg21/W1vbO7t7+7mD/OHR8clp4ey8o6NEUdamkYhUzyeaCS5ZGzgI1osVI6EvWNef3i787hNTmkfyAWYx80IyljzglICRegOYMCDDx2GhaJftJfB/4mSkiDK0hoWvwSiiScgkUEG07jt2DF5KFHAq2Dw/SDSLCZ2SMesbKknItJcu753jklFGOIiUKQl4qf6eSEmo9Sz0TWdIYKL/egtx7ZU2VkFQ91Iu4wSYpKtNQSIwRHjxPR5xxSiImSGEKm6OxXRCFKFgMsovU3AqrltzzPONRsOtVVfErtbXKXQqZce03d8Um/Usjxy6RFfoGjnIRU10h1qojSgS6Bm9ojdLWS/Wu/Wxat2yspkLtAHr8weys5B5</latexit><latexit sha1_base64="tpj2emg2Kyn18pqOr44LJSbUCtU=">AAAB8HicZVBNS8NAEN34WetX1aOXxVLwVJLWkvZW8OKxgv2QNpTNdtMu3WzC7kQooX/Ck6AgXv07nvw3bttQrD4YeLw3w8w8PxZcg21/W1vbO7t7+7mD/OHR8clp4ey8o6NEUdamkYhUzyeaCS5ZGzgI1osVI6EvWNef3i787hNTmkfyAWYx80IyljzglICRegOYMCDDx2GhaJftJfB/4mSkiDK0hoWvwSiiScgkUEG07jt2DF5KFHAq2Dw/SDSLCZ2SMesbKknItJcu753jklFGOIiUKQl4qf6eSEmo9Sz0TWdIYKL/egtx7ZU2VkFQ91Iu4wSYpKtNQSIwRHjxPR5xxSiImSGEKm6OxXRCFKFgMsovU3AqrltzzPONRsOtVVfErtbXKXQqZce03d8Um/Usjxy6RFfoGjnIRU10h1qojSgS6Bm9ojdLWS/Wu/Wxat2yspkLtAHr8weys5B5</latexit><latexit sha1_base64="tpj2emg2Kyn18pqOr44LJSbUCtU=">AAAB8HicZVBNS8NAEN34WetX1aOXxVLwVJLWkvZW8OKxgv2QNpTNdtMu3WzC7kQooX/Ck6AgXv07nvw3bttQrD4YeLw3w8w8PxZcg21/W1vbO7t7+7mD/OHR8clp4ey8o6NEUdamkYhUzyeaCS5ZGzgI1osVI6EvWNef3i787hNTmkfyAWYx80IyljzglICRegOYMCDDx2GhaJftJfB/4mSkiDK0hoWvwSiiScgkUEG07jt2DF5KFHAq2Dw/SDSLCZ2SMesbKknItJcu753jklFGOIiUKQl4qf6eSEmo9Sz0TWdIYKL/egtx7ZU2VkFQ91Iu4wSYpKtNQSIwRHjxPR5xxSiImSGEKm6OxXRCFKFgMsovU3AqrltzzPONRsOtVVfErtbXKXQqZce03d8Um/Usjxy6RFfoGjnIRU10h1qojSgS6Bm9ojdLWS/Wu/Wxat2yspkLtAHr8weys5B5</latexit>

✓QCD
<latexit sha1_base64="4Rn8PALqU9jWLlj75mosLtSYUMQ=">AAAB+nicZVDLagIxFM30ae1r2i67CRWhK5nRyuhOsIsuFeoDVCQTowYzD5I7gkz9k64KLZRu+ydd9W8ax0FqeyBwOOdc7s1xQ8EVWNa3sbO7t39wmDnKHp+cnp2bF5dtFUSSshYNRCC7LlFMcJ+1gINg3VAy4rmCddxZfeV35kwqHviPsAjZwCMTn485JaCloWn2YcqADOO+9HCzfr8cmjmrYCXA/4mdkhxK0RiaX/1RQCOP+UAFUapnWyEMYiKBU8GW2X6kWEjojExYT1OfeEwN4uTyJc5rZYTHgdTPB5yovydi4im18Fyd9AhM1V9vJW68/NYqGFcGMffDCJhP15vGkcAQ4FUPeMQloyAWmhAquT4W0ymRhIJuK5u0YBcdp2zrz1erVadcWhOrVNm00C4WbB1r3uVqlbSPDLpGN+gW2chBNfSAGqiFKJqjZ/SK3own48V4Nz7W0R0jnblCWzA+fwC/2JPM</latexit><latexit sha1_base64="4Rn8PALqU9jWLlj75mosLtSYUMQ=">AAAB+nicZVDLagIxFM30ae1r2i67CRWhK5nRyuhOsIsuFeoDVCQTowYzD5I7gkz9k64KLZRu+ydd9W8ax0FqeyBwOOdc7s1xQ8EVWNa3sbO7t39wmDnKHp+cnp2bF5dtFUSSshYNRCC7LlFMcJ+1gINg3VAy4rmCddxZfeV35kwqHviPsAjZwCMTn485JaCloWn2YcqADOO+9HCzfr8cmjmrYCXA/4mdkhxK0RiaX/1RQCOP+UAFUapnWyEMYiKBU8GW2X6kWEjojExYT1OfeEwN4uTyJc5rZYTHgdTPB5yovydi4im18Fyd9AhM1V9vJW68/NYqGFcGMffDCJhP15vGkcAQ4FUPeMQloyAWmhAquT4W0ymRhIJuK5u0YBcdp2zrz1erVadcWhOrVNm00C4WbB1r3uVqlbSPDLpGN+gW2chBNfSAGqiFKJqjZ/SK3own48V4Nz7W0R0jnblCWzA+fwC/2JPM</latexit><latexit sha1_base64="4Rn8PALqU9jWLlj75mosLtSYUMQ=">AAAB+nicZVDLagIxFM30ae1r2i67CRWhK5nRyuhOsIsuFeoDVCQTowYzD5I7gkz9k64KLZRu+ydd9W8ax0FqeyBwOOdc7s1xQ8EVWNa3sbO7t39wmDnKHp+cnp2bF5dtFUSSshYNRCC7LlFMcJ+1gINg3VAy4rmCddxZfeV35kwqHviPsAjZwCMTn485JaCloWn2YcqADOO+9HCzfr8cmjmrYCXA/4mdkhxK0RiaX/1RQCOP+UAFUapnWyEMYiKBU8GW2X6kWEjojExYT1OfeEwN4uTyJc5rZYTHgdTPB5yovydi4im18Fyd9AhM1V9vJW68/NYqGFcGMffDCJhP15vGkcAQ4FUPeMQloyAWmhAquT4W0ymRhIJuK5u0YBcdp2zrz1erVadcWhOrVNm00C4WbB1r3uVqlbSPDLpGN+gW2chBNfSAGqiFKJqjZ/SK3own48V4Nz7W0R0jnblCWzA+fwC/2JPM</latexit><latexit sha1_base64="4Rn8PALqU9jWLlj75mosLtSYUMQ=">AAAB+nicZVDLagIxFM30ae1r2i67CRWhK5nRyuhOsIsuFeoDVCQTowYzD5I7gkz9k64KLZRu+ydd9W8ax0FqeyBwOOdc7s1xQ8EVWNa3sbO7t39wmDnKHp+cnp2bF5dtFUSSshYNRCC7LlFMcJ+1gINg3VAy4rmCddxZfeV35kwqHviPsAjZwCMTn485JaCloWn2YcqADOO+9HCzfr8cmjmrYCXA/4mdkhxK0RiaX/1RQCOP+UAFUapnWyEMYiKBU8GW2X6kWEjojExYT1OfeEwN4uTyJc5rZYTHgdTPB5yovydi4im18Fyd9AhM1V9vJW68/NYqGFcGMffDCJhP15vGkcAQ4FUPeMQloyAWmhAquT4W0ymRhIJuK5u0YBcdp2zrz1erVadcWhOrVNm00C4WbB1r3uVqlbSPDLpGN+gW2chBNfSAGqiFKJqjZ/SK3own48V4Nz7W0R0jnblCWzA+fwC/2JPM</latexit><latexit sha1_base64="4Rn8PALqU9jWLlj75mosLtSYUMQ=">AAAB+nicZVDLagIxFM30ae1r2i67CRWhK5nRyuhOsIsuFeoDVCQTowYzD5I7gkz9k64KLZRu+ydd9W8ax0FqeyBwOOdc7s1xQ8EVWNa3sbO7t39wmDnKHp+cnp2bF5dtFUSSshYNRCC7LlFMcJ+1gINg3VAy4rmCddxZfeV35kwqHviPsAjZwCMTn485JaCloWn2YcqADOO+9HCzfr8cmjmrYCXA/4mdkhxK0RiaX/1RQCOP+UAFUapnWyEMYiKBU8GW2X6kWEjojExYT1OfeEwN4uTyJc5rZYTHgdTPB5yovydi4im18Fyd9AhM1V9vJW68/NYqGFcGMffDCJhP15vGkcAQ4FUPeMQloyAWmhAquT4W0ymRhIJuK5u0YBcdp2zrz1erVadcWhOrVNm00C4WbB1r3uVqlbSPDLpGN+gW2chBNfSAGqiFKJqjZ/SK3own48V4Nz7W0R0jnblCWzA+fwC/2JPM</latexit><latexit sha1_base64="4Rn8PALqU9jWLlj75mosLtSYUMQ=">AAAB+nicZVDLagIxFM30ae1r2i67CRWhK5nRyuhOsIsuFeoDVCQTowYzD5I7gkz9k64KLZRu+ydd9W8ax0FqeyBwOOdc7s1xQ8EVWNa3sbO7t39wmDnKHp+cnp2bF5dtFUSSshYNRCC7LlFMcJ+1gINg3VAy4rmCddxZfeV35kwqHviPsAjZwCMTn485JaCloWn2YcqADOO+9HCzfr8cmjmrYCXA/4mdkhxK0RiaX/1RQCOP+UAFUapnWyEMYiKBU8GW2X6kWEjojExYT1OfeEwN4uTyJc5rZYTHgdTPB5yovydi4im18Fyd9AhM1V9vJW68/NYqGFcGMffDCJhP15vGkcAQ4FUPeMQloyAWmhAquT4W0ymRhIJuK5u0YBcdp2zrz1erVadcWhOrVNm00C4WbB1r3uVqlbSPDLpGN+gW2chBNfSAGqiFKJqjZ/SK3own48V4Nz7W0R0jnblCWzA+fwC/2JPM</latexit>

from Yukawas (mass) 
from QCD vacuum

but allows to cancel one of them, leaving ✓ = ✓QCD + arg{DetMq}
<latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit><latexit sha1_base64="6wg16qgGYIexDSQpsMTpBrtwYqo="></latexit>

as the only source of P,T violation in WCD

... baring cancelations, we expect QCD to violate P, T, CP 

... but no violation ever found



Meson masses: U(1) problem 
Low energy QCD, chiPT meson lagrangian

mq ! 0
<latexit sha1_base64="QqSVfJJaIcdqYvKaFFYvUzj/ixA=">AAAB8HicZVBNS8NAEJ34WetX1aOXxVLwVJLWkvZW8OKxgv2ANpTNdtMu3U3i7kYooX/Ck6AgXv07nvw3bttQrA4MPN68YeY9P+ZMadv+tra2d3b39nMH+cOj45PTwtl5R0WJJLRNIh7Jno8V5Sykbc00p71YUix8Trv+9HYx7z5RqVgUPuhZTD2BxyELGMHaUD0xfBzoCNnDQtEu28tC/4GTgSJk1RoWvgajiCSChppwrFTfsWPtpVhqRjid5weJojEmUzymfQNDLKjy0uW/c1QyzAgFkTQdarRkf2+kWCg1E75RCqwn6u9sQa5npY1TOqh7KQvjRNOQrC4FCUfG48I9GjFJieYzAzCRzDyLyARLTLTJKL9Mwam4bs0x5huNhlurroBdra9T6FTKjpHd3xSb9SyPHFzCFVyDAy404Q5a0AYCHJ7hFd4sab1Y79bHSrplZTsXsFHW5w8jvJAb</latexit><latexit sha1_base64="QqSVfJJaIcdqYvKaFFYvUzj/ixA=">AAAB8HicZVBNS8NAEJ34WetX1aOXxVLwVJLWkvZW8OKxgv2ANpTNdtMu3U3i7kYooX/Ck6AgXv07nvw3bttQrA4MPN68YeY9P+ZMadv+tra2d3b39nMH+cOj45PTwtl5R0WJJLRNIh7Jno8V5Sykbc00p71YUix8Trv+9HYx7z5RqVgUPuhZTD2BxyELGMHaUD0xfBzoCNnDQtEu28tC/4GTgSJk1RoWvgajiCSChppwrFTfsWPtpVhqRjid5weJojEmUzymfQNDLKjy0uW/c1QyzAgFkTQdarRkf2+kWCg1E75RCqwn6u9sQa5npY1TOqh7KQvjRNOQrC4FCUfG48I9GjFJieYzAzCRzDyLyARLTLTJKL9Mwam4bs0x5huNhlurroBdra9T6FTKjpHd3xSb9SyPHFzCFVyDAy404Q5a0AYCHJ7hFd4sab1Y79bHSrplZTsXsFHW5w8jvJAb</latexit><latexit sha1_base64="QqSVfJJaIcdqYvKaFFYvUzj/ixA=">AAAB8HicZVBNS8NAEJ34WetX1aOXxVLwVJLWkvZW8OKxgv2ANpTNdtMu3U3i7kYooX/Ck6AgXv07nvw3bttQrA4MPN68YeY9P+ZMadv+tra2d3b39nMH+cOj45PTwtl5R0WJJLRNIh7Jno8V5Sykbc00p71YUix8Trv+9HYx7z5RqVgUPuhZTD2BxyELGMHaUD0xfBzoCNnDQtEu28tC/4GTgSJk1RoWvgajiCSChppwrFTfsWPtpVhqRjid5weJojEmUzymfQNDLKjy0uW/c1QyzAgFkTQdarRkf2+kWCg1E75RCqwn6u9sQa5npY1TOqh7KQvjRNOQrC4FCUfG48I9GjFJieYzAzCRzDyLyARLTLTJKL9Mwam4bs0x5huNhlurroBdra9T6FTKjpHd3xSb9SyPHFzCFVyDAy404Q5a0AYCHJ7hFd4sab1Y79bHSrplZTsXsFHW5w8jvJAb</latexit><latexit sha1_base64="QqSVfJJaIcdqYvKaFFYvUzj/ixA=">AAAB8HicZVBNS8NAEJ34WetX1aOXxVLwVJLWkvZW8OKxgv2ANpTNdtMu3U3i7kYooX/Ck6AgXv07nvw3bttQrA4MPN68YeY9P+ZMadv+tra2d3b39nMH+cOj45PTwtl5R0WJJLRNIh7Jno8V5Sykbc00p71YUix8Trv+9HYx7z5RqVgUPuhZTD2BxyELGMHaUD0xfBzoCNnDQtEu28tC/4GTgSJk1RoWvgajiCSChppwrFTfsWPtpVhqRjid5weJojEmUzymfQNDLKjy0uW/c1QyzAgFkTQdarRkf2+kWCg1E75RCqwn6u9sQa5npY1TOqh7KQvjRNOQrC4FCUfG48I9GjFJieYzAzCRzDyLyARLTLTJKL9Mwam4bs0x5huNhlurroBdra9T6FTKjpHd3xSb9SyPHFzCFVyDAy404Q5a0AYCHJ7hFd4sab1Y79bHSrplZTsXsFHW5w8jvJAb</latexit><latexit sha1_base64="QqSVfJJaIcdqYvKaFFYvUzj/ixA=">AAAB8HicZVBNS8NAEJ34WetX1aOXxVLwVJLWkvZW8OKxgv2ANpTNdtMu3U3i7kYooX/Ck6AgXv07nvw3bttQrA4MPN68YeY9P+ZMadv+tra2d3b39nMH+cOj45PTwtl5R0WJJLRNIh7Jno8V5Sykbc00p71YUix8Trv+9HYx7z5RqVgUPuhZTD2BxyELGMHaUD0xfBzoCNnDQtEu28tC/4GTgSJk1RoWvgajiCSChppwrFTfsWPtpVhqRjid5weJojEmUzymfQNDLKjy0uW/c1QyzAgFkTQdarRkf2+kWCg1E75RCqwn6u9sQa5npY1TOqh7KQvjRNOQrC4FCUfG48I9GjFJieYzAzCRzDyLyARLTLTJKL9Mwam4bs0x5huNhlurroBdra9T6FTKjpHd3xSb9SyPHFzCFVyDAy404Q5a0AYCHJ7hFd4sab1Y79bHSrplZTsXsFHW5w8jvJAb</latexit><latexit sha1_base64="QqSVfJJaIcdqYvKaFFYvUzj/ixA=">AAAB8HicZVBNS8NAEJ34WetX1aOXxVLwVJLWkvZW8OKxgv2ANpTNdtMu3U3i7kYooX/Ck6AgXv07nvw3bttQrA4MPN68YeY9P+ZMadv+tra2d3b39nMH+cOj45PTwtl5R0WJJLRNIh7Jno8V5Sykbc00p71YUix8Trv+9HYx7z5RqVgUPuhZTD2BxyELGMHaUD0xfBzoCNnDQtEu28tC/4GTgSJk1RoWvgajiCSChppwrFTfsWPtpVhqRjid5weJojEmUzymfQNDLKjy0uW/c1QyzAgFkTQdarRkf2+kWCg1E75RCqwn6u9sQa5npY1TOqh7KQvjRNOQrC4FCUfG48I9GjFJieYzAzCRzDyLyARLTLTJKL9Mwam4bs0x5huNhlurroBdra9T6FTKjpHd3xSb9SyPHFzCFVyDAy404Q5a0AYCHJ7hFd4sab1Y79bHSrplZTsXsFHW5w8jvJAb</latexit>

- In the limit                     U(2)_A are global symmetries* 
- Are spontaneously broken by quark condensate  
- Goldstone theorem predicts 4 massless Goldstone bosons in the symmetric limit.   (pions! and... ?) 
                                                       corresponding to shifts along the symmetric-flat directions  

hūui = hd̄di = �v3
<latexit sha1_base64="CX8UhM3Bp26+kHWecc8bLnmTIHk="></latexit><latexit sha1_base64="CX8UhM3Bp26+kHWecc8bLnmTIHk="></latexit><latexit sha1_base64="CX8UhM3Bp26+kHWecc8bLnmTIHk="></latexit><latexit sha1_base64="CX8UhM3Bp26+kHWecc8bLnmTIHk="></latexit><latexit sha1_base64="CX8UhM3Bp26+kHWecc8bLnmTIHk="></latexit><latexit sha1_base64="CX8UhM3Bp26+kHWecc8bLnmTIHk="></latexit>

- Explicit breaking terms give Goldstone bosons a mass (exercise?)

Consider now the redefinition, with ✓0 = ✓0(x) =
⌘0(x)

f⇡
, ~✓⇡ = ~✓⇡(x) =

~⇡(x)

f⇡
,

<latexit sha1_base64="LHqD3UwN4XGWyfCKnqXm3rgInvg="></latexit><latexit sha1_base64="LHqD3UwN4XGWyfCKnqXm3rgInvg="></latexit><latexit sha1_base64="LHqD3UwN4XGWyfCKnqXm3rgInvg="></latexit><latexit sha1_base64="LHqD3UwN4XGWyfCKnqXm3rgInvg="></latexit><latexit sha1_base64="LHqD3UwN4XGWyfCKnqXm3rgInvg="></latexit><latexit sha1_base64="LHqD3UwN4XGWyfCKnqXm3rgInvg="></latexit>

qR = e+i(✓0+~✓⇡·~�)/2q̃R ; qL = e�i(✓0+~✓⇡·~�)/2q̃L or q = ei�5(✓0+~✓⇡·~�)/2q̃
<latexit sha1_base64="2ikJdpLaf5SnUOZ110ZX2yTv4XQ="></latexit><latexit sha1_base64="2ikJdpLaf5SnUOZ110ZX2yTv4XQ="></latexit><latexit sha1_base64="2ikJdpLaf5SnUOZ110ZX2yTv4XQ="></latexit><latexit sha1_base64="2ikJdpLaf5SnUOZ110ZX2yTv4XQ="></latexit><latexit sha1_base64="2ikJdpLaf5SnUOZ110ZX2yTv4XQ="></latexit><latexit sha1_base64="2ikJdpLaf5SnUOZ110ZX2yTv4XQ="></latexit>

kinetic term 1

2
(@µU

†)(@µU) + ...
<latexit sha1_base64="oUMpaz7d8kmdFAsAt0YsDMilXGk="></latexit><latexit sha1_base64="oUMpaz7d8kmdFAsAt0YsDMilXGk="></latexit><latexit sha1_base64="oUMpaz7d8kmdFAsAt0YsDMilXGk="></latexit><latexit sha1_base64="oUMpaz7d8kmdFAsAt0YsDMilXGk="></latexit><latexit sha1_base64="oUMpaz7d8kmdFAsAt0YsDMilXGk="></latexit><latexit sha1_base64="oUMpaz7d8kmdFAsAt0YsDMilXGk="></latexit>

U = ei�5(✓0+~✓⇡·~�)
<latexit sha1_base64="BCCOQAt1ikXfxcMoeh+6Myt26j4="></latexit><latexit sha1_base64="BCCOQAt1ikXfxcMoeh+6Myt26j4="></latexit><latexit sha1_base64="BCCOQAt1ikXfxcMoeh+6Myt26j4="></latexit><latexit sha1_base64="BCCOQAt1ikXfxcMoeh+6Myt26j4="></latexit><latexit sha1_base64="BCCOQAt1ikXfxcMoeh+6Myt26j4="></latexit><latexit sha1_base64="BCCOQAt1ikXfxcMoeh+6Myt26j4="></latexit>

q̄LmqqR + h.c. ! �(mu +md)v
3 cos(

p
✓�✓+) = (mu +md)v

3 +
(mu +md)v3

2f2
⇡

⇡�⇡+...
<latexit sha1_base64="cCOM4LYELZDgp99xQSXf7qPbn2E="></latexit><latexit sha1_base64="cCOM4LYELZDgp99xQSXf7qPbn2E="></latexit><latexit sha1_base64="cCOM4LYELZDgp99xQSXf7qPbn2E="></latexit><latexit sha1_base64="cCOM4LYELZDgp99xQSXf7qPbn2E="></latexit><latexit sha1_base64="cCOM4LYELZDgp99xQSXf7qPbn2E="></latexit><latexit sha1_base64="cCOM4LYELZDgp99xQSXf7qPbn2E="></latexit>

charged sector, set ✓0, ✓3 = 0
<latexit sha1_base64="joQaLGHXF9rfdjWuG3E8zfsEaXk=">AAAB/XicZVBdSwJBFJ21L7Mvy8delkToIWRXE/UhEHrp0SA/QJdldpzVwdnZZeZuIIv0U3oKCqLXfkhP/ZtGXSTrwMDhnHO5d44XcabAsr6NzNb2zu5edj93cHh0fJI/PeuqMJaEdkjIQ9n3sKKcCdoBBpz2I0lx4HHa86a3C7/3SKVioXiAWUSdAI8F8xnBoCU3XxjChAJ2rauUVG8sN1+0ytYS5n9ip6SIUrTd/NdwFJI4oAIIx0oNbCsCJ8ESGOF0nhvGikaYTPGYDjQVOKDKSZbHz82SVkamH0r9BJhL9fdEggOlZoGnkwGGifrrLcS1V9pYBX7DSZiIYqCCrDb5MTchNBdVmCMmKQE+0wQTyfSxJplgiQnownLLFuxKvV6z9eebzWa9Vl0Rq9pYt9CtlG0du78uthppH1l0ji7QJbJRHbXQHWqjDiJohp7RK3oznowX4934WEUzRjpTQBswPn8ANfuUjA==</latexit><latexit sha1_base64="joQaLGHXF9rfdjWuG3E8zfsEaXk=">AAAB/XicZVBdSwJBFJ21L7Mvy8delkToIWRXE/UhEHrp0SA/QJdldpzVwdnZZeZuIIv0U3oKCqLXfkhP/ZtGXSTrwMDhnHO5d44XcabAsr6NzNb2zu5edj93cHh0fJI/PeuqMJaEdkjIQ9n3sKKcCdoBBpz2I0lx4HHa86a3C7/3SKVioXiAWUSdAI8F8xnBoCU3XxjChAJ2rauUVG8sN1+0ytYS5n9ip6SIUrTd/NdwFJI4oAIIx0oNbCsCJ8ESGOF0nhvGikaYTPGYDjQVOKDKSZbHz82SVkamH0r9BJhL9fdEggOlZoGnkwGGifrrLcS1V9pYBX7DSZiIYqCCrDb5MTchNBdVmCMmKQE+0wQTyfSxJplgiQnownLLFuxKvV6z9eebzWa9Vl0Rq9pYt9CtlG0du78uthppH1l0ji7QJbJRHbXQHWqjDiJohp7RK3oznowX4934WEUzRjpTQBswPn8ANfuUjA==</latexit><latexit sha1_base64="joQaLGHXF9rfdjWuG3E8zfsEaXk=">AAAB/XicZVBdSwJBFJ21L7Mvy8delkToIWRXE/UhEHrp0SA/QJdldpzVwdnZZeZuIIv0U3oKCqLXfkhP/ZtGXSTrwMDhnHO5d44XcabAsr6NzNb2zu5edj93cHh0fJI/PeuqMJaEdkjIQ9n3sKKcCdoBBpz2I0lx4HHa86a3C7/3SKVioXiAWUSdAI8F8xnBoCU3XxjChAJ2rauUVG8sN1+0ytYS5n9ip6SIUrTd/NdwFJI4oAIIx0oNbCsCJ8ESGOF0nhvGikaYTPGYDjQVOKDKSZbHz82SVkamH0r9BJhL9fdEggOlZoGnkwGGifrrLcS1V9pYBX7DSZiIYqCCrDb5MTchNBdVmCMmKQE+0wQTyfSxJplgiQnownLLFuxKvV6z9eebzWa9Vl0Rq9pYt9CtlG0du78uthppH1l0ji7QJbJRHbXQHWqjDiJohp7RK3oznowX4934WEUzRjpTQBswPn8ANfuUjA==</latexit><latexit sha1_base64="joQaLGHXF9rfdjWuG3E8zfsEaXk=">AAAB/XicZVBdSwJBFJ21L7Mvy8delkToIWRXE/UhEHrp0SA/QJdldpzVwdnZZeZuIIv0U3oKCqLXfkhP/ZtGXSTrwMDhnHO5d44XcabAsr6NzNb2zu5edj93cHh0fJI/PeuqMJaEdkjIQ9n3sKKcCdoBBpz2I0lx4HHa86a3C7/3SKVioXiAWUSdAI8F8xnBoCU3XxjChAJ2rauUVG8sN1+0ytYS5n9ip6SIUrTd/NdwFJI4oAIIx0oNbCsCJ8ESGOF0nhvGikaYTPGYDjQVOKDKSZbHz82SVkamH0r9BJhL9fdEggOlZoGnkwGGifrrLcS1V9pYBX7DSZiIYqCCrDb5MTchNBdVmCMmKQE+0wQTyfSxJplgiQnownLLFuxKvV6z9eebzWa9Vl0Rq9pYt9CtlG0du78uthppH1l0ji7QJbJRHbXQHWqjDiJohp7RK3oznowX4934WEUzRjpTQBswPn8ANfuUjA==</latexit><latexit sha1_base64="joQaLGHXF9rfdjWuG3E8zfsEaXk=">AAAB/XicZVBdSwJBFJ21L7Mvy8delkToIWRXE/UhEHrp0SA/QJdldpzVwdnZZeZuIIv0U3oKCqLXfkhP/ZtGXSTrwMDhnHO5d44XcabAsr6NzNb2zu5edj93cHh0fJI/PeuqMJaEdkjIQ9n3sKKcCdoBBpz2I0lx4HHa86a3C7/3SKVioXiAWUSdAI8F8xnBoCU3XxjChAJ2rauUVG8sN1+0ytYS5n9ip6SIUrTd/NdwFJI4oAIIx0oNbCsCJ8ESGOF0nhvGikaYTPGYDjQVOKDKSZbHz82SVkamH0r9BJhL9fdEggOlZoGnkwGGifrrLcS1V9pYBX7DSZiIYqCCrDb5MTchNBdVmCMmKQE+0wQTyfSxJplgiQnownLLFuxKvV6z9eebzWa9Vl0Rq9pYt9CtlG0du78uthppH1l0ji7QJbJRHbXQHWqjDiJohp7RK3oznowX4934WEUzRjpTQBswPn8ANfuUjA==</latexit><latexit sha1_base64="joQaLGHXF9rfdjWuG3E8zfsEaXk=">AAAB/XicZVBdSwJBFJ21L7Mvy8delkToIWRXE/UhEHrp0SA/QJdldpzVwdnZZeZuIIv0U3oKCqLXfkhP/ZtGXSTrwMDhnHO5d44XcabAsr6NzNb2zu5edj93cHh0fJI/PeuqMJaEdkjIQ9n3sKKcCdoBBpz2I0lx4HHa86a3C7/3SKVioXiAWUSdAI8F8xnBoCU3XxjChAJ2rauUVG8sN1+0ytYS5n9ip6SIUrTd/NdwFJI4oAIIx0oNbCsCJ8ESGOF0nhvGikaYTPGYDjQVOKDKSZbHz82SVkamH0r9BJhL9fdEggOlZoGnkwGGifrrLcS1V9pYBX7DSZiIYqCCrDb5MTchNBdVmCMmKQE+0wQTyfSxJplgiQnownLLFuxKvV6z9eebzWa9Vl0Rq9pYt9CtlG0du78uthppH1l0ji7QJbJRHbXQHWqjDiJohp7RK3oznowX4934WEUzRjpTQBswPn8ANfuUjA==</latexit> pion mass^2

neutral sector, set ✓± = ✓1 ± i✓2 = 0
<latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit>

q̄LmqqR + h.c. ! �muv
3 cos(✓0 + ✓3)�mdv

3 cos(✓0 � ✓3),
<latexit sha1_base64="rkYKsVrGNe0hq6MdzZeQ4i6XDRs="></latexit><latexit sha1_base64="rkYKsVrGNe0hq6MdzZeQ4i6XDRs="></latexit><latexit sha1_base64="rkYKsVrGNe0hq6MdzZeQ4i6XDRs="></latexit><latexit sha1_base64="rkYKsVrGNe0hq6MdzZeQ4i6XDRs="></latexit><latexit sha1_base64="rkYKsVrGNe0hq6MdzZeQ4i6XDRs="></latexit><latexit sha1_base64="rkYKsVrGNe0hq6MdzZeQ4i6XDRs="></latexit>

f⇡ ' f⌘ ! m2
x :: m2

⇡0
= mu :: md ⇠ 1

<latexit sha1_base64="REC1gnaCMU9T5bW2mbJWva2lK0g="></latexit><latexit sha1_base64="REC1gnaCMU9T5bW2mbJWva2lK0g="></latexit><latexit sha1_base64="REC1gnaCMU9T5bW2mbJWva2lK0g="></latexit><latexit sha1_base64="REC1gnaCMU9T5bW2mbJWva2lK0g="></latexit><latexit sha1_base64="REC1gnaCMU9T5bW2mbJWva2lK0g="></latexit><latexit sha1_base64="REC1gnaCMU9T5bW2mbJWva2lK0g="></latexit>

Weinberg U(1)_A problem:  
no 4th light meson in nature!

m2
⇡

m2
⌘0

⇠ 50
<latexit sha1_base64="62VOIJ/XM+bVGUgqRwY9IjvN30o=">AAACDnicZVDLSsNAFJ34rPVVdelmsBZdlaS1tN0V3LisYB/QxDKZTtqhM0mYmQgl5Adc+SmuBAVx696Vf+M0DcXqgYHDOedy5x43ZFQq0/w21tY3Nre2czv53b39g8PC0XFXBpHApIMDFoi+iyRh1CcdRRUj/VAQxF1Geu70eu73HoiQNPDv1CwkDkdjn3oUI6WlYeHc9gTCMb+vDGM7pEmSUaLQRZLYknJYM4eFolk2U8D/xMpIEWRoDwtf9ijAESe+wgxJObDMUDkxEopiRpK8HUkSIjxFYzLQ1EecSCdOr0lgSSsj6AVCP1/BVP09ESMu5Yy7OsmRmsi/3lxceqWVVcprODH1w0gRHy82eRGDKoDzbuCICoIVm2mCsKD6sxBPkO5H6QbzaQtWpV6vWfr4ZrNZr1UXxKw2li10K2VLx26viq1G1kcOnIIzcAksUActcAPaoAMweATP4BW8GU/Gi/FufCyia0Y2cwJWYHz+ACHYnEQ=</latexit><latexit sha1_base64="62VOIJ/XM+bVGUgqRwY9IjvN30o=">AAACDnicZVDLSsNAFJ34rPVVdelmsBZdlaS1tN0V3LisYB/QxDKZTtqhM0mYmQgl5Adc+SmuBAVx696Vf+M0DcXqgYHDOedy5x43ZFQq0/w21tY3Nre2czv53b39g8PC0XFXBpHApIMDFoi+iyRh1CcdRRUj/VAQxF1Geu70eu73HoiQNPDv1CwkDkdjn3oUI6WlYeHc9gTCMb+vDGM7pEmSUaLQRZLYknJYM4eFolk2U8D/xMpIEWRoDwtf9ijAESe+wgxJObDMUDkxEopiRpK8HUkSIjxFYzLQ1EecSCdOr0lgSSsj6AVCP1/BVP09ESMu5Yy7OsmRmsi/3lxceqWVVcprODH1w0gRHy82eRGDKoDzbuCICoIVm2mCsKD6sxBPkO5H6QbzaQtWpV6vWfr4ZrNZr1UXxKw2li10K2VLx26viq1G1kcOnIIzcAksUActcAPaoAMweATP4BW8GU/Gi/FufCyia0Y2cwJWYHz+ACHYnEQ=</latexit><latexit sha1_base64="62VOIJ/XM+bVGUgqRwY9IjvN30o=">AAACDnicZVDLSsNAFJ34rPVVdelmsBZdlaS1tN0V3LisYB/QxDKZTtqhM0mYmQgl5Adc+SmuBAVx696Vf+M0DcXqgYHDOedy5x43ZFQq0/w21tY3Nre2czv53b39g8PC0XFXBpHApIMDFoi+iyRh1CcdRRUj/VAQxF1Geu70eu73HoiQNPDv1CwkDkdjn3oUI6WlYeHc9gTCMb+vDGM7pEmSUaLQRZLYknJYM4eFolk2U8D/xMpIEWRoDwtf9ijAESe+wgxJObDMUDkxEopiRpK8HUkSIjxFYzLQ1EecSCdOr0lgSSsj6AVCP1/BVP09ESMu5Yy7OsmRmsi/3lxceqWVVcprODH1w0gRHy82eRGDKoDzbuCICoIVm2mCsKD6sxBPkO5H6QbzaQtWpV6vWfr4ZrNZr1UXxKw2li10K2VLx26viq1G1kcOnIIzcAksUActcAPaoAMweATP4BW8GU/Gi/FufCyia0Y2cwJWYHz+ACHYnEQ=</latexit><latexit sha1_base64="62VOIJ/XM+bVGUgqRwY9IjvN30o=">AAACDnicZVDLSsNAFJ34rPVVdelmsBZdlaS1tN0V3LisYB/QxDKZTtqhM0mYmQgl5Adc+SmuBAVx696Vf+M0DcXqgYHDOedy5x43ZFQq0/w21tY3Nre2czv53b39g8PC0XFXBpHApIMDFoi+iyRh1CcdRRUj/VAQxF1Geu70eu73HoiQNPDv1CwkDkdjn3oUI6WlYeHc9gTCMb+vDGM7pEmSUaLQRZLYknJYM4eFolk2U8D/xMpIEWRoDwtf9ijAESe+wgxJObDMUDkxEopiRpK8HUkSIjxFYzLQ1EecSCdOr0lgSSsj6AVCP1/BVP09ESMu5Yy7OsmRmsi/3lxceqWVVcprODH1w0gRHy82eRGDKoDzbuCICoIVm2mCsKD6sxBPkO5H6QbzaQtWpV6vWfr4ZrNZr1UXxKw2li10K2VLx26viq1G1kcOnIIzcAksUActcAPaoAMweATP4BW8GU/Gi/FufCyia0Y2cwJWYHz+ACHYnEQ=</latexit><latexit sha1_base64="62VOIJ/XM+bVGUgqRwY9IjvN30o=">AAACDnicZVDLSsNAFJ34rPVVdelmsBZdlaS1tN0V3LisYB/QxDKZTtqhM0mYmQgl5Adc+SmuBAVx696Vf+M0DcXqgYHDOedy5x43ZFQq0/w21tY3Nre2czv53b39g8PC0XFXBpHApIMDFoi+iyRh1CcdRRUj/VAQxF1Geu70eu73HoiQNPDv1CwkDkdjn3oUI6WlYeHc9gTCMb+vDGM7pEmSUaLQRZLYknJYM4eFolk2U8D/xMpIEWRoDwtf9ijAESe+wgxJObDMUDkxEopiRpK8HUkSIjxFYzLQ1EecSCdOr0lgSSsj6AVCP1/BVP09ESMu5Yy7OsmRmsi/3lxceqWVVcprODH1w0gRHy82eRGDKoDzbuCICoIVm2mCsKD6sxBPkO5H6QbzaQtWpV6vWfr4ZrNZr1UXxKw2li10K2VLx26viq1G1kcOnIIzcAksUActcAPaoAMweATP4BW8GU/Gi/FufCyia0Y2cwJWYHz+ACHYnEQ=</latexit><latexit sha1_base64="62VOIJ/XM+bVGUgqRwY9IjvN30o=">AAACDnicZVDLSsNAFJ34rPVVdelmsBZdlaS1tN0V3LisYB/QxDKZTtqhM0mYmQgl5Adc+SmuBAVx696Vf+M0DcXqgYHDOedy5x43ZFQq0/w21tY3Nre2czv53b39g8PC0XFXBpHApIMDFoi+iyRh1CcdRRUj/VAQxF1Geu70eu73HoiQNPDv1CwkDkdjn3oUI6WlYeHc9gTCMb+vDGM7pEmSUaLQRZLYknJYM4eFolk2U8D/xMpIEWRoDwtf9ijAESe+wgxJObDMUDkxEopiRpK8HUkSIjxFYzLQ1EecSCdOr0lgSSsj6AVCP1/BVP09ESMu5Yy7OsmRmsi/3lxceqWVVcprODH1w0gRHy82eRGDKoDzbuCICoIVm2mCsKD6sxBPkO5H6QbzaQtWpV6vWfr4ZrNZr1UXxKw2li10K2VLx26viq1G1kcOnIIzcAksUActcAPaoAMweATP4BW8GU/Gi/FufCyia0Y2cwJWYHz+ACHYnEQ=</latexit>



Meson masses: U(1) solution 
- U(1)_A is explicitly broken by anomaly!!! -> need a new term in the potential from GGtilde! 

neutral sector, set ✓± = ✓1 ± i✓2 = 0
<latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit>

- The new term has to satisfy the following properties: 

q̄LmqqR + h.c. ! �muv
3 cos(✓0 + ✓3)�mdv

3 cos(✓0 � ✓3)� ⇤4 cos(✓ + 2✓0)
<latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit>

depends on ✓ + 2✓0
<latexit sha1_base64="507cjIYYSqYU8tvn+RJ8PD0owSg=">AAAB+nicZVDLSsNAFJ3UV62vqEs3wVIQhJK0lrS7ghuXFWwttCFMppN26OTBzE2hxP6JK0FB3Ponrvwbp00oVi8MczjnXO69x4s5k2Ca31pha3tnd6+4Xzo4PDo+0U/PejJKBKFdEvFI9D0sKWch7QIDTvuxoDjwOH30prdL/XFGhWRR+ADzmDoBHofMZwSDolxdH8KEAr6uZb9runrZrJqrMv4DKwdllFfH1b+Go4gkAQ2BcCzlwDJjcFIsgBFOF6VhImmMyRSP6UDBEAdUOulq84VRUczI8COhXgjGiv3dkeJAynngKWeAYSL/aktyrVU2RoHfdFIWxgnQkGST/IQbEBnLHIwRE5QAnyuAiWBqWYNMsMAEVFqlVQpWzbYbljq+1WrZjXoGzHpznUKvVrWU7f6m3G7meRTRBbpEV8hCNmqjO9RBXUTQDD2jV/SmPWkv2rv2kVkLWt5zjjZK+/wBeqeToA==</latexit><latexit sha1_base64="507cjIYYSqYU8tvn+RJ8PD0owSg=">AAAB+nicZVDLSsNAFJ3UV62vqEs3wVIQhJK0lrS7ghuXFWwttCFMppN26OTBzE2hxP6JK0FB3Ponrvwbp00oVi8MczjnXO69x4s5k2Ca31pha3tnd6+4Xzo4PDo+0U/PejJKBKFdEvFI9D0sKWch7QIDTvuxoDjwOH30prdL/XFGhWRR+ADzmDoBHofMZwSDolxdH8KEAr6uZb9runrZrJqrMv4DKwdllFfH1b+Go4gkAQ2BcCzlwDJjcFIsgBFOF6VhImmMyRSP6UDBEAdUOulq84VRUczI8COhXgjGiv3dkeJAynngKWeAYSL/aktyrVU2RoHfdFIWxgnQkGST/IQbEBnLHIwRE5QAnyuAiWBqWYNMsMAEVFqlVQpWzbYbljq+1WrZjXoGzHpznUKvVrWU7f6m3G7meRTRBbpEV8hCNmqjO9RBXUTQDD2jV/SmPWkv2rv2kVkLWt5zjjZK+/wBeqeToA==</latexit><latexit sha1_base64="507cjIYYSqYU8tvn+RJ8PD0owSg=">AAAB+nicZVDLSsNAFJ3UV62vqEs3wVIQhJK0lrS7ghuXFWwttCFMppN26OTBzE2hxP6JK0FB3Ponrvwbp00oVi8MczjnXO69x4s5k2Ca31pha3tnd6+4Xzo4PDo+0U/PejJKBKFdEvFI9D0sKWch7QIDTvuxoDjwOH30prdL/XFGhWRR+ADzmDoBHofMZwSDolxdH8KEAr6uZb9runrZrJqrMv4DKwdllFfH1b+Go4gkAQ2BcCzlwDJjcFIsgBFOF6VhImmMyRSP6UDBEAdUOulq84VRUczI8COhXgjGiv3dkeJAynngKWeAYSL/aktyrVU2RoHfdFIWxgnQkGST/IQbEBnLHIwRE5QAnyuAiWBqWYNMsMAEVFqlVQpWzbYbljq+1WrZjXoGzHpznUKvVrWU7f6m3G7meRTRBbpEV8hCNmqjO9RBXUTQDD2jV/SmPWkv2rv2kVkLWt5zjjZK+/wBeqeToA==</latexit><latexit sha1_base64="507cjIYYSqYU8tvn+RJ8PD0owSg=">AAAB+nicZVDLSsNAFJ3UV62vqEs3wVIQhJK0lrS7ghuXFWwttCFMppN26OTBzE2hxP6JK0FB3Ponrvwbp00oVi8MczjnXO69x4s5k2Ca31pha3tnd6+4Xzo4PDo+0U/PejJKBKFdEvFI9D0sKWch7QIDTvuxoDjwOH30prdL/XFGhWRR+ADzmDoBHofMZwSDolxdH8KEAr6uZb9runrZrJqrMv4DKwdllFfH1b+Go4gkAQ2BcCzlwDJjcFIsgBFOF6VhImmMyRSP6UDBEAdUOulq84VRUczI8COhXgjGiv3dkeJAynngKWeAYSL/aktyrVU2RoHfdFIWxgnQkGST/IQbEBnLHIwRE5QAnyuAiWBqWYNMsMAEVFqlVQpWzbYbljq+1WrZjXoGzHpznUKvVrWU7f6m3G7meRTRBbpEV8hCNmqjO9RBXUTQDD2jV/SmPWkv2rv2kVkLWt5zjjZK+/wBeqeToA==</latexit><latexit sha1_base64="507cjIYYSqYU8tvn+RJ8PD0owSg=">AAAB+nicZVDLSsNAFJ3UV62vqEs3wVIQhJK0lrS7ghuXFWwttCFMppN26OTBzE2hxP6JK0FB3Ponrvwbp00oVi8MczjnXO69x4s5k2Ca31pha3tnd6+4Xzo4PDo+0U/PejJKBKFdEvFI9D0sKWch7QIDTvuxoDjwOH30prdL/XFGhWRR+ADzmDoBHofMZwSDolxdH8KEAr6uZb9runrZrJqrMv4DKwdllFfH1b+Go4gkAQ2BcCzlwDJjcFIsgBFOF6VhImmMyRSP6UDBEAdUOulq84VRUczI8COhXgjGiv3dkeJAynngKWeAYSL/aktyrVU2RoHfdFIWxgnQkGST/IQbEBnLHIwRE5QAnyuAiWBqWYNMsMAEVFqlVQpWzbYbljq+1WrZjXoGzHpznUKvVrWU7f6m3G7meRTRBbpEV8hCNmqjO9RBXUTQDD2jV/SmPWkv2rv2kVkLWt5zjjZK+/wBeqeToA==</latexit><latexit sha1_base64="507cjIYYSqYU8tvn+RJ8PD0owSg=">AAAB+nicZVDLSsNAFJ3UV62vqEs3wVIQhJK0lrS7ghuXFWwttCFMppN26OTBzE2hxP6JK0FB3Ponrvwbp00oVi8MczjnXO69x4s5k2Ca31pha3tnd6+4Xzo4PDo+0U/PejJKBKFdEvFI9D0sKWch7QIDTvuxoDjwOH30prdL/XFGhWRR+ADzmDoBHofMZwSDolxdH8KEAr6uZb9runrZrJqrMv4DKwdllFfH1b+Go4gkAQ2BcCzlwDJjcFIsgBFOF6VhImmMyRSP6UDBEAdUOulq84VRUczI8COhXgjGiv3dkeJAynngKWeAYSL/aktyrVU2RoHfdFIWxgnQkGST/IQbEBnLHIwRE5QAnyuAiWBqWYNMsMAEVFqlVQpWzbYbljq+1WrZjXoGzHpznUKvVrWU7f6m3G7meRTRBbpEV8hCNmqjO9RBXUTQDD2jV/SmPWkv2rv2kVkLWt5zjjZK+/wBeqeToA==</latexit>

because a global U(1)_A transformation is now a shift of the field       and must shift ✓0
<latexit sha1_base64="9JOQ+HF5k1QbTq2abaAR4v64thw=">AAAB8HicZVBNa8JAEN3YL2u/bHvsZakIPUmilehN6KVHC/UDNMhm3ejiZhN2JwUJ/omeCi2UXvt3euq/6apBavtg4PHeDDPz/FhwDbb9beV2dvf2D/KHhaPjk9Oz4vlFV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/u1v6vSemNI/kI8xj5oVkInnAKQEj9YcwZUBG9qhYsiv2Cvg/cTJSQhnao+LXcBzRJGQSqCBaDxw7Bi8lCjgVbFEYJprFhM7IhA0MlSRk2ktX9y5w2ShjHETKlAS8Un9PpCTUeh76pjMkMNV/vaW48cpbqyBoeCmXcQJM0vWmIBEYIrz8Ho+5YhTE3BBCFTfHYjolilAwGRVWKThV16075vlms+nWa2ti1xqbFLrVimPaHm5LrUaWRx5doWt0gxzkoha6R23UQRQJ9Ixe0ZulrBfr3fpYt+asbOYSbcH6/AF0ZpBQ</latexit><latexit sha1_base64="9JOQ+HF5k1QbTq2abaAR4v64thw=">AAAB8HicZVBNa8JAEN3YL2u/bHvsZakIPUmilehN6KVHC/UDNMhm3ejiZhN2JwUJ/omeCi2UXvt3euq/6apBavtg4PHeDDPz/FhwDbb9beV2dvf2D/KHhaPjk9Oz4vlFV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/u1v6vSemNI/kI8xj5oVkInnAKQEj9YcwZUBG9qhYsiv2Cvg/cTJSQhnao+LXcBzRJGQSqCBaDxw7Bi8lCjgVbFEYJprFhM7IhA0MlSRk2ktX9y5w2ShjHETKlAS8Un9PpCTUeh76pjMkMNV/vaW48cpbqyBoeCmXcQJM0vWmIBEYIrz8Ho+5YhTE3BBCFTfHYjolilAwGRVWKThV16075vlms+nWa2ti1xqbFLrVimPaHm5LrUaWRx5doWt0gxzkoha6R23UQRQJ9Ixe0ZulrBfr3fpYt+asbOYSbcH6/AF0ZpBQ</latexit><latexit sha1_base64="9JOQ+HF5k1QbTq2abaAR4v64thw=">AAAB8HicZVBNa8JAEN3YL2u/bHvsZakIPUmilehN6KVHC/UDNMhm3ejiZhN2JwUJ/omeCi2UXvt3euq/6apBavtg4PHeDDPz/FhwDbb9beV2dvf2D/KHhaPjk9Oz4vlFV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/u1v6vSemNI/kI8xj5oVkInnAKQEj9YcwZUBG9qhYsiv2Cvg/cTJSQhnao+LXcBzRJGQSqCBaDxw7Bi8lCjgVbFEYJprFhM7IhA0MlSRk2ktX9y5w2ShjHETKlAS8Un9PpCTUeh76pjMkMNV/vaW48cpbqyBoeCmXcQJM0vWmIBEYIrz8Ho+5YhTE3BBCFTfHYjolilAwGRVWKThV16075vlms+nWa2ti1xqbFLrVimPaHm5LrUaWRx5doWt0gxzkoha6R23UQRQJ9Ixe0ZulrBfr3fpYt+asbOYSbcH6/AF0ZpBQ</latexit><latexit sha1_base64="9JOQ+HF5k1QbTq2abaAR4v64thw=">AAAB8HicZVBNa8JAEN3YL2u/bHvsZakIPUmilehN6KVHC/UDNMhm3ejiZhN2JwUJ/omeCi2UXvt3euq/6apBavtg4PHeDDPz/FhwDbb9beV2dvf2D/KHhaPjk9Oz4vlFV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/u1v6vSemNI/kI8xj5oVkInnAKQEj9YcwZUBG9qhYsiv2Cvg/cTJSQhnao+LXcBzRJGQSqCBaDxw7Bi8lCjgVbFEYJprFhM7IhA0MlSRk2ktX9y5w2ShjHETKlAS8Un9PpCTUeh76pjMkMNV/vaW48cpbqyBoeCmXcQJM0vWmIBEYIrz8Ho+5YhTE3BBCFTfHYjolilAwGRVWKThV16075vlms+nWa2ti1xqbFLrVimPaHm5LrUaWRx5doWt0gxzkoha6R23UQRQJ9Ixe0ZulrBfr3fpYt+asbOYSbcH6/AF0ZpBQ</latexit><latexit sha1_base64="9JOQ+HF5k1QbTq2abaAR4v64thw=">AAAB8HicZVBNa8JAEN3YL2u/bHvsZakIPUmilehN6KVHC/UDNMhm3ejiZhN2JwUJ/omeCi2UXvt3euq/6apBavtg4PHeDDPz/FhwDbb9beV2dvf2D/KHhaPjk9Oz4vlFV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/u1v6vSemNI/kI8xj5oVkInnAKQEj9YcwZUBG9qhYsiv2Cvg/cTJSQhnao+LXcBzRJGQSqCBaDxw7Bi8lCjgVbFEYJprFhM7IhA0MlSRk2ktX9y5w2ShjHETKlAS8Un9PpCTUeh76pjMkMNV/vaW48cpbqyBoeCmXcQJM0vWmIBEYIrz8Ho+5YhTE3BBCFTfHYjolilAwGRVWKThV16075vlms+nWa2ti1xqbFLrVimPaHm5LrUaWRx5doWt0gxzkoha6R23UQRQJ9Ixe0ZulrBfr3fpYt+asbOYSbcH6/AF0ZpBQ</latexit><latexit sha1_base64="9JOQ+HF5k1QbTq2abaAR4v64thw=">AAAB8HicZVBNa8JAEN3YL2u/bHvsZakIPUmilehN6KVHC/UDNMhm3ejiZhN2JwUJ/omeCi2UXvt3euq/6apBavtg4PHeDDPz/FhwDbb9beV2dvf2D/KHhaPjk9Oz4vlFV0eJoqxDIxGpvk80E1yyDnAQrB8rRkJfsJ4/u1v6vSemNI/kI8xj5oVkInnAKQEj9YcwZUBG9qhYsiv2Cvg/cTJSQhnao+LXcBzRJGQSqCBaDxw7Bi8lCjgVbFEYJprFhM7IhA0MlSRk2ktX9y5w2ShjHETKlAS8Un9PpCTUeh76pjMkMNV/vaW48cpbqyBoeCmXcQJM0vWmIBEYIrz8Ho+5YhTE3BBCFTfHYjolilAwGRVWKThV16075vlms+nWa2ti1xqbFLrVimPaHm5LrUaWRx5doWt0gxzkoha6R23UQRQJ9Ixe0ZulrBfr3fpYt+asbOYSbcH6/AF0ZpBQ</latexit>

It is periodic ✓ ! ✓ + 2⇡
<latexit sha1_base64="TVobit+av6tnX6qKk91Qzt/vJNo=">AAAB/3icZVDLSsNAFJ3UV62vqLhyEywFQShJa0m7K7hxWcE+oAllMp22QycPZm6EErrwU1wJCuLW73Dl3zhNglg9cOFwzr3ce48XcSbBNL+0wsbm1vZOcbe0t39weKQfn/RkGAtCuyTkoRh4WFLOAtoFBpwOIkGx73Ha9+Y3K7//QIVkYXAPi4i6Pp4GbMIIBiWN9DMHZhSwA6GRsauaE7GRXjarZgrjP7FyUkY5OiP90xmHJPZpAIRjKYeWGYGbYAGMcLosObGkESZzPKVDRQPsU+km6flLo6KUsTEJhaoAjFT9PZFgX8qF76lOH8NM/vVW4o9XWVsFk6absCCKgQYk2zSJuaG+XYVhjJmgBPhCEUwEU8caZIYFJqAiK6UpWDXbbljq+VarZTfqGTHrzZ8UerWqpdrursvtZp5HEZ2jC3SJLGSjNrpFHdRFBCXoCb2gV+1Re9betPestaDlM6doDdrHN2pCldc=</latexit><latexit sha1_base64="TVobit+av6tnX6qKk91Qzt/vJNo=">AAAB/3icZVDLSsNAFJ3UV62vqLhyEywFQShJa0m7K7hxWcE+oAllMp22QycPZm6EErrwU1wJCuLW73Dl3zhNglg9cOFwzr3ce48XcSbBNL+0wsbm1vZOcbe0t39weKQfn/RkGAtCuyTkoRh4WFLOAtoFBpwOIkGx73Ha9+Y3K7//QIVkYXAPi4i6Pp4GbMIIBiWN9DMHZhSwA6GRsauaE7GRXjarZgrjP7FyUkY5OiP90xmHJPZpAIRjKYeWGYGbYAGMcLosObGkESZzPKVDRQPsU+km6flLo6KUsTEJhaoAjFT9PZFgX8qF76lOH8NM/vVW4o9XWVsFk6absCCKgQYk2zSJuaG+XYVhjJmgBPhCEUwEU8caZIYFJqAiK6UpWDXbbljq+VarZTfqGTHrzZ8UerWqpdrursvtZp5HEZ2jC3SJLGSjNrpFHdRFBCXoCb2gV+1Re9betPestaDlM6doDdrHN2pCldc=</latexit><latexit sha1_base64="TVobit+av6tnX6qKk91Qzt/vJNo=">AAAB/3icZVDLSsNAFJ3UV62vqLhyEywFQShJa0m7K7hxWcE+oAllMp22QycPZm6EErrwU1wJCuLW73Dl3zhNglg9cOFwzr3ce48XcSbBNL+0wsbm1vZOcbe0t39weKQfn/RkGAtCuyTkoRh4WFLOAtoFBpwOIkGx73Ha9+Y3K7//QIVkYXAPi4i6Pp4GbMIIBiWN9DMHZhSwA6GRsauaE7GRXjarZgrjP7FyUkY5OiP90xmHJPZpAIRjKYeWGYGbYAGMcLosObGkESZzPKVDRQPsU+km6flLo6KUsTEJhaoAjFT9PZFgX8qF76lOH8NM/vVW4o9XWVsFk6absCCKgQYk2zSJuaG+XYVhjJmgBPhCEUwEU8caZIYFJqAiK6UpWDXbbljq+VarZTfqGTHrzZ8UerWqpdrursvtZp5HEZ2jC3SJLGSjNrpFHdRFBCXoCb2gV+1Re9betPestaDlM6doDdrHN2pCldc=</latexit><latexit sha1_base64="TVobit+av6tnX6qKk91Qzt/vJNo=">AAAB/3icZVDLSsNAFJ3UV62vqLhyEywFQShJa0m7K7hxWcE+oAllMp22QycPZm6EErrwU1wJCuLW73Dl3zhNglg9cOFwzr3ce48XcSbBNL+0wsbm1vZOcbe0t39weKQfn/RkGAtCuyTkoRh4WFLOAtoFBpwOIkGx73Ha9+Y3K7//QIVkYXAPi4i6Pp4GbMIIBiWN9DMHZhSwA6GRsauaE7GRXjarZgrjP7FyUkY5OiP90xmHJPZpAIRjKYeWGYGbYAGMcLosObGkESZzPKVDRQPsU+km6flLo6KUsTEJhaoAjFT9PZFgX8qF76lOH8NM/vVW4o9XWVsFk6absCCKgQYk2zSJuaG+XYVhjJmgBPhCEUwEU8caZIYFJqAiK6UpWDXbbljq+VarZTfqGTHrzZ8UerWqpdrursvtZp5HEZ2jC3SJLGSjNrpFHdRFBCXoCb2gV+1Re9betPestaDlM6doDdrHN2pCldc=</latexit><latexit sha1_base64="TVobit+av6tnX6qKk91Qzt/vJNo=">AAAB/3icZVDLSsNAFJ3UV62vqLhyEywFQShJa0m7K7hxWcE+oAllMp22QycPZm6EErrwU1wJCuLW73Dl3zhNglg9cOFwzr3ce48XcSbBNL+0wsbm1vZOcbe0t39weKQfn/RkGAtCuyTkoRh4WFLOAtoFBpwOIkGx73Ha9+Y3K7//QIVkYXAPi4i6Pp4GbMIIBiWN9DMHZhSwA6GRsauaE7GRXjarZgrjP7FyUkY5OiP90xmHJPZpAIRjKYeWGYGbYAGMcLosObGkESZzPKVDRQPsU+km6flLo6KUsTEJhaoAjFT9PZFgX8qF76lOH8NM/vVW4o9XWVsFk6absCCKgQYk2zSJuaG+XYVhjJmgBPhCEUwEU8caZIYFJqAiK6UpWDXbbljq+VarZTfqGTHrzZ8UerWqpdrursvtZp5HEZ2jC3SJLGSjNrpFHdRFBCXoCb2gV+1Re9betPestaDlM6doDdrHN2pCldc=</latexit><latexit sha1_base64="TVobit+av6tnX6qKk91Qzt/vJNo=">AAAB/3icZVDLSsNAFJ3UV62vqLhyEywFQShJa0m7K7hxWcE+oAllMp22QycPZm6EErrwU1wJCuLW73Dl3zhNglg9cOFwzr3ce48XcSbBNL+0wsbm1vZOcbe0t39weKQfn/RkGAtCuyTkoRh4WFLOAtoFBpwOIkGx73Ha9+Y3K7//QIVkYXAPi4i6Pp4GbMIIBiWN9DMHZhSwA6GRsauaE7GRXjarZgrjP7FyUkY5OiP90xmHJPZpAIRjKYeWGYGbYAGMcLosObGkESZzPKVDRQPsU+km6flLo6KUsTEJhaoAjFT9PZFgX8qF76lOH8NM/vVW4o9XWVsFk6absCCKgQYk2zSJuaG+XYVhjJmgBPhCEUwEU8caZIYFJqAiK6UpWDXbbljq+VarZTfqGTHrzZ8UerWqpdrursvtZp5HEZ2jC3SJLGSjNrpFHdRFBCXoCb2gV+1Re9betPestaDlM6doDdrHN2pCldc=</latexit>

✓
<latexit sha1_base64="OSTvDnXb9OaHzSvyBqjPKyBNHZo=">AAAB7nicZVBNS8NAEN3Ur1q/qh69LJaCp5JUS9pbwYvHCvYD2lA22027drMJuxOhhP4HT4KCePX/ePLfuG1Dsfpg4PHeDDPz/FhwDbb9beW2tnd29/L7hYPDo+OT4ulZR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vV343SemNI/kA8xi5oVkLHnAKQEjdQYwYUCGxZJdsZfA/4mTkRLK0BoWvwajiCYhk0AF0brv2DF4KVHAqWDzwiDRLCZ0Ssasb6gkIdNeurx2jstGGeEgUqYk4KX6eyIlodaz0DedIYGJ/ustxLVX3lgFQd1LuYwTYJKuNgWJwBDhxe94xBWjIGaGEKq4ORbTCVGEgkmosEzBqbpuzTHPNxoNt3a9IvZ1fZ1Cp1pxTNv9TalZz/LIowt0ia6Qg1zURHeohdqIokf0jF7RmxVbL9a79bFqzVnZzDnagPX5A0vpj60=</latexit><latexit sha1_base64="OSTvDnXb9OaHzSvyBqjPKyBNHZo=">AAAB7nicZVBNS8NAEN3Ur1q/qh69LJaCp5JUS9pbwYvHCvYD2lA22027drMJuxOhhP4HT4KCePX/ePLfuG1Dsfpg4PHeDDPz/FhwDbb9beW2tnd29/L7hYPDo+OT4ulZR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vV343SemNI/kA8xi5oVkLHnAKQEjdQYwYUCGxZJdsZfA/4mTkRLK0BoWvwajiCYhk0AF0brv2DF4KVHAqWDzwiDRLCZ0Ssasb6gkIdNeurx2jstGGeEgUqYk4KX6eyIlodaz0DedIYGJ/ustxLVX3lgFQd1LuYwTYJKuNgWJwBDhxe94xBWjIGaGEKq4ORbTCVGEgkmosEzBqbpuzTHPNxoNt3a9IvZ1fZ1Cp1pxTNv9TalZz/LIowt0ia6Qg1zURHeohdqIokf0jF7RmxVbL9a79bFqzVnZzDnagPX5A0vpj60=</latexit><latexit sha1_base64="OSTvDnXb9OaHzSvyBqjPKyBNHZo=">AAAB7nicZVBNS8NAEN3Ur1q/qh69LJaCp5JUS9pbwYvHCvYD2lA22027drMJuxOhhP4HT4KCePX/ePLfuG1Dsfpg4PHeDDPz/FhwDbb9beW2tnd29/L7hYPDo+OT4ulZR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vV343SemNI/kA8xi5oVkLHnAKQEjdQYwYUCGxZJdsZfA/4mTkRLK0BoWvwajiCYhk0AF0brv2DF4KVHAqWDzwiDRLCZ0Ssasb6gkIdNeurx2jstGGeEgUqYk4KX6eyIlodaz0DedIYGJ/ustxLVX3lgFQd1LuYwTYJKuNgWJwBDhxe94xBWjIGaGEKq4ORbTCVGEgkmosEzBqbpuzTHPNxoNt3a9IvZ1fZ1Cp1pxTNv9TalZz/LIowt0ia6Qg1zURHeohdqIokf0jF7RmxVbL9a79bFqzVnZzDnagPX5A0vpj60=</latexit><latexit sha1_base64="OSTvDnXb9OaHzSvyBqjPKyBNHZo=">AAAB7nicZVBNS8NAEN3Ur1q/qh69LJaCp5JUS9pbwYvHCvYD2lA22027drMJuxOhhP4HT4KCePX/ePLfuG1Dsfpg4PHeDDPz/FhwDbb9beW2tnd29/L7hYPDo+OT4ulZR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vV343SemNI/kA8xi5oVkLHnAKQEjdQYwYUCGxZJdsZfA/4mTkRLK0BoWvwajiCYhk0AF0brv2DF4KVHAqWDzwiDRLCZ0Ssasb6gkIdNeurx2jstGGeEgUqYk4KX6eyIlodaz0DedIYGJ/ustxLVX3lgFQd1LuYwTYJKuNgWJwBDhxe94xBWjIGaGEKq4ORbTCVGEgkmosEzBqbpuzTHPNxoNt3a9IvZ1fZ1Cp1pxTNv9TalZz/LIowt0ia6Qg1zURHeohdqIokf0jF7RmxVbL9a79bFqzVnZzDnagPX5A0vpj60=</latexit><latexit sha1_base64="OSTvDnXb9OaHzSvyBqjPKyBNHZo=">AAAB7nicZVBNS8NAEN3Ur1q/qh69LJaCp5JUS9pbwYvHCvYD2lA22027drMJuxOhhP4HT4KCePX/ePLfuG1Dsfpg4PHeDDPz/FhwDbb9beW2tnd29/L7hYPDo+OT4ulZR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vV343SemNI/kA8xi5oVkLHnAKQEjdQYwYUCGxZJdsZfA/4mTkRLK0BoWvwajiCYhk0AF0brv2DF4KVHAqWDzwiDRLCZ0Ssasb6gkIdNeurx2jstGGeEgUqYk4KX6eyIlodaz0DedIYGJ/ustxLVX3lgFQd1LuYwTYJKuNgWJwBDhxe94xBWjIGaGEKq4ORbTCVGEgkmosEzBqbpuzTHPNxoNt3a9IvZ1fZ1Cp1pxTNv9TalZz/LIowt0ia6Qg1zURHeohdqIokf0jF7RmxVbL9a79bFqzVnZzDnagPX5A0vpj60=</latexit><latexit sha1_base64="OSTvDnXb9OaHzSvyBqjPKyBNHZo=">AAAB7nicZVBNS8NAEN3Ur1q/qh69LJaCp5JUS9pbwYvHCvYD2lA22027drMJuxOhhP4HT4KCePX/ePLfuG1Dsfpg4PHeDDPz/FhwDbb9beW2tnd29/L7hYPDo+OT4ulZR0eJoqxNIxGpnk80E1yyNnAQrBcrRkJfsK4/vV343SemNI/kA8xi5oVkLHnAKQEjdQYwYUCGxZJdsZfA/4mTkRLK0BoWvwajiCYhk0AF0brv2DF4KVHAqWDzwiDRLCZ0Ssasb6gkIdNeurx2jstGGeEgUqYk4KX6eyIlodaz0DedIYGJ/ustxLVX3lgFQd1LuYwTYJKuNgWJwBDhxe94xBWjIGaGEKq4ORbTCVGEgkmosEzBqbpuzTHPNxoNt3a9IvZ1fZ1Cp1pxTNv9TalZz/LIowt0ia6Qg1zURHeohdqIokf0jF7RmxVbL9a79bFqzVnZzDnagPX5A0vpj60=</latexit>
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<latexit sha1_base64="9ggsps+iKfS1diu5XxdEccLIRXU="></latexit><latexit sha1_base64="9ggsps+iKfS1diu5XxdEccLIRXU="></latexit><latexit sha1_base64="9ggsps+iKfS1diu5XxdEccLIRXU="></latexit><latexit sha1_base64="9ggsps+iKfS1diu5XxdEccLIRXU="></latexit><latexit sha1_base64="9ggsps+iKfS1diu5XxdEccLIRXU="></latexit><latexit sha1_base64="9ggsps+iKfS1diu5XxdEccLIRXU="></latexit>

Euclidean path integral ... t ! �it
<latexit sha1_base64="YZ3fDtBY67N+NlCQRumQY+WEo2g=">AAAB8XicZVDLSgNBEJyNrxhfUY9eBkPAi2E3MWxyC3jxGME8JFnC7GQ2GTL7YKZXCEu+wpOgIF79HE/+jZPNEow2NBTV1XRXuZHgCkzz28htbe/s7uX3CweHR8cnxdOzrgpjSVmHhiKUfZcoJnjAOsBBsH4kGfFdwXru7HY57z0xqXgYPMA8Yo5PJgH3OCWgqUcYQoivOYZRsWRWzLTwf2BloISyao+KX8NxSGOfBUAFUWpgmRE4CZHAqWCLwjBWLCJ0RiZsoGFAfKacJH14gcuaGWMvlLoDwCn7eyMhvlJz39VKn8BU/Z0tyfWsvHEKvIaT8CCKgQV0dcmLBdY2l/bxmEtGQcw1IFRy/SymUyIJBR1SIU3Bqtp23dLmm82mXa+tgFlrrFPoViuWlt3flFqNLI88ukCX6ApZyEYtdIfaqIMo8tEzekVvhjJejHfjYyXNGdnOOdoo4/MHlPCQVg==</latexit><latexit sha1_base64="YZ3fDtBY67N+NlCQRumQY+WEo2g=">AAAB8XicZVDLSgNBEJyNrxhfUY9eBkPAi2E3MWxyC3jxGME8JFnC7GQ2GTL7YKZXCEu+wpOgIF79HE/+jZPNEow2NBTV1XRXuZHgCkzz28htbe/s7uX3CweHR8cnxdOzrgpjSVmHhiKUfZcoJnjAOsBBsH4kGfFdwXru7HY57z0xqXgYPMA8Yo5PJgH3OCWgqUcYQoivOYZRsWRWzLTwf2BloISyao+KX8NxSGOfBUAFUWpgmRE4CZHAqWCLwjBWLCJ0RiZsoGFAfKacJH14gcuaGWMvlLoDwCn7eyMhvlJz39VKn8BU/Z0tyfWsvHEKvIaT8CCKgQV0dcmLBdY2l/bxmEtGQcw1IFRy/SymUyIJBR1SIU3Bqtp23dLmm82mXa+tgFlrrFPoViuWlt3flFqNLI88ukCX6ApZyEYtdIfaqIMo8tEzekVvhjJejHfjYyXNGdnOOdoo4/MHlPCQVg==</latexit><latexit sha1_base64="YZ3fDtBY67N+NlCQRumQY+WEo2g=">AAAB8XicZVDLSgNBEJyNrxhfUY9eBkPAi2E3MWxyC3jxGME8JFnC7GQ2GTL7YKZXCEu+wpOgIF79HE/+jZPNEow2NBTV1XRXuZHgCkzz28htbe/s7uX3CweHR8cnxdOzrgpjSVmHhiKUfZcoJnjAOsBBsH4kGfFdwXru7HY57z0xqXgYPMA8Yo5PJgH3OCWgqUcYQoivOYZRsWRWzLTwf2BloISyao+KX8NxSGOfBUAFUWpgmRE4CZHAqWCLwjBWLCJ0RiZsoGFAfKacJH14gcuaGWMvlLoDwCn7eyMhvlJz39VKn8BU/Z0tyfWsvHEKvIaT8CCKgQV0dcmLBdY2l/bxmEtGQcw1IFRy/SymUyIJBR1SIU3Bqtp23dLmm82mXa+tgFlrrFPoViuWlt3flFqNLI88ukCX6ApZyEYtdIfaqIMo8tEzekVvhjJejHfjYyXNGdnOOdoo4/MHlPCQVg==</latexit><latexit sha1_base64="YZ3fDtBY67N+NlCQRumQY+WEo2g=">AAAB8XicZVDLSgNBEJyNrxhfUY9eBkPAi2E3MWxyC3jxGME8JFnC7GQ2GTL7YKZXCEu+wpOgIF79HE/+jZPNEow2NBTV1XRXuZHgCkzz28htbe/s7uX3CweHR8cnxdOzrgpjSVmHhiKUfZcoJnjAOsBBsH4kGfFdwXru7HY57z0xqXgYPMA8Yo5PJgH3OCWgqUcYQoivOYZRsWRWzLTwf2BloISyao+KX8NxSGOfBUAFUWpgmRE4CZHAqWCLwjBWLCJ0RiZsoGFAfKacJH14gcuaGWMvlLoDwCn7eyMhvlJz39VKn8BU/Z0tyfWsvHEKvIaT8CCKgQV0dcmLBdY2l/bxmEtGQcw1IFRy/SymUyIJBR1SIU3Bqtp23dLmm82mXa+tgFlrrFPoViuWlt3flFqNLI88ukCX6ApZyEYtdIfaqIMo8tEzekVvhjJejHfjYyXNGdnOOdoo4/MHlPCQVg==</latexit><latexit sha1_base64="YZ3fDtBY67N+NlCQRumQY+WEo2g=">AAAB8XicZVDLSgNBEJyNrxhfUY9eBkPAi2E3MWxyC3jxGME8JFnC7GQ2GTL7YKZXCEu+wpOgIF79HE/+jZPNEow2NBTV1XRXuZHgCkzz28htbe/s7uX3CweHR8cnxdOzrgpjSVmHhiKUfZcoJnjAOsBBsH4kGfFdwXru7HY57z0xqXgYPMA8Yo5PJgH3OCWgqUcYQoivOYZRsWRWzLTwf2BloISyao+KX8NxSGOfBUAFUWpgmRE4CZHAqWCLwjBWLCJ0RiZsoGFAfKacJH14gcuaGWMvlLoDwCn7eyMhvlJz39VKn8BU/Z0tyfWsvHEKvIaT8CCKgQV0dcmLBdY2l/bxmEtGQcw1IFRy/SymUyIJBR1SIU3Bqtp23dLmm82mXa+tgFlrrFPoViuWlt3flFqNLI88ukCX6ApZyEYtdIfaqIMo8tEzekVvhjJejHfjYyXNGdnOOdoo4/MHlPCQVg==</latexit><latexit sha1_base64="YZ3fDtBY67N+NlCQRumQY+WEo2g=">AAAB8XicZVDLSgNBEJyNrxhfUY9eBkPAi2E3MWxyC3jxGME8JFnC7GQ2GTL7YKZXCEu+wpOgIF79HE/+jZPNEow2NBTV1XRXuZHgCkzz28htbe/s7uX3CweHR8cnxdOzrgpjSVmHhiKUfZcoJnjAOsBBsH4kGfFdwXru7HY57z0xqXgYPMA8Yo5PJgH3OCWgqUcYQoivOYZRsWRWzLTwf2BloISyao+KX8NxSGOfBUAFUWpgmRE4CZHAqWCLwjBWLCJ0RiZsoGFAfKacJH14gcuaGWMvlLoDwCn7eyMhvlJz39VKn8BU/Z0tyfWsvHEKvIaT8CCKgQV0dcmLBdY2l/bxmEtGQcw1IFRy/SymUyIJBR1SIU3Bqtp23dLmm82mXa+tgFlrrFPoViuWlt3flFqNLI88ukCX6ApZyEYtdIfaqIMo8tEzekVvhjJejHfjYyXNGdnOOdoo4/MHlPCQVg==</latexit>

Vafa-Witten theorem*
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<latexit sha1_base64="KxanWaB31bIQOwlMuavnDUTsxrM="></latexit><latexit sha1_base64="KxanWaB31bIQOwlMuavnDUTsxrM="></latexit><latexit sha1_base64="KxanWaB31bIQOwlMuavnDUTsxrM="></latexit><latexit sha1_base64="KxanWaB31bIQOwlMuavnDUTsxrM="></latexit><latexit sha1_base64="KxanWaB31bIQOwlMuavnDUTsxrM="></latexit><latexit sha1_base64="KxanWaB31bIQOwlMuavnDUTsxrM="></latexit>

GGtilde is a total derivative, but ... QCD instantons contribute
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<latexit sha1_base64="YBLESwnA/TJ+0mdCo+PYUDhSxRE="></latexit><latexit sha1_base64="YBLESwnA/TJ+0mdCo+PYUDhSxRE="></latexit><latexit sha1_base64="YBLESwnA/TJ+0mdCo+PYUDhSxRE="></latexit><latexit sha1_base64="YBLESwnA/TJ+0mdCo+PYUDhSxRE="></latexit><latexit sha1_base64="YBLESwnA/TJ+0mdCo+PYUDhSxRE="></latexit><latexit sha1_base64="YBLESwnA/TJ+0mdCo+PYUDhSxRE="></latexit>

n is the topological charge of the A configuration

it is minimum at              ✓ = 0
<latexit sha1_base64="f+GnjaoC/+thnGc2qcy+onvMcT8=">AAAB83icZVDLSgMxFM34rPVVdekmWAquykxrmXYhFNy4rGAf0A4lk6ZtaGYyJHeEMvQzXAkK4tavceXfmE6HYvVA4HDOudyb40eCa7Dtb2tre2d3bz93kD88Oj45LZydd7SMFWVtKoVUPZ9oJnjI2sBBsF6kGAl8wbr+7G7pd5+Y0lyGjzCPmBeQScjHnBIwUn8AUwYE32IbDwtFu2ynwP+Jk5EiytAaFr4GI0njgIVABdG679gReAlRwKlgi/wg1iwidEYmrG9oSAKmvSQ9eYFLRhnhsVTmhYBT9fdEQgKt54FvkgGBqf7rLcW1V9pYBeO6l/AwioGFdLVpHAsMEi8LwCOuGAUxN4RQxc2xmE6JIhRMTfm0BafiujXHfL7RaLi16orY1fq6hU6l7JjYw02xWc/6yKFLdIWukYNc1ET3qIXaiCKJntErerNi68V6tz5W0S0rm7lAG7A+fwBKKJCs</latexit><latexit sha1_base64="f+GnjaoC/+thnGc2qcy+onvMcT8=">AAAB83icZVDLSgMxFM34rPVVdekmWAquykxrmXYhFNy4rGAf0A4lk6ZtaGYyJHeEMvQzXAkK4tavceXfmE6HYvVA4HDOudyb40eCa7Dtb2tre2d3bz93kD88Oj45LZydd7SMFWVtKoVUPZ9oJnjI2sBBsF6kGAl8wbr+7G7pd5+Y0lyGjzCPmBeQScjHnBIwUn8AUwYE32IbDwtFu2ynwP+Jk5EiytAaFr4GI0njgIVABdG679gReAlRwKlgi/wg1iwidEYmrG9oSAKmvSQ9eYFLRhnhsVTmhYBT9fdEQgKt54FvkgGBqf7rLcW1V9pYBeO6l/AwioGFdLVpHAsMEi8LwCOuGAUxN4RQxc2xmE6JIhRMTfm0BafiujXHfL7RaLi16orY1fq6hU6l7JjYw02xWc/6yKFLdIWukYNc1ET3qIXaiCKJntErerNi68V6tz5W0S0rm7lAG7A+fwBKKJCs</latexit><latexit sha1_base64="f+GnjaoC/+thnGc2qcy+onvMcT8=">AAAB83icZVDLSgMxFM34rPVVdekmWAquykxrmXYhFNy4rGAf0A4lk6ZtaGYyJHeEMvQzXAkK4tavceXfmE6HYvVA4HDOudyb40eCa7Dtb2tre2d3bz93kD88Oj45LZydd7SMFWVtKoVUPZ9oJnjI2sBBsF6kGAl8wbr+7G7pd5+Y0lyGjzCPmBeQScjHnBIwUn8AUwYE32IbDwtFu2ynwP+Jk5EiytAaFr4GI0njgIVABdG679gReAlRwKlgi/wg1iwidEYmrG9oSAKmvSQ9eYFLRhnhsVTmhYBT9fdEQgKt54FvkgGBqf7rLcW1V9pYBeO6l/AwioGFdLVpHAsMEi8LwCOuGAUxN4RQxc2xmE6JIhRMTfm0BafiujXHfL7RaLi16orY1fq6hU6l7JjYw02xWc/6yKFLdIWukYNc1ET3qIXaiCKJntErerNi68V6tz5W0S0rm7lAG7A+fwBKKJCs</latexit><latexit sha1_base64="f+GnjaoC/+thnGc2qcy+onvMcT8=">AAAB83icZVDLSgMxFM34rPVVdekmWAquykxrmXYhFNy4rGAf0A4lk6ZtaGYyJHeEMvQzXAkK4tavceXfmE6HYvVA4HDOudyb40eCa7Dtb2tre2d3bz93kD88Oj45LZydd7SMFWVtKoVUPZ9oJnjI2sBBsF6kGAl8wbr+7G7pd5+Y0lyGjzCPmBeQScjHnBIwUn8AUwYE32IbDwtFu2ynwP+Jk5EiytAaFr4GI0njgIVABdG679gReAlRwKlgi/wg1iwidEYmrG9oSAKmvSQ9eYFLRhnhsVTmhYBT9fdEQgKt54FvkgGBqf7rLcW1V9pYBeO6l/AwioGFdLVpHAsMEi8LwCOuGAUxN4RQxc2xmE6JIhRMTfm0BafiujXHfL7RaLi16orY1fq6hU6l7JjYw02xWc/6yKFLdIWukYNc1ET3qIXaiCKJntErerNi68V6tz5W0S0rm7lAG7A+fwBKKJCs</latexit><latexit sha1_base64="f+GnjaoC/+thnGc2qcy+onvMcT8=">AAAB83icZVDLSgMxFM34rPVVdekmWAquykxrmXYhFNy4rGAf0A4lk6ZtaGYyJHeEMvQzXAkK4tavceXfmE6HYvVA4HDOudyb40eCa7Dtb2tre2d3bz93kD88Oj45LZydd7SMFWVtKoVUPZ9oJnjI2sBBsF6kGAl8wbr+7G7pd5+Y0lyGjzCPmBeQScjHnBIwUn8AUwYE32IbDwtFu2ynwP+Jk5EiytAaFr4GI0njgIVABdG679gReAlRwKlgi/wg1iwidEYmrG9oSAKmvSQ9eYFLRhnhsVTmhYBT9fdEQgKt54FvkgGBqf7rLcW1V9pYBeO6l/AwioGFdLVpHAsMEi8LwCOuGAUxN4RQxc2xmE6JIhRMTfm0BafiujXHfL7RaLi16orY1fq6hU6l7JjYw02xWc/6yKFLdIWukYNc1ET3qIXaiCKJntErerNi68V6tz5W0S0rm7lAG7A+fwBKKJCs</latexit><latexit sha1_base64="f+GnjaoC/+thnGc2qcy+onvMcT8=">AAAB83icZVDLSgMxFM34rPVVdekmWAquykxrmXYhFNy4rGAf0A4lk6ZtaGYyJHeEMvQzXAkK4tavceXfmE6HYvVA4HDOudyb40eCa7Dtb2tre2d3bz93kD88Oj45LZydd7SMFWVtKoVUPZ9oJnjI2sBBsF6kGAl8wbr+7G7pd5+Y0lyGjzCPmBeQScjHnBIwUn8AUwYE32IbDwtFu2ynwP+Jk5EiytAaFr4GI0njgIVABdG679gReAlRwKlgi/wg1iwidEYmrG9oSAKmvSQ9eYFLRhnhsVTmhYBT9fdEQgKt54FvkgGBqf7rLcW1V9pYBeO6l/AwioGFdLVpHAsMEi8LwCOuGAUxN4RQxc2xmE6JIhRMTfm0BafiujXHfL7RaLi16orY1fq6hU6l7JjYw02xWc/6yKFLdIWukYNc1ET3qIXaiCKJntErerNi68V6tz5W0S0rm7lAG7A+fwBKKJCs</latexit>

⌘ ✓ + 2h✓0i
<latexit sha1_base64="ZwqctXB9z3mIe7e5hus6hPFlqSI=">AAACEHicZVBNSwMxEM36bf2qevQSLIogyG5raXsrePFYwbZCt5RsOm2D2eyazBZK8R948qd4EhTEq1dP/hvTbSl+PAi8eW+GybwglsKg6345C4tLyyura+uZjc2t7Z3s7l7DRInmUOeRjPRNwAxIoaCOAiXcxBpYGEhoBrcXE785BG1EpK5xFEM7ZH0leoIztFIne+zDXSKGPg4AGT3NU18y1ZcwFTqur9Oyk825Z24K+p94M5IjM9Q62U+/G/EkBIVcMmNanhtje8w0Ci7hPuMnBmLGb1kfWpYqFoJpj9N77umRVbq0F2n7FNJU/TkxZqExozCwnSHDgfnrTcS5d/RrFfbK7bFQcYKg+HRTL5EUIzpJh3aFBo5yZAnjWtjPUj5gmnG0GWbSFLx8qVT07PGVSqVULEyJWyjPU2jkzzzbdnWeq5ZneayRA3JITohHSqRKLkmN1AknD+SJvJBX59F5dt6c92nrgjOb2Se/4Hx8A1CJnOY=</latexit><latexit sha1_base64="ZwqctXB9z3mIe7e5hus6hPFlqSI=">AAACEHicZVBNSwMxEM36bf2qevQSLIogyG5raXsrePFYwbZCt5RsOm2D2eyazBZK8R948qd4EhTEq1dP/hvTbSl+PAi8eW+GybwglsKg6345C4tLyyura+uZjc2t7Z3s7l7DRInmUOeRjPRNwAxIoaCOAiXcxBpYGEhoBrcXE785BG1EpK5xFEM7ZH0leoIztFIne+zDXSKGPg4AGT3NU18y1ZcwFTqur9Oyk825Z24K+p94M5IjM9Q62U+/G/EkBIVcMmNanhtje8w0Ci7hPuMnBmLGb1kfWpYqFoJpj9N77umRVbq0F2n7FNJU/TkxZqExozCwnSHDgfnrTcS5d/RrFfbK7bFQcYKg+HRTL5EUIzpJh3aFBo5yZAnjWtjPUj5gmnG0GWbSFLx8qVT07PGVSqVULEyJWyjPU2jkzzzbdnWeq5ZneayRA3JITohHSqRKLkmN1AknD+SJvJBX59F5dt6c92nrgjOb2Se/4Hx8A1CJnOY=</latexit><latexit sha1_base64="ZwqctXB9z3mIe7e5hus6hPFlqSI=">AAACEHicZVBNSwMxEM36bf2qevQSLIogyG5raXsrePFYwbZCt5RsOm2D2eyazBZK8R948qd4EhTEq1dP/hvTbSl+PAi8eW+GybwglsKg6345C4tLyyura+uZjc2t7Z3s7l7DRInmUOeRjPRNwAxIoaCOAiXcxBpYGEhoBrcXE785BG1EpK5xFEM7ZH0leoIztFIne+zDXSKGPg4AGT3NU18y1ZcwFTqur9Oyk825Z24K+p94M5IjM9Q62U+/G/EkBIVcMmNanhtje8w0Ci7hPuMnBmLGb1kfWpYqFoJpj9N77umRVbq0F2n7FNJU/TkxZqExozCwnSHDgfnrTcS5d/RrFfbK7bFQcYKg+HRTL5EUIzpJh3aFBo5yZAnjWtjPUj5gmnG0GWbSFLx8qVT07PGVSqVULEyJWyjPU2jkzzzbdnWeq5ZneayRA3JITohHSqRKLkmN1AknD+SJvJBX59F5dt6c92nrgjOb2Se/4Hx8A1CJnOY=</latexit><latexit sha1_base64="ZwqctXB9z3mIe7e5hus6hPFlqSI=">AAACEHicZVBNSwMxEM36bf2qevQSLIogyG5raXsrePFYwbZCt5RsOm2D2eyazBZK8R948qd4EhTEq1dP/hvTbSl+PAi8eW+GybwglsKg6345C4tLyyura+uZjc2t7Z3s7l7DRInmUOeRjPRNwAxIoaCOAiXcxBpYGEhoBrcXE785BG1EpK5xFEM7ZH0leoIztFIne+zDXSKGPg4AGT3NU18y1ZcwFTqur9Oyk825Z24K+p94M5IjM9Q62U+/G/EkBIVcMmNanhtje8w0Ci7hPuMnBmLGb1kfWpYqFoJpj9N77umRVbq0F2n7FNJU/TkxZqExozCwnSHDgfnrTcS5d/RrFfbK7bFQcYKg+HRTL5EUIzpJh3aFBo5yZAnjWtjPUj5gmnG0GWbSFLx8qVT07PGVSqVULEyJWyjPU2jkzzzbdnWeq5ZneayRA3JITohHSqRKLkmN1AknD+SJvJBX59F5dt6c92nrgjOb2Se/4Hx8A1CJnOY=</latexit><latexit sha1_base64="ZwqctXB9z3mIe7e5hus6hPFlqSI=">AAACEHicZVBNSwMxEM36bf2qevQSLIogyG5raXsrePFYwbZCt5RsOm2D2eyazBZK8R948qd4EhTEq1dP/hvTbSl+PAi8eW+GybwglsKg6345C4tLyyura+uZjc2t7Z3s7l7DRInmUOeRjPRNwAxIoaCOAiXcxBpYGEhoBrcXE785BG1EpK5xFEM7ZH0leoIztFIne+zDXSKGPg4AGT3NU18y1ZcwFTqur9Oyk825Z24K+p94M5IjM9Q62U+/G/EkBIVcMmNanhtje8w0Ci7hPuMnBmLGb1kfWpYqFoJpj9N77umRVbq0F2n7FNJU/TkxZqExozCwnSHDgfnrTcS5d/RrFfbK7bFQcYKg+HRTL5EUIzpJh3aFBo5yZAnjWtjPUj5gmnG0GWbSFLx8qVT07PGVSqVULEyJWyjPU2jkzzzbdnWeq5ZneayRA3JITohHSqRKLkmN1AknD+SJvJBX59F5dt6c92nrgjOb2Se/4Hx8A1CJnOY=</latexit><latexit sha1_base64="ZwqctXB9z3mIe7e5hus6hPFlqSI=">AAACEHicZVBNSwMxEM36bf2qevQSLIogyG5raXsrePFYwbZCt5RsOm2D2eyazBZK8R948qd4EhTEq1dP/hvTbSl+PAi8eW+GybwglsKg6345C4tLyyura+uZjc2t7Z3s7l7DRInmUOeRjPRNwAxIoaCOAiXcxBpYGEhoBrcXE785BG1EpK5xFEM7ZH0leoIztFIne+zDXSKGPg4AGT3NU18y1ZcwFTqur9Oyk825Z24K+p94M5IjM9Q62U+/G/EkBIVcMmNanhtje8w0Ci7hPuMnBmLGb1kfWpYqFoJpj9N77umRVbq0F2n7FNJU/TkxZqExozCwnSHDgfnrTcS5d/RrFfbK7bFQcYKg+HRTL5EUIzpJh3aFBo5yZAnjWtjPUj5gmnG0GWbSFLx8qVT07PGVSqVULEyJWyjPU2jkzzzbdnWeq5ZneayRA3JITohHSqRKLkmN1AknD+SJvJBX59F5dt6c92nrgjOb2Se/4Hx8A1CJnOY=</latexit>

V [✓] � V [0]
<latexit sha1_base64="lDrFXmJPGdLa06ZiEu8LK1jCr0Y=">AAAB/HicZVBLS0JBGJ1rL7OX2bLNkAit5F5N1J3QpqVBPkAvMnf81MG5j2a+G4nYT2kVFETb/kir/k3jA8k6MHA453x83xwvkkKjbX9bia3tnd295H7q4PDo+CR9mmnqMFYcGjyUoWp7TIMUATRQoIR2pID5noSWN76e+60HUFqEwR1OInB9NgzEQHCGRuqlM81OF0eAzO0O4Z42O7bbS2ftvL0A/U+cFcmSFeq99Fe3H/LYhwC5ZFp3HDtCd8oUCi5hlurGGiLGx2wIHUMD5oN2p4vbZzRnlD4dhMq8AOlC/T0xZb7WE98zSZ/hSP/15uLay22swkHFnYogihECvtw0iCXFkM6boH2hgKOcGMK4EuZYykdMMY6mr9SiBadQLpcc8/lqtVouFZfELlbWLTQLecfEbq+ytcqqjyQ5JxfkkjikTGrkhtRJg3DySJ7JK3mznqwX6936WEYT1mrmjGzA+vwBz66UWw==</latexit><latexit sha1_base64="lDrFXmJPGdLa06ZiEu8LK1jCr0Y=">AAAB/HicZVBLS0JBGJ1rL7OX2bLNkAit5F5N1J3QpqVBPkAvMnf81MG5j2a+G4nYT2kVFETb/kir/k3jA8k6MHA453x83xwvkkKjbX9bia3tnd295H7q4PDo+CR9mmnqMFYcGjyUoWp7TIMUATRQoIR2pID5noSWN76e+60HUFqEwR1OInB9NgzEQHCGRuqlM81OF0eAzO0O4Z42O7bbS2ftvL0A/U+cFcmSFeq99Fe3H/LYhwC5ZFp3HDtCd8oUCi5hlurGGiLGx2wIHUMD5oN2p4vbZzRnlD4dhMq8AOlC/T0xZb7WE98zSZ/hSP/15uLay22swkHFnYogihECvtw0iCXFkM6boH2hgKOcGMK4EuZYykdMMY6mr9SiBadQLpcc8/lqtVouFZfELlbWLTQLecfEbq+ytcqqjyQ5JxfkkjikTGrkhtRJg3DySJ7JK3mznqwX6936WEYT1mrmjGzA+vwBz66UWw==</latexit><latexit sha1_base64="lDrFXmJPGdLa06ZiEu8LK1jCr0Y=">AAAB/HicZVBLS0JBGJ1rL7OX2bLNkAit5F5N1J3QpqVBPkAvMnf81MG5j2a+G4nYT2kVFETb/kir/k3jA8k6MHA453x83xwvkkKjbX9bia3tnd295H7q4PDo+CR9mmnqMFYcGjyUoWp7TIMUATRQoIR2pID5noSWN76e+60HUFqEwR1OInB9NgzEQHCGRuqlM81OF0eAzO0O4Z42O7bbS2ftvL0A/U+cFcmSFeq99Fe3H/LYhwC5ZFp3HDtCd8oUCi5hlurGGiLGx2wIHUMD5oN2p4vbZzRnlD4dhMq8AOlC/T0xZb7WE98zSZ/hSP/15uLay22swkHFnYogihECvtw0iCXFkM6boH2hgKOcGMK4EuZYykdMMY6mr9SiBadQLpcc8/lqtVouFZfELlbWLTQLecfEbq+ytcqqjyQ5JxfkkjikTGrkhtRJg3DySJ7JK3mznqwX6936WEYT1mrmjGzA+vwBz66UWw==</latexit><latexit sha1_base64="lDrFXmJPGdLa06ZiEu8LK1jCr0Y=">AAAB/HicZVBLS0JBGJ1rL7OX2bLNkAit5F5N1J3QpqVBPkAvMnf81MG5j2a+G4nYT2kVFETb/kir/k3jA8k6MHA453x83xwvkkKjbX9bia3tnd295H7q4PDo+CR9mmnqMFYcGjyUoWp7TIMUATRQoIR2pID5noSWN76e+60HUFqEwR1OInB9NgzEQHCGRuqlM81OF0eAzO0O4Z42O7bbS2ftvL0A/U+cFcmSFeq99Fe3H/LYhwC5ZFp3HDtCd8oUCi5hlurGGiLGx2wIHUMD5oN2p4vbZzRnlD4dhMq8AOlC/T0xZb7WE98zSZ/hSP/15uLay22swkHFnYogihECvtw0iCXFkM6boH2hgKOcGMK4EuZYykdMMY6mr9SiBadQLpcc8/lqtVouFZfELlbWLTQLecfEbq+ytcqqjyQ5JxfkkjikTGrkhtRJg3DySJ7JK3mznqwX6936WEYT1mrmjGzA+vwBz66UWw==</latexit><latexit sha1_base64="lDrFXmJPGdLa06ZiEu8LK1jCr0Y=">AAAB/HicZVBLS0JBGJ1rL7OX2bLNkAit5F5N1J3QpqVBPkAvMnf81MG5j2a+G4nYT2kVFETb/kir/k3jA8k6MHA453x83xwvkkKjbX9bia3tnd295H7q4PDo+CR9mmnqMFYcGjyUoWp7TIMUATRQoIR2pID5noSWN76e+60HUFqEwR1OInB9NgzEQHCGRuqlM81OF0eAzO0O4Z42O7bbS2ftvL0A/U+cFcmSFeq99Fe3H/LYhwC5ZFp3HDtCd8oUCi5hlurGGiLGx2wIHUMD5oN2p4vbZzRnlD4dhMq8AOlC/T0xZb7WE98zSZ/hSP/15uLay22swkHFnYogihECvtw0iCXFkM6boH2hgKOcGMK4EuZYykdMMY6mr9SiBadQLpcc8/lqtVouFZfELlbWLTQLecfEbq+ytcqqjyQ5JxfkkjikTGrkhtRJg3DySJ7JK3mznqwX6936WEYT1mrmjGzA+vwBz66UWw==</latexit><latexit sha1_base64="lDrFXmJPGdLa06ZiEu8LK1jCr0Y=">AAAB/HicZVBLS0JBGJ1rL7OX2bLNkAit5F5N1J3QpqVBPkAvMnf81MG5j2a+G4nYT2kVFETb/kir/k3jA8k6MHA453x83xwvkkKjbX9bia3tnd295H7q4PDo+CR9mmnqMFYcGjyUoWp7TIMUATRQoIR2pID5noSWN76e+60HUFqEwR1OInB9NgzEQHCGRuqlM81OF0eAzO0O4Z42O7bbS2ftvL0A/U+cFcmSFeq99Fe3H/LYhwC5ZFp3HDtCd8oUCi5hlurGGiLGx2wIHUMD5oN2p4vbZzRnlD4dhMq8AOlC/T0xZb7WE98zSZ/hSP/15uLay22swkHFnYogihECvtw0iCXFkM6boH2hgKOcGMK4EuZYykdMMY6mr9SiBadQLpcc8/lqtVouFZfELlbWLTQLecfEbq+ytcqqjyQ5JxfkkjikTGrkhtRJg3DySJ7JK3mznqwX6936WEYT1mrmjGzA+vwBz66UWw==</latexit>



Meson masses: U(1) solution 
- U(1)_A is explicitly broken by anomaly!!! -> need a new term in the potential from GGtilde! 

neutral sector, set ✓± = ✓1 ± i✓2 = 0
<latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit><latexit sha1_base64="uswsAFmzPrtWZdTZfYKK7QqVJTo=">AAACDXicZVDLagIxFM3Yl7Uv2y67CRWhK5nRiroQhG66tFAfoINkYkaDmcyQ3CmI+AFd9VO6KrRQuu0HdNW/adRBansgcO6553JzjxcJrsG2v63U1vbO7l56P3NweHR8kj09a+swVpS1aChC1fWIZoJL1gIOgnUjxUjgCdbxJjeLfueBKc1DeQ/TiLkBGUnuc0rASINsrg9jBmTQjwJcT7izKHhSFOu2cdkFewn8nzgJyaEEzUH2qz8MaRwwCVQQrXuOHYE7Iwo4FWye6ceaRYROyIj1DJUkYNqdLY+Z47xRhtgPlXkS8FL9PTEjgdbTwDPOgMBY/+0txHUvv7EK/Ko74zKKgUm62uTHAkOIF9HgIVeMgpgaQqji5rOYjokiFEyAmWUKTrFSKTvm+FqtVimXVsQuVdcptIsFx9jurnONapJHGl2gS3SFHFRBDXSLmqiFKHpEz+gVvVlP1ov1bn2srCkrmTlHG7A+fwBCy5sp</latexit>

q̄LmqqR + h.c. ! �muv
3 cos(✓0 + ✓3)�mdv

3 cos(✓0 � ✓3)� ⇤4 cos(✓ + 2✓0)
<latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit><latexit sha1_base64="raWnmjTCHF9VEwDmYS5l2i57s0A="></latexit>

- phase transformations are shifts of the Goldstones   
- absolute minimum of the potential would happen for                 but         is a constant to be measured 

✓0, ✓3
<latexit sha1_base64="HkYPDlLSfjyLjbEhJe06sLluans=">AAAB+3icZVDLSsNAFJ3UV62vVJdugqXgQkrSWtLuCm5cVrC10IYwmU7aoZMHMzdKCf0UV4KCuPVLXPk3TtNQrB4YOJxzLvfO8WLOJJjmt1bY2t7Z3Svulw4Oj45P9PJpX0aJILRHIh6JgYcl5SykPWDA6SAWFAcepw/e7GbpPzxSIVkU3sM8pk6AJyHzGcGgJFcvj2BKAbvmVU4arl4xa2YG4z+xclJBObqu/jUaRyQJaAiEYymHlhmDk2IBjHC6KI0SSWNMZnhCh4qGOKDSSbPTF0ZVKWPDj4R6IRiZ+nsixYGU88BTyQDDVP71luLaq26sAr/lpCyME6AhWW3yE25AZCyLMMZMUAJ8rggmgqljDTLFAhNQdZWyFqy6bTct9fl2u203GytiNlrrFvr1mqVid9eVTivvo4jO0QW6RBayUQfdoi7qIYKe0DN6RW/aQnvR3rWPVbSg5TNnaAPa5w85YpQL</latexit><latexit sha1_base64="HkYPDlLSfjyLjbEhJe06sLluans=">AAAB+3icZVDLSsNAFJ3UV62vVJdugqXgQkrSWtLuCm5cVrC10IYwmU7aoZMHMzdKCf0UV4KCuPVLXPk3TtNQrB4YOJxzLvfO8WLOJJjmt1bY2t7Z3Svulw4Oj45P9PJpX0aJILRHIh6JgYcl5SykPWDA6SAWFAcepw/e7GbpPzxSIVkU3sM8pk6AJyHzGcGgJFcvj2BKAbvmVU4arl4xa2YG4z+xclJBObqu/jUaRyQJaAiEYymHlhmDk2IBjHC6KI0SSWNMZnhCh4qGOKDSSbPTF0ZVKWPDj4R6IRiZ+nsixYGU88BTyQDDVP71luLaq26sAr/lpCyME6AhWW3yE25AZCyLMMZMUAJ8rggmgqljDTLFAhNQdZWyFqy6bTct9fl2u203GytiNlrrFvr1mqVid9eVTivvo4jO0QW6RBayUQfdoi7qIYKe0DN6RW/aQnvR3rWPVbSg5TNnaAPa5w85YpQL</latexit><latexit sha1_base64="HkYPDlLSfjyLjbEhJe06sLluans=">AAAB+3icZVDLSsNAFJ3UV62vVJdugqXgQkrSWtLuCm5cVrC10IYwmU7aoZMHMzdKCf0UV4KCuPVLXPk3TtNQrB4YOJxzLvfO8WLOJJjmt1bY2t7Z3Svulw4Oj45P9PJpX0aJILRHIh6JgYcl5SykPWDA6SAWFAcepw/e7GbpPzxSIVkU3sM8pk6AJyHzGcGgJFcvj2BKAbvmVU4arl4xa2YG4z+xclJBObqu/jUaRyQJaAiEYymHlhmDk2IBjHC6KI0SSWNMZnhCh4qGOKDSSbPTF0ZVKWPDj4R6IRiZ+nsixYGU88BTyQDDVP71luLaq26sAr/lpCyME6AhWW3yE25AZCyLMMZMUAJ8rggmgqljDTLFAhNQdZWyFqy6bTct9fl2u203GytiNlrrFvr1mqVid9eVTivvo4jO0QW6RBayUQfdoi7qIYKe0DN6RW/aQnvR3rWPVbSg5TNnaAPa5w85YpQL</latexit><latexit sha1_base64="HkYPDlLSfjyLjbEhJe06sLluans=">AAAB+3icZVDLSsNAFJ3UV62vVJdugqXgQkrSWtLuCm5cVrC10IYwmU7aoZMHMzdKCf0UV4KCuPVLXPk3TtNQrB4YOJxzLvfO8WLOJJjmt1bY2t7Z3Svulw4Oj45P9PJpX0aJILRHIh6JgYcl5SykPWDA6SAWFAcepw/e7GbpPzxSIVkU3sM8pk6AJyHzGcGgJFcvj2BKAbvmVU4arl4xa2YG4z+xclJBObqu/jUaRyQJaAiEYymHlhmDk2IBjHC6KI0SSWNMZnhCh4qGOKDSSbPTF0ZVKWPDj4R6IRiZ+nsixYGU88BTyQDDVP71luLaq26sAr/lpCyME6AhWW3yE25AZCyLMMZMUAJ8rggmgqljDTLFAhNQdZWyFqy6bTct9fl2u203GytiNlrrFvr1mqVid9eVTivvo4jO0QW6RBayUQfdoi7qIYKe0DN6RW/aQnvR3rWPVbSg5TNnaAPa5w85YpQL</latexit><latexit sha1_base64="HkYPDlLSfjyLjbEhJe06sLluans=">AAAB+3icZVDLSsNAFJ3UV62vVJdugqXgQkrSWtLuCm5cVrC10IYwmU7aoZMHMzdKCf0UV4KCuPVLXPk3TtNQrB4YOJxzLvfO8WLOJJjmt1bY2t7Z3Svulw4Oj45P9PJpX0aJILRHIh6JgYcl5SykPWDA6SAWFAcepw/e7GbpPzxSIVkU3sM8pk6AJyHzGcGgJFcvj2BKAbvmVU4arl4xa2YG4z+xclJBObqu/jUaRyQJaAiEYymHlhmDk2IBjHC6KI0SSWNMZnhCh4qGOKDSSbPTF0ZVKWPDj4R6IRiZ+nsixYGU88BTyQDDVP71luLaq26sAr/lpCyME6AhWW3yE25AZCyLMMZMUAJ8rggmgqljDTLFAhNQdZWyFqy6bTct9fl2u203GytiNlrrFvr1mqVid9eVTivvo4jO0QW6RBayUQfdoi7qIYKe0DN6RW/aQnvR3rWPVbSg5TNnaAPa5w85YpQL</latexit><latexit sha1_base64="HkYPDlLSfjyLjbEhJe06sLluans=">AAAB+3icZVDLSsNAFJ3UV62vVJdugqXgQkrSWtLuCm5cVrC10IYwmU7aoZMHMzdKCf0UV4KCuPVLXPk3TtNQrB4YOJxzLvfO8WLOJJjmt1bY2t7Z3Svulw4Oj45P9PJpX0aJILRHIh6JgYcl5SykPWDA6SAWFAcepw/e7GbpPzxSIVkU3sM8pk6AJyHzGcGgJFcvj2BKAbvmVU4arl4xa2YG4z+xclJBObqu/jUaRyQJaAiEYymHlhmDk2IBjHC6KI0SSWNMZnhCh4qGOKDSSbPTF0ZVKWPDj4R6IRiZ+nsixYGU88BTyQDDVP71luLaq26sAr/lpCyME6AhWW3yE25AZCyLMMZMUAJ8rggmgqljDTLFAhNQdZWyFqy6bTct9fl2u203GytiNlrrFvr1mqVid9eVTivvo4jO0QW6RBayUQfdoi7qIYKe0DN6RW/aQnvR3rWPVbSg5TNnaAPa5w85YpQL</latexit>

✓ = 0
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- Two VEVs, three terms in the potential cannot be taken to their minimum values! 

- if any of the quark masses is zero, no CP violation (two VEVs, two terms to minimise, minimum energy achievable!) 

- if theta = 0, no CP violation 
- CP violation is suppressed by a further small ratio m_pi/m_eta

          eta' adjusts its VEV to cancel theta, but it cannot completely because it has the ~m terms (a compromise must be found)

CP violation minimum when V is in absolute minimum   2h✓0i+ ✓ = 0
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⇤4 � mqv
3

<latexit sha1_base64="jhgOm+JDkZOW8Pz9V1FjSt4BzNA=">AAAB/XicZVDLagIxFM3Yl7WvaV12EypCVzLjA3UndNNFFxbqAxyVTMyMwcyjSUYYBumndFVooXTbD+mqf9Oog9T2QOBwzrncm2OHjAppGN9aZmd3b/8ge5g7Oj45PdPPL7oiiDgmHRywgPdtJAijPulIKhnph5wgz2akZ89uln5vTriggf8g45AMPeT61KEYSSWN9bx1p8ITNKpargu98eN8VBnrBaNkrAD/EzMlBZCiPda/rEmAI4/4EjMkxMA0QjlMEJcUM7LIWZEgIcIz5JKBoj7yiBgmq+MXsKiUCXQCrp4v4Ur9PZEgT4jYs1XSQ3Iq/npLceMVt1ZJpzFMqB9Gkvh4vcmJGJQBXFYBJ5QTLFmsCMKcqmMhniKOsFSF5VYtmOV6vWaqzzebzXqtsiZGpbFpoVsumSp2Xy20GmkfWXAJrsA1MEEdtMAtaIMOwCAGz+AVvGlP2ov2rn2soxktncmDLWifP2KolKs=</latexit><latexit sha1_base64="jhgOm+JDkZOW8Pz9V1FjSt4BzNA=">AAAB/XicZVDLagIxFM3Yl7WvaV12EypCVzLjA3UndNNFFxbqAxyVTMyMwcyjSUYYBumndFVooXTbD+mqf9Oog9T2QOBwzrncm2OHjAppGN9aZmd3b/8ge5g7Oj45PdPPL7oiiDgmHRywgPdtJAijPulIKhnph5wgz2akZ89uln5vTriggf8g45AMPeT61KEYSSWN9bx1p8ITNKpargu98eN8VBnrBaNkrAD/EzMlBZCiPda/rEmAI4/4EjMkxMA0QjlMEJcUM7LIWZEgIcIz5JKBoj7yiBgmq+MXsKiUCXQCrp4v4Ur9PZEgT4jYs1XSQ3Iq/npLceMVt1ZJpzFMqB9Gkvh4vcmJGJQBXFYBJ5QTLFmsCMKcqmMhniKOsFSF5VYtmOV6vWaqzzebzXqtsiZGpbFpoVsumSp2Xy20GmkfWXAJrsA1MEEdtMAtaIMOwCAGz+AVvGlP2ov2rn2soxktncmDLWifP2KolKs=</latexit><latexit sha1_base64="jhgOm+JDkZOW8Pz9V1FjSt4BzNA=">AAAB/XicZVDLagIxFM3Yl7WvaV12EypCVzLjA3UndNNFFxbqAxyVTMyMwcyjSUYYBumndFVooXTbD+mqf9Oog9T2QOBwzrncm2OHjAppGN9aZmd3b/8ge5g7Oj45PdPPL7oiiDgmHRywgPdtJAijPulIKhnph5wgz2akZ89uln5vTriggf8g45AMPeT61KEYSSWN9bx1p8ITNKpargu98eN8VBnrBaNkrAD/EzMlBZCiPda/rEmAI4/4EjMkxMA0QjlMEJcUM7LIWZEgIcIz5JKBoj7yiBgmq+MXsKiUCXQCrp4v4Ur9PZEgT4jYs1XSQ3Iq/npLceMVt1ZJpzFMqB9Gkvh4vcmJGJQBXFYBJ5QTLFmsCMKcqmMhniKOsFSF5VYtmOV6vWaqzzebzXqtsiZGpbFpoVsumSp2Xy20GmkfWXAJrsA1MEEdtMAtaIMOwCAGz+AVvGlP2ov2rn2soxktncmDLWifP2KolKs=</latexit><latexit sha1_base64="jhgOm+JDkZOW8Pz9V1FjSt4BzNA=">AAAB/XicZVDLagIxFM3Yl7WvaV12EypCVzLjA3UndNNFFxbqAxyVTMyMwcyjSUYYBumndFVooXTbD+mqf9Oog9T2QOBwzrncm2OHjAppGN9aZmd3b/8ge5g7Oj45PdPPL7oiiDgmHRywgPdtJAijPulIKhnph5wgz2akZ89uln5vTriggf8g45AMPeT61KEYSSWN9bx1p8ITNKpargu98eN8VBnrBaNkrAD/EzMlBZCiPda/rEmAI4/4EjMkxMA0QjlMEJcUM7LIWZEgIcIz5JKBoj7yiBgmq+MXsKiUCXQCrp4v4Ur9PZEgT4jYs1XSQ3Iq/npLceMVt1ZJpzFMqB9Gkvh4vcmJGJQBXFYBJ5QTLFmsCMKcqmMhniKOsFSF5VYtmOV6vWaqzzebzXqtsiZGpbFpoVsumSp2Xy20GmkfWXAJrsA1MEEdtMAtaIMOwCAGz+AVvGlP2ov2rn2soxktncmDLWifP2KolKs=</latexit><latexit sha1_base64="jhgOm+JDkZOW8Pz9V1FjSt4BzNA=">AAAB/XicZVDLagIxFM3Yl7WvaV12EypCVzLjA3UndNNFFxbqAxyVTMyMwcyjSUYYBumndFVooXTbD+mqf9Oog9T2QOBwzrncm2OHjAppGN9aZmd3b/8ge5g7Oj45PdPPL7oiiDgmHRywgPdtJAijPulIKhnph5wgz2akZ89uln5vTriggf8g45AMPeT61KEYSSWN9bx1p8ITNKpargu98eN8VBnrBaNkrAD/EzMlBZCiPda/rEmAI4/4EjMkxMA0QjlMEJcUM7LIWZEgIcIz5JKBoj7yiBgmq+MXsKiUCXQCrp4v4Ur9PZEgT4jYs1XSQ3Iq/npLceMVt1ZJpzFMqB9Gkvh4vcmJGJQBXFYBJ5QTLFmsCMKcqmMhniKOsFSF5VYtmOV6vWaqzzebzXqtsiZGpbFpoVsumSp2Xy20GmkfWXAJrsA1MEEdtMAtaIMOwCAGz+AVvGlP2ov2rn2soxktncmDLWifP2KolKs=</latexit><latexit sha1_base64="jhgOm+JDkZOW8Pz9V1FjSt4BzNA=">AAAB/XicZVDLagIxFM3Yl7WvaV12EypCVzLjA3UndNNFFxbqAxyVTMyMwcyjSUYYBumndFVooXTbD+mqf9Oog9T2QOBwzrncm2OHjAppGN9aZmd3b/8ge5g7Oj45PdPPL7oiiDgmHRywgPdtJAijPulIKhnph5wgz2akZ89uln5vTriggf8g45AMPeT61KEYSSWN9bx1p8ITNKpargu98eN8VBnrBaNkrAD/EzMlBZCiPda/rEmAI4/4EjMkxMA0QjlMEJcUM7LIWZEgIcIz5JKBoj7yiBgmq+MXsKiUCXQCrp4v4Ur9PZEgT4jYs1XSQ3Iq/npLceMVt1ZJpzFMqB9Gkvh4vcmJGJQBXFYBJ5QTLFmsCMKcqmMhniKOsFSF5VYtmOV6vWaqzzebzXqtsiZGpbFpoVsumSp2Xy20GmkfWXAJrsA1MEEdtMAtaIMOwCAGz+AVvGlP2ov2rn2soxktncmDLWifP2KolKs=</latexit>

- Meson masses assuming                             (exercise*)

2h✓0i+ ✓ ⇠ mumdv3

⇤4(mu +md)
✓ ⇠ mumd

(mu +md)2
m2

⇡

m02
⌘

✓
<latexit sha1_base64="nj8AnhqxVacl1Sv1GoRl74HjNf0="></latexit><latexit sha1_base64="nj8AnhqxVacl1Sv1GoRl74HjNf0="></latexit><latexit sha1_base64="nj8AnhqxVacl1Sv1GoRl74HjNf0="></latexit><latexit sha1_base64="nj8AnhqxVacl1Sv1GoRl74HjNf0="></latexit><latexit sha1_base64="nj8AnhqxVacl1Sv1GoRl74HjNf0="></latexit><latexit sha1_base64="nj8AnhqxVacl1Sv1GoRl74HjNf0="></latexit>

- P,T,CP violation



The axion solution
- two VEVs cannot be adjusted to absolutely minimise 3 terms in the potential

neutral sector potential
Vmesons = �muv

3 cos(✓0 + ✓3)�mdv
3 cos(✓0 � ✓3)� ⇤4 cos(✓ + 2✓0 + ✓�)

<latexit sha1_base64="522466H3QIx+SWJy7N7bMQSQWCI="></latexit><latexit sha1_base64="522466H3QIx+SWJy7N7bMQSQWCI="></latexit><latexit sha1_base64="522466H3QIx+SWJy7N7bMQSQWCI="></latexit><latexit sha1_base64="522466H3QIx+SWJy7N7bMQSQWCI="></latexit><latexit sha1_base64="522466H3QIx+SWJy7N7bMQSQWCI="></latexit><latexit sha1_base64="522466H3QIx+SWJy7N7bMQSQWCI="></latexit>

- Postulate another Goldstone boson coupling to GGtilde ... its VEV also contributes to the "effective" theta!

L� =
1

2
(@µ✓�)(@

µ✓�)f
2
a � ↵s

4⇡
G eG✓�

<latexit sha1_base64="fbwND77Q0539w1G6MPLvOp6irrY="></latexit><latexit sha1_base64="fbwND77Q0539w1G6MPLvOp6irrY="></latexit><latexit sha1_base64="fbwND77Q0539w1G6MPLvOp6irrY="></latexit><latexit sha1_base64="fbwND77Q0539w1G6MPLvOp6irrY="></latexit><latexit sha1_base64="fbwND77Q0539w1G6MPLvOp6irrY="></latexit><latexit sha1_base64="fbwND77Q0539w1G6MPLvOp6irrY="></latexit>

fa
<latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit>

new physics energy scale!

- minimisation of the potential gives VEVs ...                                                      no CP violation!            h✓�i = �✓, ✓0 = ✓3 = 0
<latexit sha1_base64="13JNfGHrnnVfJxDOBgDv5FTeMI4="></latexit><latexit sha1_base64="13JNfGHrnnVfJxDOBgDv5FTeMI4="></latexit><latexit sha1_base64="13JNfGHrnnVfJxDOBgDv5FTeMI4="></latexit><latexit sha1_base64="13JNfGHrnnVfJxDOBgDv5FTeMI4="></latexit><latexit sha1_base64="13JNfGHrnnVfJxDOBgDv5FTeMI4="></latexit><latexit sha1_base64="13JNfGHrnnVfJxDOBgDv5FTeMI4="></latexit>

- but a new meson-like particle is predicted!       are we back to the U(1) mising meson problem???

new physics energy scale!fa
<latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit><latexit sha1_base64="nFeZxWcp6ZlbX6Q6VF/GZRQdJKk=">AAAB63icZVBNS8NAEJ34WetX1aOXYCl4KklrSXsrePFY0X5AG8pmu2mX7m7C7kYooT/Bk6AgXv1Fnvw3bttQrD4YeLw3w8y8IGZUacf5tra2d3b39nMH+cOj45PTwtl5R0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gervwu09EKhqJRz2Lic/RWNCQYqSN9BAO0bBQdMrOEvZ/4makCBlaw8LXYBThhBOhMUNK9V0n1n6KpKaYkXl+kCgSIzxFY9I3VCBOlJ8uT53bJaOM7DCSpoS2l+rviRRxpWY8MJ0c6Yn66y3EtVfaWKXDup9SESeaCLzaFCbM1pG9eNweUUmwZjNDEJbUHGvjCZIIaxNPfpmCW/G8mmuebzQaXq26Ik61vk6hUym7pu3+ptisZ3nk4BKu4Bpc8KAJd9CCNmAYwzO8wpvFrRfr3fpYtW5Z2cwFbMD6/AHfmI5D</latexit>

The answer is yes, but this new meson, the AXION, can be veeery light and veeeery weakly interacting!



The axion mass and mixing with pion
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- Introduce                          , the mass matrix in the basis (⇡3, ⌘
0,� = ✓�fa)
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neutral sector potential
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- Easier if we integrate out eta' ⌘0(x) = ⌘0(x) + ��(x) = 0
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The relevant case is



Some axion couplings

- The axion model presented is the simplest, it is called HADRONIC because the axions gets all its couplings to  
the SM particles through the GGtilde term, and through it, by mixing with the mesons

- How does it work?

Any meson coupling in the axion-less theory converts into a coupling of meson+O(beta)axion
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two photon coupling through  eta' and pi:
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Spoiling the mechanism?

neutral sector potential
Vmesons = �muv

3 cos(✓0 + ✓3)�mdv
3 cos(✓0 � ✓3)� ⇤4 cos(✓ + 2✓0 + ✓�)
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- two VEVs cannot be adjusted to absolutely minimise 3 terms in the potential

- Postulate another Goldstone boson coupling to GGtilde ... its VEV also contributes to the "effective" theta!

- The axion must be the Goldstone boson of a U(1)_A symmetry spontaneously broken
- Broken at the quantum level by the color anomaly 
- not explicitly broken by anything else!!!!

- Global symmetries tend to be broken one way or the other (Ultimately... quantum gravity? black hole no-hair?)

- How small or fine-tuned has to allow axions to solve strong CP ?

(almost already solved! is like the eta case with a different f!)

exercise!
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- Mechanisms to save the axion? Gauge symmetry, discrete symmetries, Dvalon?



- Add one (heavy) quark Q and a new complex scalar with MH potential

Simple model (KSVZ)
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integrate out heavy fields
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h⇢i = fa, Q̃ = 0
<latexit sha1_base64="AJPCFNqItKVPQB5hBrvsIrMPzNc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAguRBJrqV0URDcuLdgHNCFMpjft4GQSZiZCKa7d+CtuXCji1i9w5984TYv4OjBwOOdc7twTppwp7Tgf1szs3PzCYmGpuLyyurZub2y2VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdnh9PvbbNyAVS8SVHqbgx6QvWMQo0UYK7B2PE9Hn4MlB4smc1qOAHHia8R7gRt0J7JJz6OTAf4k7JSU0xWVgv3u9hGYxCE05UarrOqn2R0RqRjncFr1MQUroNelD11BBYlD+KD/lFu8ZpYejRJonNM7V7xMjEis1jEOTjIkeqN/eWPzP62Y6OvFHTKSZBkEni6KMY53gcS+4xyRQzYeGECqZ+SumAyIJ1aa9Yl6Ce1StVlxze61Wq1bKE+KUT75KaB0duibWOC6dnk3rKKBttIv2kYuq6BRdoEvURBTdoQf0hJ6te+vRerFeJ9EZazqzhX7AevsEq5GafQ==</latexit><latexit sha1_base64="AJPCFNqItKVPQB5hBrvsIrMPzNc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAguRBJrqV0URDcuLdgHNCFMpjft4GQSZiZCKa7d+CtuXCji1i9w5984TYv4OjBwOOdc7twTppwp7Tgf1szs3PzCYmGpuLyyurZub2y2VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdnh9PvbbNyAVS8SVHqbgx6QvWMQo0UYK7B2PE9Hn4MlB4smc1qOAHHia8R7gRt0J7JJz6OTAf4k7JSU0xWVgv3u9hGYxCE05UarrOqn2R0RqRjncFr1MQUroNelD11BBYlD+KD/lFu8ZpYejRJonNM7V7xMjEis1jEOTjIkeqN/eWPzP62Y6OvFHTKSZBkEni6KMY53gcS+4xyRQzYeGECqZ+SumAyIJ1aa9Yl6Ce1StVlxze61Wq1bKE+KUT75KaB0duibWOC6dnk3rKKBttIv2kYuq6BRdoEvURBTdoQf0hJ6te+vRerFeJ9EZazqzhX7AevsEq5GafQ==</latexit><latexit sha1_base64="AJPCFNqItKVPQB5hBrvsIrMPzNc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAguRBJrqV0URDcuLdgHNCFMpjft4GQSZiZCKa7d+CtuXCji1i9w5984TYv4OjBwOOdc7twTppwp7Tgf1szs3PzCYmGpuLyyurZub2y2VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdnh9PvbbNyAVS8SVHqbgx6QvWMQo0UYK7B2PE9Hn4MlB4smc1qOAHHia8R7gRt0J7JJz6OTAf4k7JSU0xWVgv3u9hGYxCE05UarrOqn2R0RqRjncFr1MQUroNelD11BBYlD+KD/lFu8ZpYejRJonNM7V7xMjEis1jEOTjIkeqN/eWPzP62Y6OvFHTKSZBkEni6KMY53gcS+4xyRQzYeGECqZ+SumAyIJ1aa9Yl6Ce1StVlxze61Wq1bKE+KUT75KaB0duibWOC6dnk3rKKBttIv2kYuq6BRdoEvURBTdoQf0hJ6te+vRerFeJ9EZazqzhX7AevsEq5GafQ==</latexit><latexit sha1_base64="AJPCFNqItKVPQB5hBrvsIrMPzNc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAguRBJrqV0URDcuLdgHNCFMpjft4GQSZiZCKa7d+CtuXCji1i9w5984TYv4OjBwOOdc7twTppwp7Tgf1szs3PzCYmGpuLyyurZub2y2VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdnh9PvbbNyAVS8SVHqbgx6QvWMQo0UYK7B2PE9Hn4MlB4smc1qOAHHia8R7gRt0J7JJz6OTAf4k7JSU0xWVgv3u9hGYxCE05UarrOqn2R0RqRjncFr1MQUroNelD11BBYlD+KD/lFu8ZpYejRJonNM7V7xMjEis1jEOTjIkeqN/eWPzP62Y6OvFHTKSZBkEni6KMY53gcS+4xyRQzYeGECqZ+SumAyIJ1aa9Yl6Ce1StVlxze61Wq1bKE+KUT75KaB0duibWOC6dnk3rKKBttIv2kYuq6BRdoEvURBTdoQf0hJ6te+vRerFeJ9EZazqzhX7AevsEq5GafQ==</latexit><latexit sha1_base64="AJPCFNqItKVPQB5hBrvsIrMPzNc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAguRBJrqV0URDcuLdgHNCFMpjft4GQSZiZCKa7d+CtuXCji1i9w5984TYv4OjBwOOdc7twTppwp7Tgf1szs3PzCYmGpuLyyurZub2y2VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdnh9PvbbNyAVS8SVHqbgx6QvWMQo0UYK7B2PE9Hn4MlB4smc1qOAHHia8R7gRt0J7JJz6OTAf4k7JSU0xWVgv3u9hGYxCE05UarrOqn2R0RqRjncFr1MQUroNelD11BBYlD+KD/lFu8ZpYejRJonNM7V7xMjEis1jEOTjIkeqN/eWPzP62Y6OvFHTKSZBkEni6KMY53gcS+4xyRQzYeGECqZ+SumAyIJ1aa9Yl6Ce1StVlxze61Wq1bKE+KUT75KaB0duibWOC6dnk3rKKBttIv2kYuq6BRdoEvURBTdoQf0hJ6te+vRerFeJ9EZazqzhX7AevsEq5GafQ==</latexit><latexit sha1_base64="AJPCFNqItKVPQB5hBrvsIrMPzNc=">AAACCnicbVDLSsNAFJ34rPUVdelmtAguRBJrqV0URDcuLdgHNCFMpjft4GQSZiZCKa7d+CtuXCji1i9w5984TYv4OjBwOOdc7twTppwp7Tgf1szs3PzCYmGpuLyyurZub2y2VJJJCk2a8ER2QqKAMwFNzTSHTiqBxCGHdnh9PvbbNyAVS8SVHqbgx6QvWMQo0UYK7B2PE9Hn4MlB4smc1qOAHHia8R7gRt0J7JJz6OTAf4k7JSU0xWVgv3u9hGYxCE05UarrOqn2R0RqRjncFr1MQUroNelD11BBYlD+KD/lFu8ZpYejRJonNM7V7xMjEis1jEOTjIkeqN/eWPzP62Y6OvFHTKSZBkEni6KMY53gcS+4xyRQzYeGECqZ+SumAyIJ1aa9Yl6Ce1StVlxze61Wq1bKE+KUT75KaB0duibWOC6dnk3rKKBttIv2kYuq6BRdoEvURBTdoQf0hJ6te+vRerFeJ9EZazqzhX7AevsEq5GafQ==</latexit>

Exact U(1)_A symmetry                                                                (... but is color anomalous!)� ! ei↵� , Q ! ei�
5↵/2Q

<latexit sha1_base64="ohm7Gw6aZzBoBPEFaialfSUPPr8="></latexit><latexit sha1_base64="ohm7Gw6aZzBoBPEFaialfSUPPr8="></latexit><latexit sha1_base64="ohm7Gw6aZzBoBPEFaialfSUPPr8="></latexit><latexit sha1_base64="ohm7Gw6aZzBoBPEFaialfSUPPr8="></latexit><latexit sha1_base64="ohm7Gw6aZzBoBPEFaialfSUPPr8="></latexit><latexit sha1_base64="ohm7Gw6aZzBoBPEFaialfSUPPr8="></latexit>

This is called a Peccei-Quinn symmetry and will imply an axion in the LOW ENERGY THEORY
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<latexit sha1_base64="EJwYkdPKqM0E8LNWj9QwK+nOZyQ=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjPVMu2u6MZlC/YB7VAy6Z02NpMZkoxQSr/AjQtF3PpJ7vwb0+kgvg4EDuecS+49fsyZ0rb9YeXW1jc2t/LbhZ3dvf2D4uFRR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6PrT66XfvQepWCRu9SwGLyRjwQJGiTZSqzUsluyynQL/JU5GSihDc1h8H4wimoQgNOVEqb5jx9qbE6kZ5bAoDBIFMaFTMoa+oYKEoLx5uugCnxllhINImic0TtXvE3MSKjULfZMMiZ6o395S/M/rJzqoeXMm4kSDoKuPgoRjHeHl1XjEJFDNZ4YQKpnZFdMJkYRq000hLcGpuG7VMbfX63W3erEi9kXtq4ROpeyYWOuy1LjK6sijE3SKzpGDXNRAN6iJ2ogiQA/oCT1bd9aj9WK9rqI5K5s5Rj9gvX0C1XCNOQ==</latexit><latexit sha1_base64="EJwYkdPKqM0E8LNWj9QwK+nOZyQ=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjPVMu2u6MZlC/YB7VAy6Z02NpMZkoxQSr/AjQtF3PpJ7vwb0+kgvg4EDuecS+49fsyZ0rb9YeXW1jc2t/LbhZ3dvf2D4uFRR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6PrT66XfvQepWCRu9SwGLyRjwQJGiTZSqzUsluyynQL/JU5GSihDc1h8H4wimoQgNOVEqb5jx9qbE6kZ5bAoDBIFMaFTMoa+oYKEoLx5uugCnxllhINImic0TtXvE3MSKjULfZMMiZ6o395S/M/rJzqoeXMm4kSDoKuPgoRjHeHl1XjEJFDNZ4YQKpnZFdMJkYRq000hLcGpuG7VMbfX63W3erEi9kXtq4ROpeyYWOuy1LjK6sijE3SKzpGDXNRAN6iJ2ogiQA/oCT1bd9aj9WK9rqI5K5s5Rj9gvX0C1XCNOQ==</latexit><latexit sha1_base64="EJwYkdPKqM0E8LNWj9QwK+nOZyQ=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjPVMu2u6MZlC/YB7VAy6Z02NpMZkoxQSr/AjQtF3PpJ7vwb0+kgvg4EDuecS+49fsyZ0rb9YeXW1jc2t/LbhZ3dvf2D4uFRR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6PrT66XfvQepWCRu9SwGLyRjwQJGiTZSqzUsluyynQL/JU5GSihDc1h8H4wimoQgNOVEqb5jx9qbE6kZ5bAoDBIFMaFTMoa+oYKEoLx5uugCnxllhINImic0TtXvE3MSKjULfZMMiZ6o395S/M/rJzqoeXMm4kSDoKuPgoRjHeHl1XjEJFDNZ4YQKpnZFdMJkYRq000hLcGpuG7VMbfX63W3erEi9kXtq4ROpeyYWOuy1LjK6sijE3SKzpGDXNRAN6iJ2ogiQA/oCT1bd9aj9WK9rqI5K5s5Rj9gvX0C1XCNOQ==</latexit><latexit sha1_base64="EJwYkdPKqM0E8LNWj9QwK+nOZyQ=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjPVMu2u6MZlC/YB7VAy6Z02NpMZkoxQSr/AjQtF3PpJ7vwb0+kgvg4EDuecS+49fsyZ0rb9YeXW1jc2t/LbhZ3dvf2D4uFRR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6PrT66XfvQepWCRu9SwGLyRjwQJGiTZSqzUsluyynQL/JU5GSihDc1h8H4wimoQgNOVEqb5jx9qbE6kZ5bAoDBIFMaFTMoa+oYKEoLx5uugCnxllhINImic0TtXvE3MSKjULfZMMiZ6o395S/M/rJzqoeXMm4kSDoKuPgoRjHeHl1XjEJFDNZ4YQKpnZFdMJkYRq000hLcGpuG7VMbfX63W3erEi9kXtq4ROpeyYWOuy1LjK6sijE3SKzpGDXNRAN6iJ2ogiQA/oCT1bd9aj9WK9rqI5K5s5Rj9gvX0C1XCNOQ==</latexit><latexit sha1_base64="EJwYkdPKqM0E8LNWj9QwK+nOZyQ=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjPVMu2u6MZlC/YB7VAy6Z02NpMZkoxQSr/AjQtF3PpJ7vwb0+kgvg4EDuecS+49fsyZ0rb9YeXW1jc2t/LbhZ3dvf2D4uFRR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6PrT66XfvQepWCRu9SwGLyRjwQJGiTZSqzUsluyynQL/JU5GSihDc1h8H4wimoQgNOVEqb5jx9qbE6kZ5bAoDBIFMaFTMoa+oYKEoLx5uugCnxllhINImic0TtXvE3MSKjULfZMMiZ6o395S/M/rJzqoeXMm4kSDoKuPgoRjHeHl1XjEJFDNZ4YQKpnZFdMJkYRq000hLcGpuG7VMbfX63W3erEi9kXtq4ROpeyYWOuy1LjK6sijE3SKzpGDXNRAN6iJ2ogiQA/oCT1bd9aj9WK9rqI5K5s5Rj9gvX0C1XCNOQ==</latexit><latexit sha1_base64="EJwYkdPKqM0E8LNWj9QwK+nOZyQ=">AAAB6HicbVDLSgMxFM3UV62vqks3wSK4KjPVMu2u6MZlC/YB7VAy6Z02NpMZkoxQSr/AjQtF3PpJ7vwb0+kgvg4EDuecS+49fsyZ0rb9YeXW1jc2t/LbhZ3dvf2D4uFRR0WJpNCmEY9kzycKOBPQ1kxz6MUSSOhz6PrT66XfvQepWCRu9SwGLyRjwQJGiTZSqzUsluyynQL/JU5GSihDc1h8H4wimoQgNOVEqb5jx9qbE6kZ5bAoDBIFMaFTMoa+oYKEoLx5uugCnxllhINImic0TtXvE3MSKjULfZMMiZ6o395S/M/rJzqoeXMm4kSDoKuPgoRjHeHl1XjEJFDNZ4YQKpnZFdMJkYRq000hLcGpuG7VMbfX63W3erEi9kXtq4ROpeyYWOuy1LjK6sijE3SKzpGDXNRAN6iJ2ogiQA/oCT1bd9aj9WK9rqI5K5s5Rj9gvX0C1XCNOQ==</latexit>

L0 � L 3 @µ✓�(i
˜̄Q�µ�5Q̃)� ↵s

4⇡
G eG✓�

<latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="naAQAbLbB8rOPSBJgeka/yWQJ7M="></latexit><latexit sha1_base64="naAQAbLbB8rOPSBJgeka/yWQJ7M="></latexit><latexit sha1_base64="wS+zmDwoUTMAI5Z3AtfTzthiibg="></latexit><latexit sha1_base64="vtBSYUWhs2XHLg4D0H6fuI23vJw="></latexit><latexit sha1_base64="vtBSYUWhs2XHLg4D0H6fuI23vJw="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit><latexit sha1_base64="jqbA5j/5ob/urPtsRbZttfNrI5A="></latexit>

✓�(x)
<latexit sha1_base64="Va9SJWNemapL8RNIJzSqC3FbWfI=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSLUTUlaS9pd0Y3LCvYBTSyT6aQZOnkwc6OW0v9w40IRt/6LO//GaRrE14GBwznncu8cN+ZMgmF8aLmV1bX1jfxmYWt7Z3evuH/QlVEiCO2QiEei72JJOQtpBxhw2o8FxYHLac+dXCz83i0VkkXhNUxj6gR4HDKPEQxKurHBp4CHduyz8v3psFgyKkYK/S8xM1JCGdrD4rs9ikgS0BAIx1IOTCMGZ4YFMMLpvGAnksaYTPCYDhQNcUClM0uvnusnShnpXiTUC0FP1e8TMxxIOQ1clQww+PK3txD/8wYJeA1nxsI4ARqS5SIv4TpE+qICfcQEJcCnimAimLpVJz4WmIAqqpCWYFYtq26qvzebTateWxKj1vgqoVutmCp2dVZqnWd15NEROkZlZCILtdAlaqMOIkigB/SEnrU77VF70V6X0ZyWzRyiH9DePgFHBJKh</latexit><latexit sha1_base64="Va9SJWNemapL8RNIJzSqC3FbWfI=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSLUTUlaS9pd0Y3LCvYBTSyT6aQZOnkwc6OW0v9w40IRt/6LO//GaRrE14GBwznncu8cN+ZMgmF8aLmV1bX1jfxmYWt7Z3evuH/QlVEiCO2QiEei72JJOQtpBxhw2o8FxYHLac+dXCz83i0VkkXhNUxj6gR4HDKPEQxKurHBp4CHduyz8v3psFgyKkYK/S8xM1JCGdrD4rs9ikgS0BAIx1IOTCMGZ4YFMMLpvGAnksaYTPCYDhQNcUClM0uvnusnShnpXiTUC0FP1e8TMxxIOQ1clQww+PK3txD/8wYJeA1nxsI4ARqS5SIv4TpE+qICfcQEJcCnimAimLpVJz4WmIAqqpCWYFYtq26qvzebTateWxKj1vgqoVutmCp2dVZqnWd15NEROkZlZCILtdAlaqMOIkigB/SEnrU77VF70V6X0ZyWzRyiH9DePgFHBJKh</latexit><latexit sha1_base64="Va9SJWNemapL8RNIJzSqC3FbWfI=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSLUTUlaS9pd0Y3LCvYBTSyT6aQZOnkwc6OW0v9w40IRt/6LO//GaRrE14GBwznncu8cN+ZMgmF8aLmV1bX1jfxmYWt7Z3evuH/QlVEiCO2QiEei72JJOQtpBxhw2o8FxYHLac+dXCz83i0VkkXhNUxj6gR4HDKPEQxKurHBp4CHduyz8v3psFgyKkYK/S8xM1JCGdrD4rs9ikgS0BAIx1IOTCMGZ4YFMMLpvGAnksaYTPCYDhQNcUClM0uvnusnShnpXiTUC0FP1e8TMxxIOQ1clQww+PK3txD/8wYJeA1nxsI4ARqS5SIv4TpE+qICfcQEJcCnimAimLpVJz4WmIAqqpCWYFYtq26qvzebTateWxKj1vgqoVutmCp2dVZqnWd15NEROkZlZCILtdAlaqMOIkigB/SEnrU77VF70V6X0ZyWzRyiH9DePgFHBJKh</latexit><latexit sha1_base64="Va9SJWNemapL8RNIJzSqC3FbWfI=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSLUTUlaS9pd0Y3LCvYBTSyT6aQZOnkwc6OW0v9w40IRt/6LO//GaRrE14GBwznncu8cN+ZMgmF8aLmV1bX1jfxmYWt7Z3evuH/QlVEiCO2QiEei72JJOQtpBxhw2o8FxYHLac+dXCz83i0VkkXhNUxj6gR4HDKPEQxKurHBp4CHduyz8v3psFgyKkYK/S8xM1JCGdrD4rs9ikgS0BAIx1IOTCMGZ4YFMMLpvGAnksaYTPCYDhQNcUClM0uvnusnShnpXiTUC0FP1e8TMxxIOQ1clQww+PK3txD/8wYJeA1nxsI4ARqS5SIv4TpE+qICfcQEJcCnimAimLpVJz4WmIAqqpCWYFYtq26qvzebTateWxKj1vgqoVutmCp2dVZqnWd15NEROkZlZCILtdAlaqMOIkigB/SEnrU77VF70V6X0ZyWzRyiH9DePgFHBJKh</latexit><latexit sha1_base64="Va9SJWNemapL8RNIJzSqC3FbWfI=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSLUTUlaS9pd0Y3LCvYBTSyT6aQZOnkwc6OW0v9w40IRt/6LO//GaRrE14GBwznncu8cN+ZMgmF8aLmV1bX1jfxmYWt7Z3evuH/QlVEiCO2QiEei72JJOQtpBxhw2o8FxYHLac+dXCz83i0VkkXhNUxj6gR4HDKPEQxKurHBp4CHduyz8v3psFgyKkYK/S8xM1JCGdrD4rs9ikgS0BAIx1IOTCMGZ4YFMMLpvGAnksaYTPCYDhQNcUClM0uvnusnShnpXiTUC0FP1e8TMxxIOQ1clQww+PK3txD/8wYJeA1nxsI4ARqS5SIv4TpE+qICfcQEJcCnimAimLpVJz4WmIAqqpCWYFYtq26qvzebTateWxKj1vgqoVutmCp2dVZqnWd15NEROkZlZCILtdAlaqMOIkigB/SEnrU77VF70V6X0ZyWzRyiH9DePgFHBJKh</latexit><latexit sha1_base64="Va9SJWNemapL8RNIJzSqC3FbWfI=">AAAB9XicbVDLSsNAFJ3UV62vqks3wSLUTUlaS9pd0Y3LCvYBTSyT6aQZOnkwc6OW0v9w40IRt/6LO//GaRrE14GBwznncu8cN+ZMgmF8aLmV1bX1jfxmYWt7Z3evuH/QlVEiCO2QiEei72JJOQtpBxhw2o8FxYHLac+dXCz83i0VkkXhNUxj6gR4HDKPEQxKurHBp4CHduyz8v3psFgyKkYK/S8xM1JCGdrD4rs9ikgS0BAIx1IOTCMGZ4YFMMLpvGAnksaYTPCYDhQNcUClM0uvnusnShnpXiTUC0FP1e8TMxxIOQ1clQww+PK3txD/8wYJeA1nxsI4ARqS5SIv4TpE+qICfcQEJcCnimAimLpVJz4WmIAqqpCWYFYtq26qvzebTateWxKj1vgqoVutmCp2dVZqnWd15NEROkZlZCILtdAlaqMOIkigB/SEnrU77VF70V6X0ZyWzRyiH9DePgFHBJKh</latexit>

N heavy quarks



- Peccei-Quinn symmetry, color anomalous, spontaneously broken at fa

Simple model KSVZ
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more on couplings
- Shift symmetry                            allows some generic types of interactions allowed in HE theory
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- Colour anomaly breaks explicitly shift symmetry -> axion mass + interactions (EDM+...)
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Models old and new, ALPs
- NGB models,  hadronic, 2HDMs, families, axi-majorons… 

a recent selection from arXiv:1801.08127

- Axions and axion-like particles are generic in BSM (not necessarily guaranteed!)

pseudo Goldstone Bosons

- Global symmetry spontaneously broken 

stringy axions

- Im parts of moduli fields (control sizes) 

�(x) = ⇢(x)ei✓(x)

- O(100) candidates in typical compactifications 
- masses from non-perturbative effects
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Bounds and hints from astrophysics

Tip of the Red Giant branch (M5)

- Axions emitted from stellar cores accelerate stellar evolution 
- Too much cooling is strongly excluded (obs. vs. simulations) 
- Some systems improve with additional axion cooling! 

White dwarf luminosity function

HB stars in globular clusters

Neutron Star CAS A
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Dark Matters



- axion field relaxes to minimum & oscillates (DARK MATTER!), damping due to expansion of the Universe

Axions and dark matter
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