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Strong CP Problem and Massless Quarks
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Under a chiral rotation:
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➡      can be removed by field redefinition
➡ No longer physical
➡ Strong CP Problem solved
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Axicolor
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Massless quark content 
❖ Add a massless quark and a 

new gauge group

⇤̃ >> ⇤QCD

K. Choi, J. E. Kim, “Dynamical Axion,” Phys. Rev. D32 (1985)

❖ When               confines,     forms bound states SU(Ñ)  ⇠ ⇤̃

❖ Problem: The new group has its own CP violating angle

❖ Solution:  Absorb      with a new massless quark
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Axicolor

�5

❖ When               confines:SU(Ñ)

SU(4)L ⇥ SU(4)R ! SU(4)V
<latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit><latexit sha1_base64="D7Qdcu3NE7dw/N6kv0HcAlQMhhc=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCGVpUpQJRgrWBgYyiNtpSaKHNdprToP2TdIVdWZhV9hYQAhVr6Ajb/BbTNAy5EsnXvOvbq+J0gFV2BZ30ZhaXllda24XtrY3NreMXf3mirJJGUOTUQi2wFRTPCYOcBBsHYqGYkCwVrB4HLitx6YVDyJ72GYMi8ivZiHnBLQkm8e3jmV2ol/7QKPmMKz6ha7kOS86Ztlq2pNgReJnZMyytHwzS+3m9AsYjFQQZTq2FYK3ohI4FSwccnNFEsJHZAe62gaE73YG01PGeNjrXRxmEj9YsBT9ffEiERKDaNAd0YE+mrem4j/eZ0MwnNvxOM0AxbT2aIwE1gfOskFd7lkFMRQE0Il13/FtE8koaDTK+kQ7PmTF0nztGpbVfumVq5f5HEU0QE6QhVkozNUR1eogRxE0SN6Rq/ozXgyXox342PWWjDymX30B8bnD6C+l6o=</latexit>

15 = 8 + 3 + 3̄ + 1
<latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit><latexit sha1_base64="aTg3m096g5EI6nbtir436Nrr8+E=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYBEEoE6vYjVB047KCvUA7lEyaaUMzF5KMUIbixldx40IRtz6FO9/GtJ2Ftv5w4OM/55Cc34sFV9pxvq3c0vLK6lp+vbCxubW9Y+/uNVSUSMrqNBKRbHlEMcFDVtdcC9aKJSOBJ1jTG95M+s0HJhWPwns9ipkbkH7IfU6JNlbXPsAX6ApV0Ckqm+p4RKblsSGMunbRKTlToUXAGRQhU61rf3V6EU0CFmoqiFJt7MTaTYnUnAo2LnQSxWJCh6TP2gZDEjDlptMTxujYOD3kR9JUqNHU/b2RkkCpUeCZyYDogZrvTcz/eu1E+xU35WGcaBbS2UN+IpCO0CQP1OOSUS1GBgiV3PwV0QGRhGqTWsGEgOdPXoTGWQk7JXx3XqxeZ3Hk4RCO4AQwXEIVbqEGdaDwCM/wCm/Wk/VivVsfs9Gcle3swx9Znz/gbpNB</latexit>

Massless quark content❖ Add another massless quark      
.     charged under �

<latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit><latexit sha1_base64="TwKQu5I6W5bc9HOXn7rGty6B3x4=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeiF48VbC20S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8ra+sbmVnW7trO7t39QPzzqmiTTlHVoIhLdC4lhgivWsdwK1ks1IzIU7DGc3Bb+4xPThifqwU5TFkgyVjzilNhCGtCYD+sNr+nNgVeJX5IGlGgP61+DUUIzyZSlghjT973UBjnRllPBZrVBZlhK6ISMWd9RRSQzQT6/dYbPnDLCUaJdKYvn6u+JnEhjpjJ0nZLY2Cx7hfif189sdB3kXKWZZYouFkWZwDbBxeN4xDWjVkwdIVRzdyumMdGEWhdPzYXgL7+8SroXTd9r+veXjdZNGUcVTuAUzsGHK2jBHbShAxRieIZXeEMSvaB39LForaBy5hj+AH3+AP+rjjI=</latexit>

SU(Ñ)

The       becomes the dynamical axion
❖ The decay constant is near the very high confinement scale
❖ This is then a UV completion for an invisible axion

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

�6

❖ Introduce massless fermion       to absorb ✓QCD
<latexit sha1_base64="I22Yp9TS5pIdO3EwgSFT6MrM9B0=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lE0GOxHjy2YD+gDWGznbRLNx/sTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8w8PxFcoW1/G4W19Y3NreJ2aWd3b//ALB+2VZxKBi0Wi1h2fapA8AhayFFAN5FAQ19Axx/XZ37nHqTicXSHkwTckA4jHnBGUUueWe7jCJB6fYRHzJr1m6lnVuyqPYe1SpycVEiOhmd+9QcxS0OIkAmqVM+xE3QzKpEzAdNSP1WQUDamQ+hpGtEQlJvNT59ap1oZWEEsdUVozdXfExkNlZqEvu4MKY7UsjcT//N6KQZXbsajJEWI2GJRkAoLY2uWgzXgEhiKiSaUSa5vtdiISspQp1XSITjLL6+S9nnVsatO86JSu87jKJJjckLOiEMuSY3ckgZpEUYeyDN5JW/Gk/FivBsfi9aCkc8ckT8wPn8AbVGUFw==</latexit><latexit sha1_base64="I22Yp9TS5pIdO3EwgSFT6MrM9B0=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lE0GOxHjy2YD+gDWGznbRLNx/sTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8w8PxFcoW1/G4W19Y3NreJ2aWd3b//ALB+2VZxKBi0Wi1h2fapA8AhayFFAN5FAQ19Axx/XZ37nHqTicXSHkwTckA4jHnBGUUueWe7jCJB6fYRHzJr1m6lnVuyqPYe1SpycVEiOhmd+9QcxS0OIkAmqVM+xE3QzKpEzAdNSP1WQUDamQ+hpGtEQlJvNT59ap1oZWEEsdUVozdXfExkNlZqEvu4MKY7UsjcT//N6KQZXbsajJEWI2GJRkAoLY2uWgzXgEhiKiSaUSa5vtdiISspQp1XSITjLL6+S9nnVsatO86JSu87jKJJjckLOiEMuSY3ckgZpEUYeyDN5JW/Gk/FivBsfi9aCkc8ckT8wPn8AbVGUFw==</latexit><latexit sha1_base64="I22Yp9TS5pIdO3EwgSFT6MrM9B0=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lE0GOxHjy2YD+gDWGznbRLNx/sTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8w8PxFcoW1/G4W19Y3NreJ2aWd3b//ALB+2VZxKBi0Wi1h2fapA8AhayFFAN5FAQ19Axx/XZ37nHqTicXSHkwTckA4jHnBGUUueWe7jCJB6fYRHzJr1m6lnVuyqPYe1SpycVEiOhmd+9QcxS0OIkAmqVM+xE3QzKpEzAdNSP1WQUDamQ+hpGtEQlJvNT59ap1oZWEEsdUVozdXfExkNlZqEvu4MKY7UsjcT//N6KQZXbsajJEWI2GJRkAoLY2uWgzXgEhiKiSaUSa5vtdiISspQp1XSITjLL6+S9nnVsatO86JSu87jKJJjckLOiEMuSY3ckgZpEUYeyDN5JW/Gk/FivBsfi9aCkc8ckT8wPn8AbVGUFw==</latexit><latexit sha1_base64="I22Yp9TS5pIdO3EwgSFT6MrM9B0=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0lE0GOxHjy2YD+gDWGznbRLNx/sTtQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8w8PxFcoW1/G4W19Y3NreJ2aWd3b//ALB+2VZxKBi0Wi1h2fapA8AhayFFAN5FAQ19Axx/XZ37nHqTicXSHkwTckA4jHnBGUUueWe7jCJB6fYRHzJr1m6lnVuyqPYe1SpycVEiOhmd+9QcxS0OIkAmqVM+xE3QzKpEzAdNSP1WQUDamQ+hpGtEQlJvNT59ap1oZWEEsdUVozdXfExkNlZqEvu4MKY7UsjcT//N6KQZXbsajJEWI2GJRkAoLY2uWgzXgEhiKiSaUSa5vtdiISspQp1XSITjLL6+S9nnVsatO86JSu87jKJJjckLOiEMuSY3ckgZpEUYeyDN5JW/Gk/FivBsfi9aCkc8ckT8wPn8AbVGUFw==</latexit>

 
<latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit>

❖ Introduce a new gauge group to allow      to form bound states 
near its confinement  ~TeV

 
<latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit><latexit sha1_base64="95pgIJ6g9hUCMFVTpxtkl5tvDUE=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NJlmyu3fszgnhyF+wsVDE1j9k579xL7lCEx8MPN6bYWZelEhh0fe/vdLa+sbmVnm7srO7t39QPTxq2zg1jLdYLGPTiajlUmjeQoGSdxLDqYokf4wmt7n/+MSNFbF+wGnCQ0VHWgwFo5hLvaYV/WrNr/tzkFUSFKQGBZr96ldvELNUcY1MUmu7gZ9gmFGDgkk+q/RSyxPKJnTEu45qqrgNs/mtM3LmlAEZxsaVRjJXf09kVFk7VZHrVBTHdtnLxf+8borD6zATOkmRa7ZYNEwlwZjkj5OBMJyhnDpCmRHuVsLG1FCGLp6KCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILGIzhGV7hzVPei/fufSxaS14xcwx/4H3+APNwjio=</latexit>

❖ The new confining gauge group will be related to QCD through 
unification T. Ghergetta, N. Nagata, M. Shifman, “A 

Visible Axion from an Enlarged Color 
Group,” Phys. Rev. D93 (2016)

m = 0
<latexit sha1_base64="H5iXWxUKcHq9F7TQxdrJZW+6QzU=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvs5cs2d07dueEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9Ki6nboV5Ir43XLFr/ozkGUS5KQCOerd8lenl7BMcY1MUmvbgZ9iOKYGBZN8UupklqeUDWmftx3VVHEbjmcXT8iJU3okTowrjWSm/p4YU2XtSEWuU1Ec2EVvKv7ntTOML8Ox0GmGXLP5ojiTBBMyfZ/0hOEM5cgRyoxwtxI2oIYydCGVXAjB4svLpHlWDfxqcHdeqV3ncRThCI7hFAK4gBrcQh0awEDDM7zCm2e9F+/d+5i3Frx85hD+wPv8ARqRj98=</latexit><latexit sha1_base64="H5iXWxUKcHq9F7TQxdrJZW+6QzU=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvs5cs2d07dueEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9Ki6nboV5Ir43XLFr/ozkGUS5KQCOerd8lenl7BMcY1MUmvbgZ9iOKYGBZN8UupklqeUDWmftx3VVHEbjmcXT8iJU3okTowrjWSm/p4YU2XtSEWuU1Ec2EVvKv7ntTOML8Ox0GmGXLP5ojiTBBMyfZ/0hOEM5cgRyoxwtxI2oIYydCGVXAjB4svLpHlWDfxqcHdeqV3ncRThCI7hFAK4gBrcQh0awEDDM7zCm2e9F+/d+5i3Frx85hD+wPv8ARqRj98=</latexit><latexit sha1_base64="H5iXWxUKcHq9F7TQxdrJZW+6QzU=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvs5cs2d07dueEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9Ki6nboV5Ir43XLFr/ozkGUS5KQCOerd8lenl7BMcY1MUmvbgZ9iOKYGBZN8UupklqeUDWmftx3VVHEbjmcXT8iJU3okTowrjWSm/p4YU2XtSEWuU1Ec2EVvKv7ntTOML8Ox0GmGXLP5ojiTBBMyfZ/0hOEM5cgRyoxwtxI2oIYydCGVXAjB4svLpHlWDfxqcHdeqV3ncRThCI7hFAK4gBrcQh0awEDDM7zCm2e9F+/d+5i3Frx85hD+wPv8ARqRj98=</latexit><latexit sha1_base64="H5iXWxUKcHq9F7TQxdrJZW+6QzU=">AAAB8XicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0EYI2lhGMDGYHGFvs5cs2d07dueEEPIvbCwUsfXf2Plv3CRXaOKDgcd7M8zMi1IpLPr+t1dYWV1b3yhulra2d3b3yvsHTZtkhvEGS2RiWhG1XArNGyhQ8lZqOFWR5A/R8GbqPzxxY0Wi73GU8lDRvhaxYBSd9Ki6nboV5Ir43XLFr/ozkGUS5KQCOerd8lenl7BMcY1MUmvbgZ9iOKYGBZN8UupklqeUDWmftx3VVHEbjmcXT8iJU3okTowrjWSm/p4YU2XtSEWuU1Ec2EVvKv7ntTOML8Ox0GmGXLP5ojiTBBMyfZ/0hOEM5cgRyoxwtxI2oIYydCGVXAjB4svLpHlWDfxqcHdeqV3ncRThCI7hFAK4gBrcQh0awEDDM7zCm2e9F+/d+5i3Frx85hD+wPv8ARqRj98=</latexit>

❖ This will be an alternative to axicolor:
❖ Different phenomenology
❖ More freedom in               parameter spacema, fa

<latexit sha1_base64="QKdVvgW5eDIbHAkWOr41q3i+xRs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhDWGy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yRVmLJiJRnRA1EzxmLcONYJ1UMZShYA/h6GbqPzwxpXkS35txynyJg5hHnKKxUkcGeEaiAINqza27M5Bl4hWkBgWaQfWr109oJllsqECtu56bGj9HZTgVbFLpZZqlSEc4YF1LY5RM+/ns3gk5sUqfRImyFRsyU39P5Ci1HsvQdko0Q73oTcX/vG5mois/53GaGRbT+aIoE8QkZPo86XPFqBFjS5Aqbm8ldIgKqbERVWwI3uLLy6R9Xvfcund3UWtcF3GU4QiO4RQ8uIQG3EITWkBBwDO8wpvz6Lw4787HvLXkFDOH8AfO5w81W49p</latexit><latexit sha1_base64="QKdVvgW5eDIbHAkWOr41q3i+xRs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhDWGy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yRVmLJiJRnRA1EzxmLcONYJ1UMZShYA/h6GbqPzwxpXkS35txynyJg5hHnKKxUkcGeEaiAINqza27M5Bl4hWkBgWaQfWr109oJllsqECtu56bGj9HZTgVbFLpZZqlSEc4YF1LY5RM+/ns3gk5sUqfRImyFRsyU39P5Ci1HsvQdko0Q73oTcX/vG5mois/53GaGRbT+aIoE8QkZPo86XPFqBFjS5Aqbm8ldIgKqbERVWwI3uLLy6R9Xvfcund3UWtcF3GU4QiO4RQ8uIQG3EITWkBBwDO8wpvz6Lw4787HvLXkFDOH8AfO5w81W49p</latexit><latexit sha1_base64="QKdVvgW5eDIbHAkWOr41q3i+xRs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhDWGy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yRVmLJiJRnRA1EzxmLcONYJ1UMZShYA/h6GbqPzwxpXkS35txynyJg5hHnKKxUkcGeEaiAINqza27M5Bl4hWkBgWaQfWr109oJllsqECtu56bGj9HZTgVbFLpZZqlSEc4YF1LY5RM+/ns3gk5sUqfRImyFRsyU39P5Ci1HsvQdko0Q73oTcX/vG5mois/53GaGRbT+aIoE8QkZPo86XPFqBFjS5Aqbm8ldIgKqbERVWwI3uLLy6R9Xvfcund3UWtcF3GU4QiO4RQ8uIQG3EITWkBBwDO8wpvz6Lw4787HvLXkFDOH8AfO5w81W49p</latexit><latexit sha1_base64="QKdVvgW5eDIbHAkWOr41q3i+xRs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD0WvXisYGuhDWGy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzwlRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yRVmLJiJRnRA1EzxmLcONYJ1UMZShYA/h6GbqPzwxpXkS35txynyJg5hHnKKxUkcGeEaiAINqza27M5Bl4hWkBgWaQfWr109oJllsqECtu56bGj9HZTgVbFLpZZqlSEc4YF1LY5RM+/ns3gk5sUqfRImyFRsyU39P5Ci1HsvQdko0Q73oTcX/vG5mois/53GaGRbT+aIoE8QkZPo86XPFqBFjS5Aqbm8ldIgKqbERVWwI3uLLy6R9Xvfcund3UWtcF3GU4QiO4RQ8uIQG3EITWkBBwDO8wpvz6Lw4787HvLXkFDOH8AfO5w81W49p</latexit>
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Color Unification with a Massless Quark
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SU(6)
⇤CUT����! SU(3)c ⇥ SU(3̃)⇥ U(1)

<latexit sha1_base64="LXioBGA9joK7zaY8+Zk2pikZE04="></latexit><latexit sha1_base64="LXioBGA9joK7zaY8+Zk2pikZE04="></latexit><latexit sha1_base64="LXioBGA9joK7zaY8+Zk2pikZE04="></latexit>

 
❖ The massless quark to absorb 

the unified group’s ✓6
<latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit><latexit sha1_base64="v93DBrqRYZ6uiuZeSaTXsX/Z0D0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFWwttKJvtpF262cTdiVBK/4QXD4p49e9489+4bXPQ1gcDj/dmmJkXplIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJsk0xwZPZKJbITMohcIGCZLYSjWyOJT4EA5vpv7DE2ojEnVPoxSDmPWViARnZKVWhwZIrHvRLVe8qjeDu0z8nFQgR71b/ur0Ep7FqIhLZkzb91IKxkyT4BInpU5mMGV8yPrYtlSxGE0wnt07cU+s0nOjRNtS5M7U3xNjFhszikPbGTMamEVvKv7ntTOKroKxUGlGqPh8UZRJlxJ3+rzbExo5yZEljGthb3X5gGnGyUZUsiH4iy8vk+ZZ1feq/t15pXadx1GEIziGU/DhEmpwC3VoAAcJz/AKb86j8+K8Ox/z1oKTzxzCHzifP9T7j9E=</latexit>

❖ Below unification scale:

 

 (20) ! (1, 1)(�3) + (1, 1)(+3) + (3, 3̄)(�1) + (3̄, 3)(+1)
<latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit>

 (20) ! (1, 1)(�3) + (1, 1)(+3) + (3, 3̄)(�1) + (3̄, 3)(+1)
<latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit><latexit sha1_base64="cmeKtBd4rB8875yBooi23RwnNck="></latexit>
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⇤CUT����!
<latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit><latexit sha1_base64="9uNwJkZnYllFABspith4CLa/01c=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQlCgrGiCwNDkfqSmipyHLe16jiRfQOtos4s/AoLAwix8gVs/A3uY4CWI1k6OuceXd8TJIJrcJxvK7eyura+kd8sbG3v7O7Z+wcNHaeKsjqNRaxaAdFMcMnqwEGwVqIYiQLBmsGgMvGb90xpHssajBLWiUhP8i6nBIzk28feUPFeH4hS8UOGvVsTDYnvARtCVqnXxmPfLjolZwq8TNw5KaI5qr795YUxTSMmgQqiddt1EuhkRAGngo0LXqpZQuiA9FjbUEkipjvZ9JQxPjVKiLuxMk8Cnqq/ExmJtB5FgZmMCPT1ojcR//PaKXSvOhmXSQpM0tmibiowxHjSCw65YhTEyBBCFTd/xbRPFKFg2iuYEtzFk5dJ47zkOiX37qJYvp7XkUdH6ASdIRddojK6QVVURxQ9omf0it6sJ+vFerc+ZqM5a545RH9gff4AJmqbKw==</latexit>

}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

Goal: provide a 
mechanism for 
these fields to 
form mass terms

SU(6)
⇤CUT����! SU(3)c ⇥ SU(3̃)⇥ U(1)

<latexit sha1_base64="LXioBGA9joK7zaY8+Zk2pikZE04="></latexit><latexit sha1_base64="LXioBGA9joK7zaY8+Zk2pikZE04="></latexit><latexit sha1_base64="LXioBGA9joK7zaY8+Zk2pikZE04="></latexit>
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SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>













}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

These fields pair up with the 
tilde fields to form masses

Scalar field responsible for CUT breaking
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SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>

}
<latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit><latexit sha1_base64="RlH2tdjr0xMRC8QkwnZnHd0h1Fs=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoTftu1Wv5s1BVolfkCoUaPTdr94gYVnMFTJJjen6XopBTjUKJvm00ssMTykb0yHvWqpozE2Qzy+dkjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T+vm2F0HeRCpRlyxRaLokwSTMjsbTIQmjOUE0so08LeStiIasrQhlOxIfjLL6+S1kXN92r+/WW1flPEUYYTOIVz8OEK6nAHDWgCgwie4RXenLHz4rw7H4vWklPMHMMfOJ8/noyNZw==</latexit>

Obtain mass 
near the 
CUT 
breaking 
scale

Massless 
quark sector

Prime 
sector
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1

↵diag(µ)
=

1

↵6(µ)
+

1

↵0(µ)
<latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit><latexit sha1_base64="G65DV/tB7o5BfoZ2NmuLf/3zew4="></latexit>

µ = ⇤CUT
<latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit><latexit sha1_base64="fGnJY22XdvTOntTcB2eehliguh8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh2I0LFxWattCEMJlM2qGTSZiZCDUUf8WNC0Xc+h/u/BsnbRbaemDgcM493DsnSBmVyrK+jcrK6tr6RnWztrW9s7tn7h90ZZIJTBycsET0AyQJo5w4iipG+qkgKA4Y6QXjVuH3HoiQNOEdNUmJF6MhpxHFSGnJN4/cOIPX0L3TkRD5ecvpTGu+Wbca1gxwmdglqYMSbd/8csMEZzHhCjMk5cC2UuXlSCiKGZnW3EySFOExGpKBphzFRHr57PopPNVKCKNE6McVnKm/EzmKpZzEgZ6MkRrJRa8Q//MGmYquvJzyNFOE4/miKGNQJbCoAoZUEKzYRBOEBdW3QjxCAmGlCytKsBe/vEy65w3batj3F/XmTVlHFRyDE3AGbHAJmuAWtIEDMHgEz+AVvBlPxovxbnzMRytGmTkEf2B8/gC5C5QY</latexit>

↵c(⇤CUT ) = ↵6(⇤CUT )
<latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit><latexit sha1_base64="WZAAjen8+aiATFvTKh3BZtARqUA=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAixCbsqaiME01hYRMgmgeyy3J1MkiGzD2ZmhbDkQ2z8FRsLRWwsBP/GSbKFJh4YOJxzD3fuCRLOpLKsb2NpeWV1bb2wUdzc2t7ZNff2mzJOBaEOiXks2gFIyllEHcUUp+1EUAgDTlvBsDbxWw9USBZHDTVKqBdCP2I9RkBpyTfPXODJAHyCy+6djnXBz2pOY3yCr3FuXcxbvlmyKtYUeJHYOSmhHHXf/HS7MUlDGinCQcqObSXKy0AoRjgdF91U0gTIEPq0o2kEIZVeNj1ujI+10sW9WOgXKTxVfycyCKUchYGeDEEN5Lw3Ef/zOqnqXXkZi5JU0YjMFvVSjlWMJ03hLhOUKD7SBIhg+q+YDEAAUbrPoi7Bnj95kTRPK7ZVse/PS9WbvI4COkRHqIxsdImq6BbVkYMIekTP6BW9GU/Gi/FufMxGl4w8c4D+wPj6Abw5n+M=</latexit>

 

 

SU(6)⇥ SU(30)
⇤CUT����! SU(3)c ⇥ SU(3)diag

<latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit><latexit sha1_base64="9ES9WAuNEzG1sixyNYJ5b2rFTGA="></latexit>

The new massless quark

 

❖ Goal:                 confines at a higher scale thanSU(3)diag
<latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit><latexit sha1_base64="1yapjTkI2ZpOVBj6HaHCXKkkhpc=">AAAB+nicbVBNS8NAEN34WetXqkcvi0Wol5KooMeiF48VTVtoQ9hsNu3SzQe7E7XE/hQvHhTx6i/x5r9x2+agrQ8GHu/NMDPPTwVXYFnfxtLyyuraemmjvLm1vbNrVvZaKskkZQ5NRCI7PlFM8Jg5wEGwTioZiXzB2v7wauK375lUPInvYJQyNyL9mIecEtCSZ1ZundrpsdcD9gh5wEl/7JlVq25NgReJXZAqKtD0zK9ekNAsYjFQQZTq2lYKbk4kcCrYuNzLFEsJHZI+62oak4gpN5+ePsZHWglwmEhdMeCp+nsiJ5FSo8jXnRGBgZr3JuJ/XjeD8MLNeZxmwGI6WxRmAkOCJznggEtGQYw0IVRyfSumAyIJBZ1WWYdgz7+8SFondduq2zdn1cZlEUcJHaBDVEM2OkcNdI2ayEEUPaBn9IrejCfjxXg3PmatS0Yxs4/+wPj8AZK2k44=</latexit>

SU(3)c
<latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit><latexit sha1_base64="xjnfr04Kz7CuEP4SvLLI+V4EYHs=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lU0GPRi8eKpi20oWy2k3bpZhN2N0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemAqujet+Oyura+sbm4Wt4vbO7t5+6eCwoZNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4O/WbT6g0T+SjGaUYxLQvecQZNVZqPviVi7Mu65bKbtWdgSwTLydlyFHvlr46vYRlMUrDBNW67bmpCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7d0JOrdIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10HYy7TzKBk80VRJohJyPR30uMKmREjSyhT3N5K2IAqyoxNqGhD8BZfXiaN86rnVr37y3LtJo+jAMdwAhXw4ApqcAd18IHBEJ7hFd6c1Hlx3p2PeeuKk88cwR84nz8ASI6u</latexit>
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Unification and Confinement
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m2(8c) ⇡
9↵c

4⇡
⇤2
diag

<latexit sha1_base64="aT0so4dKhqGt3sASzu0wx9hLpDA="></latexit><latexit sha1_base64="aT0so4dKhqGt3sASzu0wx9hLpDA="></latexit><latexit sha1_base64="aT0so4dKhqGt3sASzu0wx9hLpDA="></latexit><latexit sha1_base64="aT0so4dKhqGt3sASzu0wx9hLpDA="></latexit>

 Confinement

�13

16 = 8c + 3̄c + 3c + 1c + 1c
<latexit sha1_base64="UCA6OPBCx1TEUwSVwq1zO2yZWS8=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUCZWtBuh6MZlBfuAdhgyaaYNzWSGJCOUoX/gxl9x40IRt27d+Tem0xG09UAuh3Pu5eYeP+ZMacf5shYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD3xW/dUKhaJOz2KqRvivmABI1gbybOP0Dm8hFWPwBPY9bFMK+OMV7KKfqpnl5yykwHOE5STEshR9+zPbi8iSUiFJhwr1UFOrN0US80Ip+NiN1E0xmSI+7RjqMAhVW6a3TOGh0bpwSCS5gkNM/X3RIpDpUahbzpDrAdq1puI/3mdRAdVN2UiTjQVZLooSDjUEZyEA3tMUqL5yBBMJDN/hWSAJSbaRFg0IaDZk+dJ87SMnDK6PSvVrvI4CmAfHIBjgMAFqIEbUAcNQMADeAIv4NV6tJ6tN+t92rpg5TN74A+sj2+4I5gK</latexit><latexit sha1_base64="UCA6OPBCx1TEUwSVwq1zO2yZWS8=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUCZWtBuh6MZlBfuAdhgyaaYNzWSGJCOUoX/gxl9x40IRt27d+Tem0xG09UAuh3Pu5eYeP+ZMacf5shYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD3xW/dUKhaJOz2KqRvivmABI1gbybOP0Dm8hFWPwBPY9bFMK+OMV7KKfqpnl5yykwHOE5STEshR9+zPbi8iSUiFJhwr1UFOrN0US80Ip+NiN1E0xmSI+7RjqMAhVW6a3TOGh0bpwSCS5gkNM/X3RIpDpUahbzpDrAdq1puI/3mdRAdVN2UiTjQVZLooSDjUEZyEA3tMUqL5yBBMJDN/hWSAJSbaRFg0IaDZk+dJ87SMnDK6PSvVrvI4CmAfHIBjgMAFqIEbUAcNQMADeAIv4NV6tJ6tN+t92rpg5TN74A+sj2+4I5gK</latexit><latexit sha1_base64="UCA6OPBCx1TEUwSVwq1zO2yZWS8=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUCZWtBuh6MZlBfuAdhgyaaYNzWSGJCOUoX/gxl9x40IRt27d+Tem0xG09UAuh3Pu5eYeP+ZMacf5shYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD3xW/dUKhaJOz2KqRvivmABI1gbybOP0Dm8hFWPwBPY9bFMK+OMV7KKfqpnl5yykwHOE5STEshR9+zPbi8iSUiFJhwr1UFOrN0US80Ip+NiN1E0xmSI+7RjqMAhVW6a3TOGh0bpwSCS5gkNM/X3RIpDpUahbzpDrAdq1puI/3mdRAdVN2UiTjQVZLooSDjUEZyEA3tMUqL5yBBMJDN/hWSAJSbaRFg0IaDZk+dJ87SMnDK6PSvVrvI4CmAfHIBjgMAFqIEbUAcNQMADeAIv4NV6tJ6tN+t92rpg5TN74A+sj2+4I5gK</latexit><latexit sha1_base64="UCA6OPBCx1TEUwSVwq1zO2yZWS8=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUCZWtBuh6MZlBfuAdhgyaaYNzWSGJCOUoX/gxl9x40IRt27d+Tem0xG09UAuh3Pu5eYeP+ZMacf5shYWl5ZXVgtrxfWNza1te2e3qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/eD3xW/dUKhaJOz2KqRvivmABI1gbybOP0Dm8hFWPwBPY9bFMK+OMV7KKfqpnl5yykwHOE5STEshR9+zPbi8iSUiFJhwr1UFOrN0US80Ip+NiN1E0xmSI+7RjqMAhVW6a3TOGh0bpwSCS5gkNM/X3RIpDpUahbzpDrAdq1puI/3mdRAdVN2UiTjQVZLooSDjUEZyEA3tMUqL5yBBMJDN/hWSAJSbaRFg0IaDZk+dJ87SMnDK6PSvVrvI4CmAfHIBjgMAFqIEbUAcNQMADeAIv4NV6tJ6tN+t92rpg5TN74A+sj2+4I5gK</latexit>

U(4)L ⇥ U(4)R ! U(4)V
<latexit sha1_base64="oMahBIt5ON3ZOnPclhAX+uMZJbU=">AAACCHicbVDLSsNAFL3xWesr6tKFg0Wom5JIQZdFNy5cVDFtoQ1hMp20QycPZiZCCV268VfcuFDErZ/gzr9xmmahrQcGzj33Xu6c4yecSWVZ38bS8srq2nppo7y5tb2za+7tt2ScCkIdEvNYdHwsKWcRdRRTnHYSQXHoc9r2R1fTfvuBCsni6F6NE+qGeBCxgBGstOSZR061furdoJ5iIZUor+50Fc9oyzMrVs3KgRaJXZAKFGh65levH5M0pJEiHEvZta1EuRkWihFOJ+VeKmmCyQgPaFfTCOuzbpYbmaATrfRREAv9IoVy9fdGhkMpx6GvJ0OshnK+NxX/63VTFVy4GYuSVNGIzA4FKUfa5zQV1GeCEsXHmmAimP4rIkMsMFE6u7IOwZ63vEhaZzXbqtm39UrjsoijBIdwDFWw4RwacA1NcIDAIzzDK7wZT8aL8W58zEaXjGLnAP7A+PwB9EmWvQ==</latexit><latexit sha1_base64="oMahBIt5ON3ZOnPclhAX+uMZJbU=">AAACCHicbVDLSsNAFL3xWesr6tKFg0Wom5JIQZdFNy5cVDFtoQ1hMp20QycPZiZCCV268VfcuFDErZ/gzr9xmmahrQcGzj33Xu6c4yecSWVZ38bS8srq2nppo7y5tb2za+7tt2ScCkIdEvNYdHwsKWcRdRRTnHYSQXHoc9r2R1fTfvuBCsni6F6NE+qGeBCxgBGstOSZR061furdoJ5iIZUor+50Fc9oyzMrVs3KgRaJXZAKFGh65levH5M0pJEiHEvZta1EuRkWihFOJ+VeKmmCyQgPaFfTCOuzbpYbmaATrfRREAv9IoVy9fdGhkMpx6GvJ0OshnK+NxX/63VTFVy4GYuSVNGIzA4FKUfa5zQV1GeCEsXHmmAimP4rIkMsMFE6u7IOwZ63vEhaZzXbqtm39UrjsoijBIdwDFWw4RwacA1NcIDAIzzDK7wZT8aL8W58zEaXjGLnAP7A+PwB9EmWvQ==</latexit><latexit sha1_base64="oMahBIt5ON3ZOnPclhAX+uMZJbU=">AAACCHicbVDLSsNAFL3xWesr6tKFg0Wom5JIQZdFNy5cVDFtoQ1hMp20QycPZiZCCV268VfcuFDErZ/gzr9xmmahrQcGzj33Xu6c4yecSWVZ38bS8srq2nppo7y5tb2za+7tt2ScCkIdEvNYdHwsKWcRdRRTnHYSQXHoc9r2R1fTfvuBCsni6F6NE+qGeBCxgBGstOSZR061furdoJ5iIZUor+50Fc9oyzMrVs3KgRaJXZAKFGh65levH5M0pJEiHEvZta1EuRkWihFOJ+VeKmmCyQgPaFfTCOuzbpYbmaATrfRREAv9IoVy9fdGhkMpx6GvJ0OshnK+NxX/63VTFVy4GYuSVNGIzA4FKUfa5zQV1GeCEsXHmmAimP4rIkMsMFE6u7IOwZ63vEhaZzXbqtm39UrjsoijBIdwDFWw4RwacA1NcIDAIzzDK7wZT8aL8W58zEaXjGLnAP7A+PwB9EmWvQ==</latexit><latexit sha1_base64="oMahBIt5ON3ZOnPclhAX+uMZJbU=">AAACCHicbVDLSsNAFL3xWesr6tKFg0Wom5JIQZdFNy5cVDFtoQ1hMp20QycPZiZCCV268VfcuFDErZ/gzr9xmmahrQcGzj33Xu6c4yecSWVZ38bS8srq2nppo7y5tb2za+7tt2ScCkIdEvNYdHwsKWcRdRRTnHYSQXHoc9r2R1fTfvuBCsni6F6NE+qGeBCxgBGstOSZR061furdoJ5iIZUor+50Fc9oyzMrVs3KgRaJXZAKFGh65levH5M0pJEiHEvZta1EuRkWihFOJ+VeKmmCyQgPaFfTCOuzbpYbmaATrfRREAv9IoVy9fdGhkMpx6GvJ0OshnK+NxX/63VTFVy4GYuSVNGIzA4FKUfa5zQV1GeCEsXHmmAimP4rIkMsMFE6u7IOwZ63vEhaZzXbqtm39UrjsoijBIdwDFWw4RwacA1NcIDAIzzDK7wZT8aL8W58zEaXjGLnAP7A+PwB9EmWvQ==</latexit>

m2(3c) ⇡
↵c

⇡
⇤diag

<latexit sha1_base64="ZxnjNi5SiiWRW2GWN744BPrW7E8="></latexit><latexit sha1_base64="ZxnjNi5SiiWRW2GWN744BPrW7E8="></latexit><latexit sha1_base64="ZxnjNi5SiiWRW2GWN744BPrW7E8="></latexit><latexit sha1_base64="ZxnjNi5SiiWRW2GWN744BPrW7E8="></latexit>

  
❖ The U(4) flavor symmetry is broken by condensates:

h ̄�i
<latexit sha1_base64="AfW/DwIe2BNWY8knVTPkAtVMpq4=">AAACB3icbVA9SwNBEJ2LXzF+nVoKshgEq3AngpZBG8sI5gNyR9jbTJIle3vH7p4QQjob/4qNhSK2/gU7/42bSwpNfDDD470ZdudFqeDaeN63U1hZXVvfKG6WtrZ3dvfc/YOGTjLFsM4SkahWRDUKLrFuuBHYShXSOBLYjIY3U7/5gErzRN6bUYphTPuS9zijxkod9zgQVPYFkiCiigSp5iRgA9tULnfcslfxcpBl4s9JGeaoddyvoJuwLEZpmKBat30vNeGYKsOZwEkpyDSmlA1pH9uWShqjDsf5HRNyapUu6SXKljQkV39vjGms9SiO7GRMzUAvelPxP6+dmd5VOOYyzQxKNnuolwliEjINhXS5QmbEyBLKFLd/JWxAFWXGRleyIfiLJy+TxnnF9yr+3UW5ej2PowhHcAJn4MMlVOEWalAHBo/wDK/w5jw5L8678zEbLTjznUP4A+fzBwkImMQ=</latexit><latexit sha1_base64="AfW/DwIe2BNWY8knVTPkAtVMpq4=">AAACB3icbVA9SwNBEJ2LXzF+nVoKshgEq3AngpZBG8sI5gNyR9jbTJIle3vH7p4QQjob/4qNhSK2/gU7/42bSwpNfDDD470ZdudFqeDaeN63U1hZXVvfKG6WtrZ3dvfc/YOGTjLFsM4SkahWRDUKLrFuuBHYShXSOBLYjIY3U7/5gErzRN6bUYphTPuS9zijxkod9zgQVPYFkiCiigSp5iRgA9tULnfcslfxcpBl4s9JGeaoddyvoJuwLEZpmKBat30vNeGYKsOZwEkpyDSmlA1pH9uWShqjDsf5HRNyapUu6SXKljQkV39vjGms9SiO7GRMzUAvelPxP6+dmd5VOOYyzQxKNnuolwliEjINhXS5QmbEyBLKFLd/JWxAFWXGRleyIfiLJy+TxnnF9yr+3UW5ej2PowhHcAJn4MMlVOEWalAHBo/wDK/w5jw5L8678zEbLTjznUP4A+fzBwkImMQ=</latexit><latexit sha1_base64="AfW/DwIe2BNWY8knVTPkAtVMpq4=">AAACB3icbVA9SwNBEJ2LXzF+nVoKshgEq3AngpZBG8sI5gNyR9jbTJIle3vH7p4QQjob/4qNhSK2/gU7/42bSwpNfDDD470ZdudFqeDaeN63U1hZXVvfKG6WtrZ3dvfc/YOGTjLFsM4SkahWRDUKLrFuuBHYShXSOBLYjIY3U7/5gErzRN6bUYphTPuS9zijxkod9zgQVPYFkiCiigSp5iRgA9tULnfcslfxcpBl4s9JGeaoddyvoJuwLEZpmKBat30vNeGYKsOZwEkpyDSmlA1pH9uWShqjDsf5HRNyapUu6SXKljQkV39vjGms9SiO7GRMzUAvelPxP6+dmd5VOOYyzQxKNnuolwliEjINhXS5QmbEyBLKFLd/JWxAFWXGRleyIfiLJy+TxnnF9yr+3UW5ej2PowhHcAJn4MMlVOEWalAHBo/wDK/w5jw5L8678zEbLTjznUP4A+fzBwkImMQ=</latexit><latexit sha1_base64="AfW/DwIe2BNWY8knVTPkAtVMpq4=">AAACB3icbVA9SwNBEJ2LXzF+nVoKshgEq3AngpZBG8sI5gNyR9jbTJIle3vH7p4QQjob/4qNhSK2/gU7/42bSwpNfDDD470ZdudFqeDaeN63U1hZXVvfKG6WtrZ3dvfc/YOGTjLFsM4SkahWRDUKLrFuuBHYShXSOBLYjIY3U7/5gErzRN6bUYphTPuS9zijxkod9zgQVPYFkiCiigSp5iRgA9tULnfcslfxcpBl4s9JGeaoddyvoJuwLEZpmKBat30vNeGYKsOZwEkpyDSmlA1pH9uWShqjDsf5HRNyapUu6SXKljQkV39vjGms9SiO7GRMzUAvelPxP6+dmd5VOOYyzQxKNnuolwliEjINhXS5QmbEyBLKFLd/JWxAFWXGRleyIfiLJy+TxnnF9yr+3UW5ej2PowhHcAJn4MMlVOEWalAHBo/wDK/w5jw5L8678zEbLTjznUP4A+fzBwkImMQ=</latexit>

h�̄�i
<latexit sha1_base64="+KEzeYzsNl1R3dUW3ZV0iMglP4Q=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xtJsmSvb1jd08IIZ2Nf8XGQhFb/4Kd/8bN5QpNfDDD470ZdueFieDauO63U1hZXVvfKG6WtrZ3dvfK+wdNHaeKYYPFIlbtEDQKLrFhuBHYThRCFApshaObmd96QKV5LO/NOMEggoHkfc7AWKlbPvYFyIFA6oegqM+GPG8qk7vlilt1M9Bl4uWkQnLUu+UvvxezNEJpmACtO56bmGACynAmcFryU40JsBEMsGOphAh1MMnumNJTq/RoP1a2pKGZ+ntjApHW4yi0kxGYoV70ZuJ/Xic1/atgwmWSGpRs/lA/FdTEdBYK7XGFzIixJcAUt3+lbAgKmLHRlWwI3uLJy6R5XvXcqnd3Uald53EUyRE5IWfEI5ekRm5JnTQII4/kmbySN+fJeXHenY/5aMHJdw7JHzifP+M8mKw=</latexit><latexit sha1_base64="+KEzeYzsNl1R3dUW3ZV0iMglP4Q=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xtJsmSvb1jd08IIZ2Nf8XGQhFb/4Kd/8bN5QpNfDDD470ZdueFieDauO63U1hZXVvfKG6WtrZ3dvfK+wdNHaeKYYPFIlbtEDQKLrFhuBHYThRCFApshaObmd96QKV5LO/NOMEggoHkfc7AWKlbPvYFyIFA6oegqM+GPG8qk7vlilt1M9Bl4uWkQnLUu+UvvxezNEJpmACtO56bmGACynAmcFryU40JsBEMsGOphAh1MMnumNJTq/RoP1a2pKGZ+ntjApHW4yi0kxGYoV70ZuJ/Xic1/atgwmWSGpRs/lA/FdTEdBYK7XGFzIixJcAUt3+lbAgKmLHRlWwI3uLJy6R5XvXcqnd3Uald53EUyRE5IWfEI5ekRm5JnTQII4/kmbySN+fJeXHenY/5aMHJdw7JHzifP+M8mKw=</latexit><latexit sha1_base64="+KEzeYzsNl1R3dUW3ZV0iMglP4Q=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xtJsmSvb1jd08IIZ2Nf8XGQhFb/4Kd/8bN5QpNfDDD470ZdueFieDauO63U1hZXVvfKG6WtrZ3dvfK+wdNHaeKYYPFIlbtEDQKLrFhuBHYThRCFApshaObmd96QKV5LO/NOMEggoHkfc7AWKlbPvYFyIFA6oegqM+GPG8qk7vlilt1M9Bl4uWkQnLUu+UvvxezNEJpmACtO56bmGACynAmcFryU40JsBEMsGOphAh1MMnumNJTq/RoP1a2pKGZ+ntjApHW4yi0kxGYoV70ZuJ/Xic1/atgwmWSGpRs/lA/FdTEdBYK7XGFzIixJcAUt3+lbAgKmLHRlWwI3uLJy6R5XvXcqnd3Uald53EUyRE5IWfEI5ekRm5JnTQII4/kmbySN+fJeXHenY/5aMHJdw7JHzifP+M8mKw=</latexit><latexit sha1_base64="+KEzeYzsNl1R3dUW3ZV0iMglP4Q=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xtJsmSvb1jd08IIZ2Nf8XGQhFb/4Kd/8bN5QpNfDDD470ZdueFieDauO63U1hZXVvfKG6WtrZ3dvfK+wdNHaeKYYPFIlbtEDQKLrFhuBHYThRCFApshaObmd96QKV5LO/NOMEggoHkfc7AWKlbPvYFyIFA6oegqM+GPG8qk7vlilt1M9Bl4uWkQnLUu+UvvxezNEJpmACtO56bmGACynAmcFryU40JsBEMsGOphAh1MMnumNJTq/RoP1a2pKGZ+ntjApHW4yi0kxGYoV70ZuJ/Xic1/atgwmWSGpRs/lA/FdTEdBYK7XGFzIixJcAUt3+lbAgKmLHRlWwI3uLJy6R5XvXcqnd3Uald53EUyRE5IWfEI5ekRm5JnTQII4/kmbySN+fJeXHenY/5aMHJdw7JHzifP+M8mKw=</latexit>

h ̄ i
<latexit sha1_base64="PwjpniL+zxu6VNCVZkMBSdr1n58=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xt5pIle3vH7p4QQjob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFqeDauO63U1hZXVvfKG6WtrZ3dvfK+wdNnWSKYYMlIlHtEDQKLrFhuBHYThVCHApshcObqd96QKV5Iu/NKMUghr7kEWdgrNQtH/sCZF8g9UNQ1E81z5uayd1yxa26M9Bl4uWkQnLUu+Uvv5ewLEZpmACtO56bmmAMynAmcFLyM40psCH0sWOphBh1MJ7dMaGnVunRKFG2pKEz9ffGGGKtR3FoJ2MwA73oTcX/vE5moqtgzGWaGZRs/lCUCWoSOg2F9rhCZsTIEmCK279SNgAFzNjoSjYEb/HkZdI8r3pu1bu7qNSu8ziK5IickDPikUtSI7ekThqEkUfyTF7Jm/PkvDjvzsd8tODkO4fkD5zPHy5NmNw=</latexit><latexit sha1_base64="PwjpniL+zxu6VNCVZkMBSdr1n58=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xt5pIle3vH7p4QQjob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFqeDauO63U1hZXVvfKG6WtrZ3dvfK+wdNnWSKYYMlIlHtEDQKLrFhuBHYThVCHApshcObqd96QKV5Iu/NKMUghr7kEWdgrNQtH/sCZF8g9UNQ1E81z5uayd1yxa26M9Bl4uWkQnLUu+Uvv5ewLEZpmACtO56bmmAMynAmcFLyM40psCH0sWOphBh1MJ7dMaGnVunRKFG2pKEz9ffGGGKtR3FoJ2MwA73oTcX/vE5moqtgzGWaGZRs/lCUCWoSOg2F9rhCZsTIEmCK279SNgAFzNjoSjYEb/HkZdI8r3pu1bu7qNSu8ziK5IickDPikUtSI7ekThqEkUfyTF7Jm/PkvDjvzsd8tODkO4fkD5zPHy5NmNw=</latexit><latexit sha1_base64="PwjpniL+zxu6VNCVZkMBSdr1n58=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xt5pIle3vH7p4QQjob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFqeDauO63U1hZXVvfKG6WtrZ3dvfK+wdNnWSKYYMlIlHtEDQKLrFhuBHYThVCHApshcObqd96QKV5Iu/NKMUghr7kEWdgrNQtH/sCZF8g9UNQ1E81z5uayd1yxa26M9Bl4uWkQnLUu+Uvv5ewLEZpmACtO56bmmAMynAmcFLyM40psCH0sWOphBh1MJ7dMaGnVunRKFG2pKEz9ffGGGKtR3FoJ2MwA73oTcX/vE5moqtgzGWaGZRs/lCUCWoSOg2F9rhCZsTIEmCK279SNgAFzNjoSjYEb/HkZdI8r3pu1bu7qNSu8ziK5IickDPikUtSI7ekThqEkUfyTF7Jm/PkvDjvzsd8tODkO4fkD5zPHy5NmNw=</latexit><latexit sha1_base64="PwjpniL+zxu6VNCVZkMBSdr1n58=">AAACB3icbVA9SwNBEN2LXzF+RS0FWQyCVbgTQcugjWUE8wG5I8xt5pIle3vH7p4QQjob/4qNhSK2/gU7/42b5ApNfDDD470ZdueFqeDauO63U1hZXVvfKG6WtrZ3dvfK+wdNnWSKYYMlIlHtEDQKLrFhuBHYThVCHApshcObqd96QKV5Iu/NKMUghr7kEWdgrNQtH/sCZF8g9UNQ1E81z5uayd1yxa26M9Bl4uWkQnLUu+Uvv5ewLEZpmACtO56bmmAMynAmcFLyM40psCH0sWOphBh1MJ7dMaGnVunRKFG2pKEz9ffGGGKtR3FoJ2MwA73oTcX/vE5moqtgzGWaGZRs/lCUCWoSOg2F9rhCZsTIEmCK279SNgAFzNjoSjYEb/HkZdI8r3pu1bu7qNSu8ziK5IickDPikUtSI7ekThqEkUfyTF7Jm/PkvDjvzsd8tODkO4fkD5zPHy5NmNw=</latexit>

❖ This results in 16 pGB’s.

❖ The “pion” masses get pushed up to the cutoff of the theory via 
interactions with gluons

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit> )

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

�15

❖ Typically, at high scales       is very small
❖ If new physics alters RG flow, large couplings can induce new 

instanton corrections to the axion mass
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Reminder: Confinement and Unification Scale
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Small Size Instantons with Fermions
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❖ Adding fermion effects gives an instanton suppression

 

instanton 
suppression factor
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“Instanton Density in a Theory with Massless 
Quarks,” Nucl. Phys. B163 (1980)

J. Flynn, L. Randall, “A computation of the 
small instanton contribution to the axion 
potential.” Nucl. Phys. B208 (1987)
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Collider Phenomenology
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❖ We have a bound on 
color octet scalars

m2(8c) ⇡
9↵c

4⇡
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diag
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❖ The Strong CP Problem can be solved using massless 
quarks and unification

❖ Arrange                               by decoupling SM quarks

❖ The two scales                            are naturally separated by 
the running coupling behavior 

❖ Small size instantons provided an extra source of mass for 
axions

Conclusions
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Collider Phenomenology
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❖ Collider accessible states are QCD colored “pions” present in 
Models 1 and 2

L 3 Dµ⇡dD
µ⇡d +

⇡a
d

fd

↵s

16⇡
dabcG

b
µ⌫G̃

cµ⌫

<latexit sha1_base64="47nnHf5VEn3Za11STpJ8EWMsC0w="></latexit><latexit sha1_base64="47nnHf5VEn3Za11STpJ8EWMsC0w="></latexit><latexit sha1_base64="47nnHf5VEn3Za11STpJ8EWMsC0w="></latexit><latexit sha1_base64="47nnHf5VEn3Za11STpJ8EWMsC0w="></latexit>

  

❖ Pair produced ❖ Anomalous production
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Collider Phenomenology: R-Hadron Searches
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❖ We have a bound on 
color triplet scalars

m(⇡d) & 890 GeV
<latexit sha1_base64="Aa0Ire0UQK7z5NmvqTdPsk0Ja3w=">AAACCXicbVC7SgNBFJ31GeMramkzGITYhF0RjF3QQssI5gHZEGYnN8mQmd1l5q4YlrQ2/oqNhSK2/oGdf+PkUWjigYHDOedy554glsKg6347S8srq2vrmY3s5tb2zm5ub79mokRzqPJIRroRMANShFBFgRIasQamAgn1YHA19uv3oI2IwjscxtBSrBeKruAMrdTOUVXwY9Hu0BPq99DmFC1duD7CA6b0Gmqjdi7vFt0J6CLxZiRPZqi0c19+J+KJghC5ZMY0PTfGVso0Ci5hlPUTAzHjA9aDpqUhU2Ba6eSSET22Sod2I21fiHSi/p5ImTJmqAKbVAz7Zt4bi/95zQS7pVYqwjhBCPl0UTeRFCM6roV2hAaOcmgJ41rYv1LeZ5pxtOVlbQne/MmLpHZa9Nyid3uWL1/O6siQQ3JECsQj56RMbkiFVAknj+SZvJI358l5cd6dj2l0yZnNHJA/cD5/AEyCmM8=</latexit><latexit sha1_base64="Aa0Ire0UQK7z5NmvqTdPsk0Ja3w=">AAACCXicbVC7SgNBFJ31GeMramkzGITYhF0RjF3QQssI5gHZEGYnN8mQmd1l5q4YlrQ2/oqNhSK2/oGdf+PkUWjigYHDOedy554glsKg6347S8srq2vrmY3s5tb2zm5ub79mokRzqPJIRroRMANShFBFgRIasQamAgn1YHA19uv3oI2IwjscxtBSrBeKruAMrdTOUVXwY9Hu0BPq99DmFC1duD7CA6b0Gmqjdi7vFt0J6CLxZiRPZqi0c19+J+KJghC5ZMY0PTfGVso0Ci5hlPUTAzHjA9aDpqUhU2Ba6eSSET22Sod2I21fiHSi/p5ImTJmqAKbVAz7Zt4bi/95zQS7pVYqwjhBCPl0UTeRFCM6roV2hAaOcmgJ41rYv1LeZ5pxtOVlbQne/MmLpHZa9Nyid3uWL1/O6siQQ3JECsQj56RMbkiFVAknj+SZvJI358l5cd6dj2l0yZnNHJA/cD5/AEyCmM8=</latexit><latexit sha1_base64="Aa0Ire0UQK7z5NmvqTdPsk0Ja3w=">AAACCXicbVC7SgNBFJ31GeMramkzGITYhF0RjF3QQssI5gHZEGYnN8mQmd1l5q4YlrQ2/oqNhSK2/oGdf+PkUWjigYHDOedy554glsKg6347S8srq2vrmY3s5tb2zm5ub79mokRzqPJIRroRMANShFBFgRIasQamAgn1YHA19uv3oI2IwjscxtBSrBeKruAMrdTOUVXwY9Hu0BPq99DmFC1duD7CA6b0Gmqjdi7vFt0J6CLxZiRPZqi0c19+J+KJghC5ZMY0PTfGVso0Ci5hlPUTAzHjA9aDpqUhU2Ba6eSSET22Sod2I21fiHSi/p5ImTJmqAKbVAz7Zt4bi/95zQS7pVYqwjhBCPl0UTeRFCM6roV2hAaOcmgJ41rYv1LeZ5pxtOVlbQne/MmLpHZa9Nyid3uWL1/O6siQQ3JECsQj56RMbkiFVAknj+SZvJI358l5cd6dj2l0yZnNHJA/cD5/AEyCmM8=</latexit><latexit sha1_base64="Aa0Ire0UQK7z5NmvqTdPsk0Ja3w=">AAACCXicbVC7SgNBFJ31GeMramkzGITYhF0RjF3QQssI5gHZEGYnN8mQmd1l5q4YlrQ2/oqNhSK2/oGdf+PkUWjigYHDOedy554glsKg6347S8srq2vrmY3s5tb2zm5ub79mokRzqPJIRroRMANShFBFgRIasQamAgn1YHA19uv3oI2IwjscxtBSrBeKruAMrdTOUVXwY9Hu0BPq99DmFC1duD7CA6b0Gmqjdi7vFt0J6CLxZiRPZqi0c19+J+KJghC5ZMY0PTfGVso0Ci5hlPUTAzHjA9aDpqUhU2Ba6eSSET22Sod2I21fiHSi/p5ImTJmqAKbVAz7Zt4bi/95zQS7pVYqwjhBCPl0UTeRFCM6roV2hAaOcmgJ41rYv1LeZ5pxtOVlbQne/MmLpHZa9Nyid3uWL1/O6siQQ3JECsQj56RMbkiFVAknj+SZvJI358l5cd6dj2l0yZnNHJA/cD5/AEyCmM8=</latexit>

m2(3c) ⇡
↵c

⇡
⇤diag

<latexit sha1_base64="ZxnjNi5SiiWRW2GWN744BPrW7E8="></latexit><latexit sha1_base64="ZxnjNi5SiiWRW2GWN744BPrW7E8="></latexit><latexit sha1_base64="ZxnjNi5SiiWRW2GWN744BPrW7E8="></latexit><latexit sha1_base64="ZxnjNi5SiiWRW2GWN744BPrW7E8="></latexit>

⇤diag & 3 TeV
<latexit sha1_base64="o/4AJAA5fijqoDFUq+Zn5PdKqGU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZV0DJoY2ERIS/IhjA7e5MMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYHDOedy5x4vlkKjbX9buaXlldW1/HphY3Nre6e4u9fQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g99pv3oLSIwhqOYugErB+KnuAMjdQtnri3JuyzrovwgKkvWD+jbh/NREDP6FSlNWhk3WLJLtsT0EXizEiJzFDtFr9cP+JJACFyybRuO3aMnZQpFFxCVnATDTHjQ9aHtqEhC0B30slJGT0yik97kTIvRDpRf0+kLNB6FHgmGTAc6HlvLP7ntRPsXXZSEcYJQsini3qJpBjRcT/UFwo4ypEhjCth/kr5gCnG0bRYMCU48ycvksZp2bHLzt15qXI1qyNPDsghOSYOuSAVckOqpE44eSTP5JW8WU/Wi/VufUyjOWs2s0/+wPr8ASGjnbw=</latexit><latexit sha1_base64="o/4AJAA5fijqoDFUq+Zn5PdKqGU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZV0DJoY2ERIS/IhjA7e5MMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYHDOedy5x4vlkKjbX9buaXlldW1/HphY3Nre6e4u9fQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g99pv3oLSIwhqOYugErB+KnuAMjdQtnri3JuyzrovwgKkvWD+jbh/NREDP6FSlNWhk3WLJLtsT0EXizEiJzFDtFr9cP+JJACFyybRuO3aMnZQpFFxCVnATDTHjQ9aHtqEhC0B30slJGT0yik97kTIvRDpRf0+kLNB6FHgmGTAc6HlvLP7ntRPsXXZSEcYJQsini3qJpBjRcT/UFwo4ypEhjCth/kr5gCnG0bRYMCU48ycvksZp2bHLzt15qXI1qyNPDsghOSYOuSAVckOqpE44eSTP5JW8WU/Wi/VufUyjOWs2s0/+wPr8ASGjnbw=</latexit><latexit sha1_base64="o/4AJAA5fijqoDFUq+Zn5PdKqGU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZV0DJoY2ERIS/IhjA7e5MMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYHDOedy5x4vlkKjbX9buaXlldW1/HphY3Nre6e4u9fQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g99pv3oLSIwhqOYugErB+KnuAMjdQtnri3JuyzrovwgKkvWD+jbh/NREDP6FSlNWhk3WLJLtsT0EXizEiJzFDtFr9cP+JJACFyybRuO3aMnZQpFFxCVnATDTHjQ9aHtqEhC0B30slJGT0yik97kTIvRDpRf0+kLNB6FHgmGTAc6HlvLP7ntRPsXXZSEcYJQsini3qJpBjRcT/UFwo4ypEhjCth/kr5gCnG0bRYMCU48ycvksZp2bHLzt15qXI1qyNPDsghOSYOuSAVckOqpE44eSTP5JW8WU/Wi/VufUyjOWs2s0/+wPr8ASGjnbw=</latexit><latexit sha1_base64="o/4AJAA5fijqoDFUq+Zn5PdKqGU=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZV0DJoY2ERIS/IhjA7e5MMmX0wc1cMy36Djb9iY6GIrZWdf+PkUWjigYHDOedy5x4vlkKjbX9buaXlldW1/HphY3Nre6e4u9fQUaI41HkkI9XymAYpQqijQAmtWAELPAlNb3g99pv3oLSIwhqOYugErB+KnuAMjdQtnri3JuyzrovwgKkvWD+jbh/NREDP6FSlNWhk3WLJLtsT0EXizEiJzFDtFr9cP+JJACFyybRuO3aMnZQpFFxCVnATDTHjQ9aHtqEhC0B30slJGT0yik97kTIvRDpRf0+kLNB6FHgmGTAc6HlvLP7ntRPsXXZSEcYJQsini3qJpBjRcT/UFwo4ypEhjCth/kr5gCnG0bRYMCU48ycvksZp2bHLzt15qXI1qyNPDsghOSYOuSAVckOqpE44eSTP5JW8WU/Wi/VufUyjOWs2s0/+wPr8ASGjnbw=</latexit>

arXiv:1606.05129
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❖ The instanton effects generate a new contribution to the 
effective potential 

Small Size Instantons and Axion Mass 

�25

�Leff = ⇤

4
SSI cos

✓
2

⌘0�
fd

◆

<latexit sha1_base64="nsBk/5LZlcPEmHwZpxcNqzpDegM="></latexit><latexit sha1_base64="nsBk/5LZlcPEmHwZpxcNqzpDegM="></latexit><latexit sha1_base64="nsBk/5LZlcPEmHwZpxcNqzpDegM="></latexit><latexit sha1_base64="nsBk/5LZlcPEmHwZpxcNqzpDegM="></latexit>

❖ With the fermion suppression, the benchmark                    
gives:

↵0 (⇤CUT) = .3
<latexit sha1_base64="23S5KtRrYyE5KC67OOXqLsnZFog=">AAACEnicbVC7SgNBFJ2NrxhfUUubxSAmTdhVQRshmMbCIkJekA3h7mQ2GTL7YOauEJZ8g42/YmOhiK2VnX/jJNlCEw8MHM65hzv3uJHgCi3r28isrK6tb2Q3c1vbO7t7+f2DpgpjSVmDhiKUbRcUEzxgDeQoWDuSDHxXsJY7qk791gOTiodBHccR6/owCLjHKaCWevmSAyIawqkjmIdF504n+9BLHOkn1UZ9MnEkHwyxdF0+7+ULVtmawVwmdkoKJEWtl/9y+iGNfRYgFaBUx7Yi7CYgkVPBJjknViwCOoIB62gagM9UN5mdNDFPtNI3vVDqF6A5U38nEvCVGvuunvQBh2rRm4r/eZ0YvatuwoMoRhbQ+SIvFiaG5rQfs88loyjGmgCVXP/VpEOQQFG3mNMl2IsnL5PmWdm2yvb9RaFyk9aRJUfkmBSJTS5JhdySGmkQSh7JM3klb8aT8WK8Gx/z0YyRZg7JHxifP3itnVE=</latexit><latexit sha1_base64="23S5KtRrYyE5KC67OOXqLsnZFog=">AAACEnicbVC7SgNBFJ2NrxhfUUubxSAmTdhVQRshmMbCIkJekA3h7mQ2GTL7YOauEJZ8g42/YmOhiK2VnX/jJNlCEw8MHM65hzv3uJHgCi3r28isrK6tb2Q3c1vbO7t7+f2DpgpjSVmDhiKUbRcUEzxgDeQoWDuSDHxXsJY7qk791gOTiodBHccR6/owCLjHKaCWevmSAyIawqkjmIdF504n+9BLHOkn1UZ9MnEkHwyxdF0+7+ULVtmawVwmdkoKJEWtl/9y+iGNfRYgFaBUx7Yi7CYgkVPBJjknViwCOoIB62gagM9UN5mdNDFPtNI3vVDqF6A5U38nEvCVGvuunvQBh2rRm4r/eZ0YvatuwoMoRhbQ+SIvFiaG5rQfs88loyjGmgCVXP/VpEOQQFG3mNMl2IsnL5PmWdm2yvb9RaFyk9aRJUfkmBSJTS5JhdySGmkQSh7JM3klb8aT8WK8Gx/z0YyRZg7JHxifP3itnVE=</latexit><latexit sha1_base64="23S5KtRrYyE5KC67OOXqLsnZFog=">AAACEnicbVC7SgNBFJ2NrxhfUUubxSAmTdhVQRshmMbCIkJekA3h7mQ2GTL7YOauEJZ8g42/YmOhiK2VnX/jJNlCEw8MHM65hzv3uJHgCi3r28isrK6tb2Q3c1vbO7t7+f2DpgpjSVmDhiKUbRcUEzxgDeQoWDuSDHxXsJY7qk791gOTiodBHccR6/owCLjHKaCWevmSAyIawqkjmIdF504n+9BLHOkn1UZ9MnEkHwyxdF0+7+ULVtmawVwmdkoKJEWtl/9y+iGNfRYgFaBUx7Yi7CYgkVPBJjknViwCOoIB62gagM9UN5mdNDFPtNI3vVDqF6A5U38nEvCVGvuunvQBh2rRm4r/eZ0YvatuwoMoRhbQ+SIvFiaG5rQfs88loyjGmgCVXP/VpEOQQFG3mNMl2IsnL5PmWdm2yvb9RaFyk9aRJUfkmBSJTS5JhdySGmkQSh7JM3klb8aT8WK8Gx/z0YyRZg7JHxifP3itnVE=</latexit><latexit sha1_base64="23S5KtRrYyE5KC67OOXqLsnZFog=">AAACEnicbVC7SgNBFJ2NrxhfUUubxSAmTdhVQRshmMbCIkJekA3h7mQ2GTL7YOauEJZ8g42/YmOhiK2VnX/jJNlCEw8MHM65hzv3uJHgCi3r28isrK6tb2Q3c1vbO7t7+f2DpgpjSVmDhiKUbRcUEzxgDeQoWDuSDHxXsJY7qk791gOTiodBHccR6/owCLjHKaCWevmSAyIawqkjmIdF504n+9BLHOkn1UZ9MnEkHwyxdF0+7+ULVtmawVwmdkoKJEWtl/9y+iGNfRYgFaBUx7Yi7CYgkVPBJjknViwCOoIB62gagM9UN5mdNDFPtNI3vVDqF6A5U38nEvCVGvuunvQBh2rRm4r/eZ0YvatuwoMoRhbQ+SIvFiaG5rQfs88loyjGmgCVXP/VpEOQQFG3mNMl2IsnL5PmWdm2yvb9RaFyk9aRJUfkmBSJTS5JhdySGmkQSh7JM3klb8aT8WK8Gx/z0YyRZg7JHxifP3itnVE=</latexit>

⇤4
SSI ' 5.8⇥ 10�11⇤3

diag⇤CUT
<latexit sha1_base64="UbRQLCPdq+AXB9xuid91mFhs1FM="></latexit><latexit sha1_base64="UbRQLCPdq+AXB9xuid91mFhs1FM="></latexit><latexit sha1_base64="UbRQLCPdq+AXB9xuid91mFhs1FM="></latexit><latexit sha1_base64="UbRQLCPdq+AXB9xuid91mFhs1FM="></latexit>

⇤diag ⇠ few TeV
<latexit sha1_base64="j3ReOMkQqCZUICq/TFOqp2WU1ko=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0RtAzaWFhEyAuyIczO3k2GzD6YuauGJZ9g46/YWChia2nn3zh5FJp4YOBwzrncucdLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLU8pkGKCOooUEIrUcBCT0LTG1yN/eYdKC3iqIbDBDoh60UiEJyhkbrFY/fGhH3WdREeMPMF642oq0VIp0IA97QGjVG3WLLL9gR0kTgzUiIzVLvFL9ePeRpChFwyrduOnWAnYwoFlzAquKmGhPEB60Hb0IiFoDvZ5KARPTKKT4NYmRchnai/JzIWaj0MPZMMGfb1vDcW//PaKQYXnUxESYoQ8emiIJUUYzpuh/pCAUc5NIRxJcxfKe8zxTiaDgumBGf+5EXSOC07dtm5PStVLmd15MkBOSQnxCHnpEKuSZXUCSeP5Jm8kjfryXqx3q2PaTRnzWb2yR9Ynz8txZ1K</latexit><latexit sha1_base64="j3ReOMkQqCZUICq/TFOqp2WU1ko=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0RtAzaWFhEyAuyIczO3k2GzD6YuauGJZ9g46/YWChia2nn3zh5FJp4YOBwzrncucdLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLU8pkGKCOooUEIrUcBCT0LTG1yN/eYdKC3iqIbDBDoh60UiEJyhkbrFY/fGhH3WdREeMPMF642oq0VIp0IA97QGjVG3WLLL9gR0kTgzUiIzVLvFL9ePeRpChFwyrduOnWAnYwoFlzAquKmGhPEB60Hb0IiFoDvZ5KARPTKKT4NYmRchnai/JzIWaj0MPZMMGfb1vDcW//PaKQYXnUxESYoQ8emiIJUUYzpuh/pCAUc5NIRxJcxfKe8zxTiaDgumBGf+5EXSOC07dtm5PStVLmd15MkBOSQnxCHnpEKuSZXUCSeP5Jm8kjfryXqx3q2PaTRnzWb2yR9Ynz8txZ1K</latexit><latexit sha1_base64="j3ReOMkQqCZUICq/TFOqp2WU1ko=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0RtAzaWFhEyAuyIczO3k2GzD6YuauGJZ9g46/YWChia2nn3zh5FJp4YOBwzrncucdLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLU8pkGKCOooUEIrUcBCT0LTG1yN/eYdKC3iqIbDBDoh60UiEJyhkbrFY/fGhH3WdREeMPMF642oq0VIp0IA97QGjVG3WLLL9gR0kTgzUiIzVLvFL9ePeRpChFwyrduOnWAnYwoFlzAquKmGhPEB60Hb0IiFoDvZ5KARPTKKT4NYmRchnai/JzIWaj0MPZMMGfb1vDcW//PaKQYXnUxESYoQ8emiIJUUYzpuh/pCAUc5NIRxJcxfKe8zxTiaDgumBGf+5EXSOC07dtm5PStVLmd15MkBOSQnxCHnpEKuSZXUCSeP5Jm8kjfryXqx3q2PaTRnzWb2yR9Ynz8txZ1K</latexit><latexit sha1_base64="j3ReOMkQqCZUICq/TFOqp2WU1ko=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBahV0RtAzaWFhEyAuyIczO3k2GzD6YuauGJZ9g46/YWChia2nn3zh5FJp4YOBwzrncucdLpNBo299Wbml5ZXUtv17Y2Nza3inu7jV0nCoOdR7LWLU8pkGKCOooUEIrUcBCT0LTG1yN/eYdKC3iqIbDBDoh60UiEJyhkbrFY/fGhH3WdREeMPMF642oq0VIp0IA97QGjVG3WLLL9gR0kTgzUiIzVLvFL9ePeRpChFwyrduOnWAnYwoFlzAquKmGhPEB60Hb0IiFoDvZ5KARPTKKT4NYmRchnai/JzIWaj0MPZMMGfb1vDcW//PaKQYXnUxESYoQ8emiIJUUYzpuh/pCAUc5NIRxJcxfKe8zxTiaDgumBGf+5EXSOC07dtm5PStVLmd15MkBOSQnxCHnpEKuSZXUCSeP5Jm8kjfryXqx3q2PaTRnzWb2yR9Ynz8txZ1K</latexit>

❖ So the axion potential is:

)
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