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❖ Expect new physics at the TeV scale 

❖ Why is

❖ The leading quantum correction to the Higgs mass:

?

CMS, arXiv:2107.10892

❖ More generally, classify ways to separate:
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Papucci, Ruderman, Weiler, arXiv:1110.6926
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❖ SM pions
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❖ Technically natural
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Symmetry explicitly broken Exact Symmetry restored
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❖ The axion
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mafa ⇡ m⇡f⇡
Kaplan, Georgi (1984)

❖ Many models identifying the Higgs 
as a pGB

Dugan, Georgi, Kaplan (1985)

❖ Many examples of pGBs:
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❖ Additional ZN symmetries can enhance the mass 
protection of axionlike pGB fields

Hook, arXiv:1802.10093

Di Luzio, Gavela, Quilez, 
Ringwald, arXiv:2102.00012

Plots lifted from Di Luzio, Gavela, Quilez, Ringwald, arXiv:2102.00012
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N
Das, Hook, arXiv:2006.10767
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❖ A4 is the simplest non-Abelian discrete group with a three-dimensional 
irreducible representation

➡ useful in flavor model building, can 
contain three generations
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❖ A4 group elements: all even permutations of four objects
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<latexit sha1_base64="jj+xpxhreBvchF3YnFwA3ncJLIA=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAfv7Zg2rNsZ0caJm4BalBgeag+t0PYpJGVGjCsVI910m0N8VSM8LprNJPFU0wGeMh7RkqcESVN82vnqETowQojKV5QqNc/d0xxZFSk8g3lRHWI7XoZeK/XqCygQvbdXjpTZlIUk0FmS8PU450jLJYUMAkJZpPDMFEMnM/IiMsMdEmvIoJxl2MYZm0z2z33K7f1muNqyKiMhzBMZyCCxfQgBtoQgsISHiGF3i1nqw36936mJeWrKLnEP7A+vwBPriaeA==</latexit>

. b .

<latexit sha1_base64="vA1p6QV/HaBFoOxx1qJ73/TnbL4=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAOP/sQbXm2E4OtEzcgtSgQHNQ/e4HMUkjKjThWKme6yTam2KpGeF0VumniiaYjPGQ9gwVOKLKm+ZXz9CJUQIUxtI8oVGu/u6Y4kipSeSbygjrkVr0MvFfL1DZwIXtOrz0pkwkqaaCzJeHKUc6RlksKGCSEs0nhmAimbkfkRGWmGgTXsUE4y7GsEzaZ7Z7btdv67XGVRFRGY7gGE7BhQtowA00oQUEJDzDC7xaT9ab9W59zEtLVtFzCH9gff4APRqadw==</latexit>. a .

Even # of swaps

 
 

<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

Ishimori, et al, arXiv:1003.3552

Ma, Rajasekaran (2001)

Babu, Ma, Valle (2002)

Altarelli, Feruglio (2005)

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4
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Even permutations of four elements Symmetries of the tetrahedron

<latexit sha1_base64="J20TM+JQ+6bBj/N9d5hYThOP9QM=">AAACGnicbVDLSgMxFL1TX7W+Rl2KECxCC6XMSFGXRTcuK9hWaIeSyWTa0MyDJCOUoSt/wx9wq3/gTty68Qf8DjPtLLT1QODknPtIjhtzJpVlfRmFldW19Y3iZmlre2d3z9w/6MgoEYS2ScQjce9iSTkLaVsxxel9LCgOXE677vg687sPVEgWhXdqElMnwMOQ+YxgpaWBeVzBNeTWEKkhr4r6KkIVfdOap7XqwCxbdWsGtEzsnJQhR2tgfve9iCQBDRXhWMqebcXKSbFQjHA6LfUTSWNMxnhIe5qGOKDSSWffmKJTrXjIj4Q+oUIz9XdHigMpJ4GrKwOsRnLRy8R/PU9mAxe2K//SSVkYJ4qGZL7cTzjSCWQ5IY8JShSfaIKJYPr9iIywwETpNEs6GHsxhmXSOavb5/XGbaPcvMojKsIRnEAFbLiAJtxAC9pA4BGe4QVejSfjzXg3PualBSPvOYQ/MD5/AHTEnVA=</latexit>

(a, b, c, d) ! (b, a, d, c)

<latexit sha1_base64="2igvZ6pP52U9/uKhBoAMA3qanoU=">AAACGnicbVDLSgMxFL1TX7W+Rl2KECxChVJmpKjLohuXFewD2qFkMpk2NPMgyQhl6Mrf8Afc6h+4E7du/AG/w0w7C209EDg55z6S48acSWVZX0ZhZXVtfaO4Wdra3tndM/cP2jJKBKEtEvFIdF0sKWchbSmmOO3GguLA5bTjjm8yv/NAhWRReK8mMXUCPAyZzwhWWhqYxxVcRW4VkSryzlBfRagyv+FMGJhlq2bNgJaJnZMy5GgOzO++F5EkoKEiHEvZs61YOSkWihFOp6V+ImmMyRgPaU/TEAdUOunsG1N0qhUP+ZHQJ1Ropv7uSHEg5SRwdWWA1Uguepn4r+fJbODCduVfOSkL40TRkMyX+wlHOoEsJ+QxQYniE00wEUy/H5ERFpgonWZJB2MvxrBM2uc1+6JWv6uXG9d5REU4ghOogA2X0IBbaEILCDzCM7zAq/FkvBnvxse8tGDkPYfwB8bnD3THnVA=</latexit>

(a, b, c, d) ! (b, c, a, d)❖ T generator:

❖ S generator: 

❖ Three “double flips”:

❖ Eight “face rotations”:

 

I

9 9
➡ 4! = twelve  total group elements

<latexit sha1_base64="hH8MRmkJ8MI2BrVERK/eLa28Iew=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAQf7Zg2rNsZ0caJm4BalBgeag+t0PYpJGVGjCsVI910m0N8VSM8LprNJPFU0wGeMh7RkqcESVN82vnqETowQojKV5QqNc/d0xxZFSk8g3lRHWI7XoZeK/XqCygQvbdXjpTZlIUk0FmS8PU450jLJYUMAkJZpPDMFEMnM/IiMsMdEmvIoJxl2MYZm0z2z33K7f1muNqyKiMhzBMZyCCxfQgBtoQgsISHiGF3i1nqw36936mJeWrKLnEP7A+vwBQfSaeg==</latexit>

. d .

<latexit sha1_base64="iY2XI0l3nplicIkxG482Mr7S1SE=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAJP/sQbXm2E4OtEzcgtSgQHNQ/e4HMUkjKjThWKme6yTam2KpGeF0VumniiaYjPGQ9gwVOKLKm+ZXz9CJUQIUxtI8oVGu/u6Y4kipSeSbygjrkVr0MvFfL1DZwIXtOrz0pkwkqaaCzJeHKUc6RlksKGCSEs0nhmAimbkfkRGWmGgTXsUE4y7GsEzaZ7Z7btdv67XGVRFRGY7gGE7BhQtowA00oQUEJDzDC7xaT9ab9W59zEtLVtFzCH9gff4AQFaaeQ==</latexit>. c .

<latexit sha1_base64="jj+xpxhreBvchF3YnFwA3ncJLIA=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAfv7Zg2rNsZ0caJm4BalBgeag+t0PYpJGVGjCsVI910m0N8VSM8LprNJPFU0wGeMh7RkqcESVN82vnqETowQojKV5QqNc/d0xxZFSk8g3lRHWI7XoZeK/XqCygQvbdXjpTZlIUk0FmS8PU450jLJYUMAkJZpPDMFEMnM/IiMsMdEmvIoJxl2MYZm0z2z33K7f1muNqyKiMhzBMZyCCxfQgBtoQgsISHiGF3i1nqw36936mJeWrKLnEP7A+vwBPriaeA==</latexit>

. b .

<latexit sha1_base64="vA1p6QV/HaBFoOxx1qJ73/TnbL4=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAOP/sQbXm2E4OtEzcgtSgQHNQ/e4HMUkjKjThWKme6yTam2KpGeF0VumniiaYjPGQ9gwVOKLKm+ZXz9CJUQIUxtI8oVGu/u6Y4kipSeSbygjrkVr0MvFfL1DZwIXtOrz0pkwkqaaCzJeHKUc6RlksKGCSEs0nhmAimbkfkRGWmGgTXsUE4y7GsEzaZ7Z7btdv67XGVRFRGY7gGE7BhQtowA00oQUEJDzDC7xaT9ab9W59zEtLVtFzCH9gff4APRqadw==</latexit>. a .

<latexit sha1_base64="hH8MRmkJ8MI2BrVERK/eLa28Iew=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAQf7Zg2rNsZ0caJm4BalBgeag+t0PYpJGVGjCsVI910m0N8VSM8LprNJPFU0wGeMh7RkqcESVN82vnqETowQojKV5QqNc/d0xxZFSk8g3lRHWI7XoZeK/XqCygQvbdXjpTZlIUk0FmS8PU450jLJYUMAkJZpPDMFEMnM/IiMsMdEmvIoJxl2MYZm0z2z33K7f1muNqyKiMhzBMZyCCxfQgBtoQgsISHiGF3i1nqw36936mJeWrKLnEP7A+vwBQfSaeg==</latexit>

. d .

<latexit sha1_base64="iY2XI0l3nplicIkxG482Mr7S1SE=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAJP/sQbXm2E4OtEzcgtSgQHNQ/e4HMUkjKjThWKme6yTam2KpGeF0VumniiaYjPGQ9gwVOKLKm+ZXz9CJUQIUxtI8oVGu/u6Y4kipSeSbygjrkVr0MvFfL1DZwIXtOrz0pkwkqaaCzJeHKUc6RlksKGCSEs0nhmAimbkfkRGWmGgTXsUE4y7GsEzaZ7Z7btdv67XGVRFRGY7gGE7BhQtowA00oQUEJDzDC7xaT9ab9W59zEtLVtFzCH9gff4AQFaaeQ==</latexit>. c .

<latexit sha1_base64="jj+xpxhreBvchF3YnFwA3ncJLIA=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAfv7Zg2rNsZ0caJm4BalBgeag+t0PYpJGVGjCsVI910m0N8VSM8LprNJPFU0wGeMh7RkqcESVN82vnqETowQojKV5QqNc/d0xxZFSk8g3lRHWI7XoZeK/XqCygQvbdXjpTZlIUk0FmS8PU450jLJYUMAkJZpPDMFEMnM/IiMsMdEmvIoJxl2MYZm0z2z33K7f1muNqyKiMhzBMZyCCxfQgBtoQgsISHiGF3i1nqw36936mJeWrKLnEP7A+vwBPriaeA==</latexit>

. b .

<latexit sha1_base64="vA1p6QV/HaBFoOxx1qJ73/TnbL4=">AAACCXicbVBLTsMwFHwpv1J+BZZsLCokVlGCKmBZwYZlkehHakPlOE5r1XGC7SBVVU/ABdjCDdghtpyCC3AOnDQLaBnJ8mjm/TR+wpnSjvNllVZW19Y3ypuVre2d3b3q/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74OvM7j1QqFos7PUmoF+GhYCEjWBvp3u4/pDhAOP/sQbXm2E4OtEzcgtSgQHNQ/e4HMUkjKjThWKme6yTam2KpGeF0VumniiaYjPGQ9gwVOKLKm+ZXz9CJUQIUxtI8oVGu/u6Y4kipSeSbygjrkVr0MvFfL1DZwIXtOrz0pkwkqaaCzJeHKUc6RlksKGCSEs0nhmAimbkfkRGWmGgTXsUE4y7GsEzaZ7Z7btdv67XGVRFRGY7gGE7BhQtowA00oQUEJDzDC7xaT9ab9W59zEtLVtFzCH9gff4APRqadw==</latexit>. a .

<latexit sha1_base64="rJkh4A117g4n86p2TzJV6TxpKFk=">AAAB/3icbZDLSgMxFIYzXmu9jQpu3ASLUKGUmVLUZdGNywr2Au20ZNK0Dc1khuSMUMYufBU3LhRx62u4821M21lo6w+Bj/+cwzn5/UhwDY7zba2srq1vbGa2sts7u3v79sFhXYexoqxGQxGqpk80E1yyGnAQrBkpRgJfsIY/upnWGw9MaR7KexhHzAvIQPI+pwSM1bWP89ApFTBoKGA9x05Jn3ftnFN0ZsLL4KaQQ6mqXfur3QtpHDAJVBCtW64TgZcQBZwKNsm2Y80iQkdkwFoGJQmY9pLZ/RN8Zpwe7ofKPAl45v6eSEig9TjwTWdAYKgXa1Pzv1orhv6Vl3AZxcAknS/qxwJDiKdh4B5XjIIYGyBUcXMrpkOiCAUTWdaE4C5+eRnqpaJ7USzflXOV6zSODDpBpyiPXHSJKugWVVENUfSIntErerOerBfr3fqYt65Y6cwR+iPr8wfWbZQS</latexit>

(t2, tst, st2, t2s)

<latexit sha1_base64="YSunLR9CtuAGlefaBq3cTbRF0ns=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoUEoiRV0W3bisYB/QhjKZTtqhk0mYuSmU0D9x40IRt/6JO//GSZuFth64l8M59zJ3jh8LrsFxvq3CxubW9k5xt7S3f3B4ZB+ftHWUKMpaNBKR6vpEM8ElawEHwbqxYiT0Bev4k/vM70yZ0jySTzCLmReSkeQBpwSMNLDtClSxBp21KgZ9ObDLTs1ZAK8TNydllKM5sL/6w4gmIZNABdG65zoxeClRwKlg81I/0SwmdEJGrGeoJCHTXrq4fI4vjDLEQaRMScAL9fdGSkKtZ6FvJkMCY73qZeJ/Xi+B4NZLuYwTYJIuHwoSgSHCWQx4yBWjIGaGEKq4uRXTMVGEggmrZEJwV7+8TtpXNfe6Vn+slxt3eRxFdIbOUQW56AY10ANqohaiaIqe0St6s1LrxXq3PpajBSvfOUV/YH3+AEY0kiU=</latexit>

(t, sts, st, ts)

<latexit sha1_base64="kFVMxPkidumxgaWGAXRJH1ZUDdg=">AAAB+nicbVDLSgMxFM34rPU11aWbYBEqSJkpRV0W3bisYB/QjiWTZtrQTGZI7iil9lPcuFDErV/izr8x085CWw8k93DOveTm+LHgGhzn21pZXVvf2Mxt5bd3dvf27cJBU0eJoqxBIxGptk80E1yyBnAQrB0rRkJfsJY/uk791gNTmkfyDsYx80IykDzglICRenahpM8w3FfSW5t6int20Sk7M+Bl4makiDLUe/ZXtx/RJGQSqCBad1wnBm9CFHAq2DTfTTSLCR2RAesYKknItDeZrT7FJ0bp4yBS5kjAM/X3xISEWo9D33SGBIZ60UvF/7xOAsGlN+EyToBJOn8oSASGCKc54D5XjIIYG0Ko4mZXTIdEEQomrbwJwV388jJpVsruebl6Wy3WrrI4cugIHaMSctEFqqEbVEcNRNEjekav6M16sl6sd+tj3rpiZTOH6A+szx+C5JI8</latexit>

(s, t2s, tst2)

<latexit sha1_base64="i1rSTPE9ebKgER1pBrGgY1BzMjo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16iRbBU90tRb0IRS8eK9gPaZeSTbNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6nfuuJKs0i+WDGMfUFHkgWMoKNlR6rx+cVdI28Sq9YcsvuDGiZeBkpQYZ6r/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aezgyfo1Cp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE175KZNxYqgk80VhwpGJ0PR71GeKEsPHlmCimL0VkSFWmBibUcGG4C2+vEyalbJ3Ua7eV0u1myyOPBzBCZyBB5dQgzuoQwMICHiGV3hzlPPivDsf89ack80cwh84nz/IZ45z</latexit>

4!/2 = 12

<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

  

<latexit sha1_base64="s8/qbN7E6idaeuA1LPI1k9/guPk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpu6XK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4ZONAA==</latexit>s

<latexit sha1_base64="4mSRiAOC1HPbUsbyd7QN48TyFAA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ippX1S9y2qtWavUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4xeNAQ==</latexit>

t
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❖ Irreducible representations of A4:

7

<latexit sha1_base64="LpmZNB2NXzk2jnmryrphwzGdzQk=">AAACDHicbVBNS8NAEN34WetX1aOXxSIVhJLYol6EohePFewHtKFstpt26WYTdidCKf0BXvwrXjwo4tUf4M1/4ybNQVsfzPB4M8PMPC8SXINtf1tLyyura+u5jfzm1vbObmFvv6nDWFHWoKEIVdsjmgkuWQM4CNaOFCOBJ1jLG90k9dYDU5qH8h7GEXMDMpDc55SAkXqFYgV3gQdM4wq+wg4+xU4pTUmuJFHCpssu2ynwInEyUkQZ6r3CV7cf0jhgEqggWnccOwJ3QhRwKtg03401iwgdkQHrGCqJ2e9O0mem+NgofeyHyoQEnKq/JyYk0HoceKYzIDDU87VE/K/WicG/dCdcRjEwSWeL/FhgCHHiDO5zxSiIsSGEKm5uxXRIFKFg/MsbE5z5lxdJ86zsnJerd9Vi7TqzI4cO0RE6QQ66QDV0i+qogSh6RM/oFb1ZT9aL9W59zFqXrGzmAP2B9fkDw4mVFA==</latexit>

3⇥ 3 = 1 + 10 + 100 + 3 + 30

❖ Trivial singlet (invariant)
❖ Nontrivial singlets (pick up phases)
❖ Triplets

  

<latexit sha1_base64="3OuMq3XkllVCqmeyR/Lm5KUSzMg="></latexit>

A3 ⇥B3 3

0

@
{Ay, Bz}
{Az, Bx}
{Ax, By}

1

A

3

+

0

@
[Ay, Bz]
[Az, Bx]
[Ax, By]

1

A

3

<latexit sha1_base64="ZjDdFyRa6KjWpOpFQLpmVwmBLUs=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRS1GWtG5cV7AOaECaT23bayYOZiVBCV278FTcuFHHrN7jzb5y2WWjrgQuHc+7l3nv8hDOpLOvbKKysrq1vFDdLW9s7u3vm/kFLxqmg0KQxj0XHJxI4i6CpmOLQSQSQ0OfQ9kc3U7/9AEKyOLpX4wTckPQj1mOUKC155rGjGA/AgUQyroWMDUcTfO0xXPeG2DPLVsWaAS8TOydllKPhmV9OENM0hEhRTqTs2lai3IwIxSiHSclJJSSEjkgfuppGJATpZrM3JvhUKwHuxUJXpPBM/T2RkVDKcejrzpCogVz0puJ/XjdVvSs3Y1GSKojofFEv5VjFeJoJDpgAqvhYE0IF07diOiCCUKWTK+kQ7MWXl0nrvGJfVKp31XKtnsdRREfoBJ0hG12iGrpFDdREFD2iZ/SK3own48V4Nz7mrQUjnzlEf2B8/gC62pij</latexit>

✏̃ijkAiBj

<latexit sha1_base64="QoLsO030emqtKTlYYZ1nNNAstpg=">AAACAHicbZC7TsMwFIYdrqXcAgwMLBYVElOVoAoYS1kYi0QvUhtFjnvaunWcyHaQqigLr8LCAEKsPAYbb4PbZoCWX7L06T/n6Pj8QcyZ0o7zba2srq1vbBa2its7u3v79sFhU0WJpNCgEY9kOyAKOBPQ0ExzaMcSSBhwaAXj22m99QhSsUg86EkMXkgGgvUZJdpYvn3chVgxbjBlo3GGb3yGa/4I+3bJKTsz4WVwcyihXHXf/u r2IpqEIDTlRKmO68TaS4nUjHLIit1EQUzomAygY1CQEJSXzg7I8JlxergfSfOExjP390RKQqUmYWA6Q6KHarE2Nf+rdRLdv/ZSJuJEg6DzRf2EYx3haRq4xyRQzScGCJXM/BXTIZGEapNZ0YTgLp68DM2LsntZrtxXStVaHkcBnaBTdI5cdIWq6A7VUQNRlKFn9IrerCfrxXq3PuatK1Y+c4T+yPr8Ae6qlfk=</latexit>

✏ijkAiBj

<latexit sha1_base64="GLgUjmViJonziswY8S0VgXFaTiA=">AAACHXicbZDJSgNBEIZ7XGPcRj16aQyCpzAjQb0IQS8eI5gFMiH0dGqSNj0L3TVCmORFvPgqXjwo4sGL+DZ2loMm/tDw81UV1fX7iRQaHefbWlpeWV1bz23kN7e2d3btvf2ajlPFocpjGauGzzRIEUEVBUpoJApY6Euo+/3rcb3+AEqLOLrDQQKtkHUjEQjO0KC2XfJQyA54kGghDcjEfX9EL6knIcAhneOeEt0eDtt2wSk6E9FF485MgcxUadufXifmaQgRcsm0brpOgq2MKRRcwijvpRoSxvusC01jIxaCbmWT60b02JAODWJlXoR0Qn9PZCzUehD6pjNk2NPztTH8r9ZMMbhoZSJKUoSITxcFqaQY03FUtCMUcJQDYxhXwvyV8h5TjKMJNG9CcOdPXjS106J7Vizdlgrlq1kcOXJIjsgJcck5KZMbUiFVwskjeSav5M16sl6sd+tj2rpkzWYOyB9ZXz8mdqM2</latexit>

✏̃ijk = |✏ijk|

❖ Of interest to discrete symmetry model builders:

 

Properties of the A4 Group
<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4
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❖ The quadratically divergent mass contributions stemming from SO(3)-breaking 
terms cancel:

8

  

❖ Similar to Little Higgs models

<latexit sha1_base64="C+vdINRl5I6v5WmAUqH7U5cEAIg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUY9FLx4r2A9oYthstu3SzSbsTgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5YSq4Bsf5tkobm1vbO+Xdyt7+weGRfXzS0UmmKGvTRCSqFxLNBJesDRwE66WKkTgUrBuO7+Z+d8KU5ol8hGnK/JgMJR9wSsBIgW17ERNAcByMnurYkzywq07NWQCvE7cgVVSgFdhfXpTQLGYSqCBa910nBT8nCjgVbFbxMs1SQsdkyPqGShIz7eeLy2f4wigRHiTKlAS8UH9P5CTWehqHpjMmMNKr3lz8z+tnMLjxcy7TDJiky0WDTGBI8DwGHHHFKIipIYQqbm7FdEQUoWDCqpgQ3NWX10mnXnOvao2HRrV5W8RRRmfoHF0iF12jJrpHLdRGFE3QM3pFb1ZuvVjv1seytWQVM6foD6zPH4NqkvE=</latexit>

�m2
h 3

<latexit sha1_base64="bQPfE2RU556s8hUUdOTGwm7s9ko="></latexit>

Lint = ys⇡1

�
 ̄2 3 +  ̄3 2

�
+ ys⇡2

�
 ̄3 1 +  ̄1 3

�
+ ysf

✓
1� 1

2

⇡2
1 + ⇡2

2

f2

◆�
 ̄1 2 +  ̄2 1

�

<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys
<latexit sha1_base64="G4vzAKUfqBvuBoSMSn1cPbS+Hlo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXgnoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse1flSr1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3RzjLg=</latexit>

+
<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys

<latexit sha1_base64="VIf7uhm2iN8V93JbttR137WDYzA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0Io/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIeMU95ENOhEpFgFK3k531Don615tbdOcgq8QpSgwLNfvWrN0hYFnOFTFJjup6bYjChGgWTfFrpZYanlI3pkHctVTTmJpjMj52SM6sMSJRoWwrJXP09MaGxMXkc2s6Y4sgsezPxP6+bYXQTTIRKM+SKLRZFmSSYkNnnZCA0ZyhzSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz+L246G</latexit>

ysf

<latexit sha1_base64="McxlP0lF+zbzfcWLOoIKEO8MZgg=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0XwYklKUY9FLx4r2A9oQ9lsN+3SzSbsboQQ4l/x4kERr/4Qb/4bt20O2vpg4PHeDDPz/JgzpR3n21pb39jc2i7tlHf39g8O7aPjjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96e3M7z5SqVgkHnQaUy/EY8ECRrA20tCuXAwCiUmG0qFCeYbqAcqHdtWpOXOgVeIWpAoFWkP7azCKSBJSoQnHSvVdJ9ZehqVmhNO8PEgUjTGZ4jHtGypwSJWXzY/P0ZlRRiiIpCmh0Vz9PZHhUKk09E1niPVELXsz8T+vn+jg2suYiBNNBVksChKOdIRmSaARk5RonhqCiWTmVkQm2IShTV5lE4K7/PIq6dRr7mWtcd+oNm+KOEpwAqdwDi5cQRPuoAVtIJDCM7zCm/VkvVjv1seidc0qZirwB9bnD08Ck+o=</latexit>

� ys
2f

Das, Hook, arXiv:2006.10767

Nonlinearly Realized Discrete A4
<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

<latexit sha1_base64="p+rbcGWr2QkxtvlSXSzlkT6PeoA=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6RVoh6JXryJ0QIJNGS7bGHDdtvsbk1Iw2/w4kFjvPqDvPlvXKAHBV8yyct7M5mZFyScKe0431ZhZXVtfaO4Wdra3tnds/cPmipOJaEeiXks2wFWlDNBPc00p+1EUhwFnLaC0c3Ubz1RqVgsHvU4oX6EB4KFjGBtJO/hrnJ+2rPLTtWZAS0TNydlyNHo2V/dfkzSiApNOFaq4zqJ9jMsNSOcTkrdVNEEkxEe0I6hAkdU+dns2Ak6MUofhbE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+ukOrzyMyaSVFNB5ovClCMdo+nnqM8kJZqPDcFEMnMrIkMsMdEmn5IJwV18eZk0z6ruRbV2XyvXr/M4inAEx1ABFy6hDrfQAA8IMHiGV3izhPVivVsf89aClc8cwh9Ynz+HVY3b</latexit>

SO(3)

Arkani-Hamed, Cohen, Gregoire, Wacker (2002)

Arkani-Hamed, Cohen, Katz, Nelson (2002)
➡ How general is this?
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❖ Consider a general scalar field Phi in an irreducible MI-dimensional real 
representation of some discrete group D1:

9

General Nonlinear Discrete Symmetries

<latexit sha1_base64="6zuD4MWLaq306dQhIdRqesLWv0s=">AAACFHicbVC7TsMwFHV4lvIKMLJYVEhFVFFSVcBYwcJYJPqQmihyXKe1aifBdipVUT+ChV9hYQAhVgY2/ga3zQAtR7J8fM69ur4nSBiVyra/jZXVtfWNzcJWcXtnd2/fPDhsyTgVmDRxzGLRCZAkjEakqahipJMIgnjASDsY3kz99ogISePoXo0T4nHUj2hIMVJa8s1ztzGg0CUPKR3BMnSTAfWdyvyuVqBlWfmDwzPfLNmWPQNcJk5OSiBHwze/3F6MU04ihRmSsuvYifIyJBTFjEyKbipJgvAQ9UlX0whxIr1sttQEnmqlB8NY6BMpOFN/d2SISznmga7kSA3kojcV//O6qQqvvIxGSapIhOeDwpRBFcNpQrBHBcGKjTVBWFD9V4gHSCCsdI5FHYKzuPIyaVUt58Kq3dVK9es8jgI4BiegDBxwCergFjRAE2DwCJ7BK3gznowX4934mJeuGHnPEfgD4/MHoYSbaA==</latexit>

� ⌘ (�1,�2, ...,�m)

❖ Nonlinearity constraint:
<latexit sha1_base64="PlRF/gtw98e7rhIUlRPiyhe1yBM=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARBCEkpWg3haIblxV6gyYtk+mkHTq5MDMRSuiruPFV3LhQpDvxZZykEbT1wDAf/38OM+d3I0aFNM1PrbCxubW9U9wt7e0fHB7pxycdEcYckzYOWch7LhKE0YC0JZWM9CJOkO8y0nWnd6nffSRc0DBoyVlEHB+NA+pRjKSShnrNbk7ooAXTC9ahHU3o0BpU4NUSKxkahvEj+EqoQ29QGepl0zCzgutg5VAGeTWH+sIehTj2SSAxQ0L0LTOSToK4pJiRecmOBYkQnqIx6SsMkE+Ek2QbzuGFUkbQC7k6gYSZ+nsiQb4QM99VnT6SE7HqpeJ/Xj+WXs1JaBDFkgR4+ZAXMyhDmMYFR5QTLNlMAcKcqr9CPEEcYalCLakQrNWV16FTMaxro/pQLTdu8ziK4Aycg0tggRvQAPegCdoAgyfwAt7Au/asvWof2mLZWtDymVPwp7Svb62Knt8=</latexit>

�T� = �2
1 + �2

2 + ...+ �2
m = f2

❖ Reduces the number of dof’s by 1, resulting in a set of m min1 light 
spin-0 particles

❖ These are the discrete Goldstone Bosons (dGB)

<latexit sha1_base64="5woa2AhwFXqrkL5bju3TM2iWDCI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddK9qnvNeuOhUWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPlp44o</latexit>

� <latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m
<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D

<latexit sha1_base64="AQ9tbZ6LstHDDIenKJ6aAO6FOj8=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHYlqMegF48RzQOSJcxOZpMh81hmZoWw5BO8eFDEq1/kzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LRjhMaCjyQLGYEWyc9iPOgVyr7FX8GtEyCnJQhR71X+ur2FUkFlZZwbEwn8BMbZlhbRjidFLupoQkmIzygHUclFtSE2ezUCTp1Sh/FSruSFs3U3xMZFsaMReQ6BbZDs+hNxf+8Tmrj6zBjMkktlWS+KE45sgpN/0Z9pimxfOwIJpq5WxEZYo2JdekUXQjB4svLpHlRCS4r1ftquXaTx1GAYziBMwjgCmpwB3VoAIEBPMMrvHnce/HevY9564qXzxzBH3ifP7HTjWw=</latexit>

m� 1

❖ If DI is embedded in a continuous group G, these are a class of 
pseudo-Goldstone bosons

<latexit sha1_base64="pDhc4Y/UWSKWKb+38j5EHazqsw8=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BPXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A5pXjNE=</latexit>

D
<latexit sha1_base64="PuEQf2gIh7Dny7yK8ReAIZCJskw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BD3pMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A57jjNQ=</latexit>

G
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<latexit sha1_base64="ourQ09YhPs8nqiJ9IE0f2FsJ8k4="></latexit>

I3 =
Y

i<j<k

�i�j�k = �1�2�3

The EFT for A4 dGBs
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<latexit sha1_base64="ymKHq5RLS3N3x74cvr6r6Eq9ZPY=">AAACLHicbZDLSgMxFIYz9VbrbdSlm2BRBKHMjEXdCMVudFfBXqCXIZOmbWgmMyQZoQx9IDe+iiAuLOLW5zDTjqitB0K+/OccTs7vhYxKZVkTI7O0vLK6ll3PbWxube+Yu3s1GUQCkyoOWCAaHpKEUU6qiipGGqEgyPcYqXvDcpKvPxAhacDv1SgkbR/1Oe1RjJSWXLPc8pEaYMTi27HrwByEx/AKtsIBden3lb7tjgNPZ+j84FnHcc28VbCmARfBTiEP0qi45kurG+DIJ1xhhqRs2lao2jESimJGxrlWJEmI8BD1SVMjRz6R7Xi67BgeaaULe4HQhys4VX93xMiXcuR7ujJZTc7nEvG/XDNSvct2THkYKcLxbFAvYlAFMHEOdqkgWLGRBoQF1X+F eIAEwkr7m9Mm2PMrL0LNKdjnheJdMV+6Tu3IggNwCE6ADS5ACdyACqgCDB7BM3gDE+PJeDXejY9ZacZIe/bBnzA+vwAjaaPe</latexit>

I2 = �i�i = �2
1 + �2

2 + �2
3

<latexit sha1_base64="gz22F4wTqj4bApUcp5/H9s6/E9o="></latexit>

I4 =
X

i

�4
i = �4

1 + �4
2 + �4

3

❖ The full A4 invariant potential is a function of the primary invariants:

❖ Consider a scalar field in the triplet of A4:

SO(3) invariant

SO(3) breaking

<latexit sha1_base64="dX0lw1zvuXgmPgzZaNtOA/Sc6yU=">AAACGnicbVBNS8NAEN34WetX1KOXxSJUkJLUoh6LXjxWsCo0pWy2k2Zx8+HuRCjB3+HFv+LFgyLexIv/xm2bg1ofLPN4b4bZeX4qhUbH+bJmZufmFxZLS+XlldW1dXtj81InmeLQ5olM1LXPNEgRQxsFSrhOFbDIl3Dl35yO/Ks7UFok8QUOU+hGbBCLQHCGRurZrtcKBfXgNhN31JMQYJV6aSh67v6k1ot6QD0lBiHu9eyKU3PGoNPELUiFFGj17A+vn/Asghi5ZFp3XCfFbs4UCi7hvuxlGlLGb9gAOobGLALdzcen3dNdo/RpkCjzYqRj9edEziKth5FvOiOGof7rjcT/vE6GwXE3F3GaIcR8sijIJMWEjnKifaGAoxwawrgS5q+Uh0wxjibNsgnB/XvyNLms19zDWuO8UWmeFHGUyDbZIVXikiPSJGekRdqEkwfyRF7Iq/VoPVtv1vukdcYqZrbIL1if3ypVnxU=</latexit>

� ⌘ (�1,�2,�3)

 

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

❖ We can expand this out in terms of invariants as:

<latexit sha1_base64="ThdF01u+KrQuKQ7invwlAbOIfS0=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4Kkkp6kYoutFdBfuANobJdNIOnTyYmQgh1F9x40IRt36IO//GSZuFth4YOJxzL/fM8WLOpLKsb2NldW19Y7O0Vd7e2d3bNw8OOzJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTa5zv/tIhWRReK/SmDoBHoXMZwQrLblmZRBgNSaYZ7dTt44ukf9Qd82qVbNmQMvELkgVCrRc82swjEgS0FARjqXs21asnAwLxQin0/IgkTTGZIJHtK9piAMqnWwWfopOtDJEfiT0CxWaqb83MhxImQaensyjykUvF//z+onyL5yMhXGiaEjmh/yEIxWhvAk0ZIISxVNNMBFMZ0VkjAUmSvdV1iXYi19eJp16zT6rNe4a1eZVUUcJjuAYTsGGc2jCDbSgDQRSeIZXeDOejBfj3fiYj64YxU4F/sD4/AFYg5Pt</latexit>

I2 = f2

,
❖ Below LA, the nonlinearity constraint holds:

<latexit sha1_base64="Sp5cqrZ1Dw9bGXe0LzcjmUIO2dA="></latexit>

⇤

<latexit sha1_base64="bsseU3wYYdN8S2TeCjU7nvN18vI=">AAACKHicbVDLSgMxFM34rPU16tJNsAgVpMzUom7EUhfqroJ9QFuGTJppQzMPkjtiGfo5bvwVNyKKdOuXmD4WtvVA4Nxz7iX3HjcSXIFlDY2l5ZXVtfXURnpza3tn19zbr6owlpRVaChCWXeJYoIHrAIcBKtHkhHfFazm9m5Gfu2JScXD4BH6EWv5pBNwj1MCWnLM66rTBPYMSfu2NMBX2MNZ3PQJdCkRyf3AyZ/OlGezZeHEMTNWzhoDLxJ7SjJoirJjfjTbIY19FgAVRKmGbUXQSogETgUbpJuxYhGhPdJhDU0D4jPVSsaHDvCxVtrYC6V+AeCx+nciIb5Sfd/VnaMt1bw3Ev/zGjF4l62EB1EMLKCTj7xYYAjxKDXc5pJREH1NCJVc74ppl0hCQWeb1iHY8ycvkmo+Z5/nCg+FTLE0jSOFDtERyiIbXaAiukNlVEEUvaA39Im+jFfj3fg2hpPWJWM6c4BmYPz8AoDSpQw=</latexit>

VdGB = f(I2, I3, I4)

<latexit sha1_base64="r6ZzywxKWpAGKCIuHb3xqYOHi20=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRJUAWMFCwNDkehDaqLKcZzWquME+wapivoBLPwKCwMIsfIBbPwNbpsBWo5k6fice2Tf4yeCa7Dtb2tpeWV1bb2wUdzc2t7ZLe3tt3ScKsqaNBax6vhEM8ElawIHwTqJYiTyBWv7w6uJ335gSvNY3sEoYV5E+pKHnBIwUq9UdgULoYLdG5MJCDbXe1zDbsJxiF3F+wM4MVN21Z4CLxInJ2WUo9ErfblBTNOISaCCaN117AS8jCjgVLBx0U01Swgdkj7rGipJxLSXTZcZ42OjBDiMlTkS8FT9nchIpPUo8s1kRGCg572J+J/XTSG88DIukxSYpLOHwlRgiPGkGRxwxSiIkSGEKm7+iumAKELB9Fc0JTjzKy+S1mnVOavWbmvl+mVeRwEdoiNUQQ46R3V0jRqoiSh6RM/oFb1ZT9aL9W59zEaXrDxzgP7A+vwB+QOZrg==</latexit>

(⇤  4⇡f)
<latexit sha1_base64="JLnDDIeLnx66BBq6+TI4591o/kM="></latexit>

VdGB = f2⇤2


ĉ3

I3
f3

+ ĉ4
I4
f4

+ ĉ6
I6
f6

+ ĉ7
I7
f7

+ ...

�
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❖ The most general potential:
<latexit sha1_base64="JLnDDIeLnx66BBq6+TI4591o/kM="></latexit>

VdGB = f2⇤2


ĉ3

I3
f3

+ ĉ4
I4
f4

+ ĉ6
I6
f6

+ ĉ7
I7
f7

+ ...

�

❖ If the C_N are all O(1), then all terms will contribute equally

❖ If the invariant operators are generated 
by renormalizable interactions:

 

❖ Being a little less agnostic about the UV theory can allow us to talk about 
scales that are not 

❖ It is easy, however, to arrange for lower order terms to dominate 

<latexit sha1_base64="dujUJZRQGlgUPow6aRkMeBPMjfQ=">AAACAXicbVA9SwNBEJ3zM8avqI1gsxgEq3AnQS2DNpYRzAfkzrC32UuW7O0eu3tCOGLjX7GxUMTWf2Hnv3EvSaGJDwYe780wMy9MONPGdb+dpeWV1bX1wkZxc2t7Z7e0t9/UMlWENojkUrVDrClngjYMM5y2E0VxHHLaCofXud96oEozKe7MKKFBjPuCRYxgY6Vu6dAfYINIVyBfsxj5NNGMS3FvrbJbcSdAi8SbkTLMUO+WvvyeJGlMhSEca93x3MQEGVaGEU7HRT/VNMFkiPu0Y6nAMdVBNvlgjE6s0kORVLaEvSdXf09kONZ6FIe2M8ZmoOe9XPzP66QmugwyJpLUUEGmi6KUIyNRHgfqMUWJ4SNLMFHM3orIACtMjA2taEPw5l9eJM2zindeqd5Wy7WrWRwFOIJjOAUPLqAGN1CHBhB4hGd4hTfnyXlx3p2PaeuSM5s5gD9wPn8A7gqWlA==</latexit>

ĉn ⇠ ✏n

<latexit sha1_base64="xb14Y35922x2KCwW6xswsz+BvRg=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQNyWRoi6LbtxZwT6gjWUynbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw8MHM65l3vmeBFnStv2t1VYWV1b3yhulra2d3b3yvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k+vM7zxSqVgo7vU0om6AR4L5jGBtpId+gPWYYJ7cplXndFCu2DV7BrRMnJxUIEdzUP7qD0MSB1RowrFSPceOtJtgqRnhNC31Y0UjTCZ4RHuGChxQ5Saz1Ck6McoQ+aE0T2g0U39vJDhQahp4ZjJLqRa9TPzP68Xav3QTJqJYU0Hmh/yYIx2irAI0ZJISzaeGYCKZyYrIGEtMtCmqZEpwFr+8TNpnNee8Vr+rVxpXeR1FOIJjqIIDF9CAG2hCCwhIeIZXeLOerBfr3fqYjxasfOcQ/sD6/AHKf5IO</latexit>

O(1)
<latexit sha1_base64="mLaGw6NjuAATsPZBmesKETbA10o=">AAACHnicbVBLTwIxEO7iC/GFevTSSEw8mM0uAYQbwYtHTOSRACHdMgsN3UfargnZ8Eu8+Fe8eNAYE0/6b+zCHhScZJov38w3M/2ckDOpLOvbyGxsbm3vZHdze/sHh0f545O2DCJBoUUDHoiuQyRw5kNLMcWhGwognsOh40xvknrnAYRkgX+vZiEMPDL2mcsoUZoa5sv9Ebhau5gUh6Fq8AjmsRg789i0a8UrbBarFf2WyrV5rj8hCtOh1hUs01oEXgd2CgoojeYw/9kfBTTywFeUEyl7thWqQUyEYpSDHhxJCAmdkjH0NPSJB3IQL46a4wvNjLAbCJ2+3p+wvxUx8aSceY7u9IiayNVaQv5X60XKrQ5i5oeRAp8uF7kRxyrAiVd4xARQxWcaECqYvhXTCRGEKu1oTptgr355HbSLpl0xS3elQr2R2pFFZ+gcXSIbXaM6ukVN1EIUPaJn9IrejCfjxXg3PpatGSPVnKI/YXz9AEIhoJ4=</latexit>

ĉn

<latexit sha1_base64="t+1vw5Vj8oVLHH9USsB4kD6avKw=">AAACF3icbVDLTgIxFO34xPGFunTTSExcmMkMQYQdwY1LTOSRACGdcgcaOo+0HRMymb9w46+4caExbnXn31hgFgrepM3JOffc3h434kwq2/421tY3Nre2czvm7t7+wWH+6Lglw1hQaNKQh6LjEgmcBdBUTHHoRAKI73Jou5Obmd5+ACFZGNyraQR9n4wC5jFKlKYGeas3BE9755OSKFJ1HkOaiJGbJpZTLV5iq1gp67t0VU1Nb5Av2JY9L7wKnAwUUFaNQf6rNwxp7EOgKCdSdh07Uv2ECMUoh9TsxRIiQidkBF0NA+KD7CfzbVJ8rpkh9kKhT6DwnP3tSIgv5dR3dadP1FguazPyP60bK6/ST1gQxQoCunjIizlWIZ6FhIdMAFV8qgGhguldMR0TQajSUZo6BGf5y6ugVbScslW6KxVq9SyOHDpFZ+gCOega1dAtaqAmougRPaNX9GY8GS/Gu/GxaF0zMs8J+lPG5w/6z53V</latexit>

f

<latexit sha1_base64="1aQNwD4f1lhihYg/gWS+n+GPt2I=">AAACH3icbVDLSgMxFM34tr6qLt0Ei+BChplSa92Jblwq2Ae0Q8mkd2owkwlJRijD/Ikbf8WNC0XEnX9j2s5CWy8kHM655+bmhJIzbTzv21lYXFpeWV1bL21sbm3vlHf3WjpJFYUmTXiiOiHRwJmApmGGQ0cqIHHIoR0+XI319iMozRJxZ0YSgpgMBYsYJcZS/XK9N4DIeieTMinNJU8hz9QwzDPXP6+eYLfaqNu7dnqel3ogNeOJwP1yxXO9SeF54Beggoq66Ze/eoOEpjEIQznRuut70gQZUYZRDnZyqkES+kCG0LVQkBh0kE22yvGRZQY4SpQ9wuAJ+9uRkVjrURzazpiYez2rjcn/tG5qokaQMSFTA4JOH4pSjk2Cx2HhAVNADR9ZQKhidldM74ki1NhISzYEf/bL86BVdf26W7utVS4uizjW0AE6RMfIR2foAl2jG9REFD2hF/SG3p1n59X5cD6nrQtO4dlHf8r5/gFQxqE1</latexit>✏
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❖ Allows us to estimate the sizes of CHI:

<latexit sha1_base64="jJS+Lwzc65YArvoUK5l36gtSQhY="></latexit>

L =
M4

16⇡2

X

n

✓
y
�

M

◆n

= ⇤2f2
X

n

yn
✓

⇤

M

◆n�4 ✓�

⇤

◆n

 

go

 

go

<latexit sha1_base64="8KDpNzHB0J3eer4Km9nQjYDarPc="></latexit>

ĉn ⇠ yn
✓

⇤

M

◆n�4

❖ Consider that higher dimensional 
operator interactions are mediated 
by a fermion with mass M

<latexit sha1_base64="zml4yXUyp+38Bj6uHfg2GsMoQ7w=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUU9SFMGLUMF+QBvKZrtpl242YXejllD/ihcPinj1h3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF39xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IeXE795T6VikbjTo5h6Ie4LFjCCtZG6drHzKFl/oLGU0UN6hc7Rzbhrl5yyMwVaJG5GSpCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOB0XOomiMSZD3KdtQwUOqfLS6fFjdGiUHgoiaUpoNFV/T6Q4VGoU+qYzxHqg5r2J+J/XTnRw5qVMxImmgswWBQlHOkKTJFCPSUo0HxmCiWTmVkQGWGKiTV4FE4I7//IiaRyX3ZNy5bZSql5kceRhHw7gCFw4hSpcQw3qQGAEz/AKb9aT9WK9Wx+z1pyVzRThD6zPH18FlJc=</latexit>

E>M����!

❖ We can say that the NGT4 terms will be subdominant so long as either:

❖ y<1

❖ M>L
<latexit sha1_base64="tas4KYo8zIW9UeuimnJcQVXaCUs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUVdSdONCoYJ9wHQomUzahmaSIckIZehnuHGhiFu/xp1/Y9rOQlsPBA7nnEvuPWHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QUvLVBHaJJJL1QmxppwJ2jTMcNpJFMVxyGk7HN1M/fYTVZpJ8WjGCQ1iPBCszwg2VvLv0RXq3tl4hHvlilt1Z0DLxMtJBXI0euWvbiRJGlNhCMda+56bmCDDyjDC6aTUTTVNMBnhAfUtFTimOshmK0/QiVUi1JfKPmHQTP09keFY63Ec2mSMzVAvelPxP89PTf8yyJhIUkMFmX/UTzkyEk3vRxFTlBg+tgQTxeyuiAyxwsTYlkq2BG/x5GXSOqt659XaQ61Sv87rKMIRHMMpeHABdbiFBjSBgIRneIU3xzgvzrvzMY8WnHzmEP7A+fwB3QyQWQ==</latexit>

M > ⇤

<latexit sha1_base64="ao8nt/HtK34GrXFzKhDBG7hKOTY=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5JIUQ8eil48VjBtoQ1ls920SzebsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz84JEcG0c5xuV1tY3NrfK25Wd3b39g+rhUVvHqaLMo7GIVTcgmgkumWe4EaybKEaiQLBOMLmb+Z0npjSP5aPJEuZHZCR5yCkxVvIyfIPdQbXm1J058CpxC1KDAq1B9as/jGkaMWmoIFr3XCcxfk6U4VSwaaWfapYQOiEj1rNUkohpP58fO8VnVhniMFa2pMFz9fdETiKtsyiwnRExY73szcT/vF5qwms/5zJJDZN0sShMBTYxnn2Oh1wxakRmCaGK21sxHRNFqLH5VGwI7vLLq6R9UXcv642HRq15W8RRhhM4hXNw4QqacA8t8IACh2d4hTck0Qt6Rx+L1hIqZo7hD9DnD4d1jds=</latexit>

y < 1

<latexit sha1_base64="gtQTpFlwAWFGrNMNL/EPvcKjg3E=">AAACF3icbVDLTgIxFO3gC/GFunTTSExcmMkMQYQdwY0bE0zkkQAhnXIHGjqPtB0TMpm/cOOvuHGhMW51599YBhYK3qTNyTn33N4eJ+RMKsv6NjJr6xubW9nt3M7u3v5B/vCoJYNIUGjSgAei4xAJnPnQVExx6IQCiOdwaDuT65nefgAhWeDfq2kIfY+MfOYySpSmBnmzNwRXe9NJcRiqOo8gicXISWLTrhYvsFmslPVduqwmudtBvmCZVlp4FdgLUECLagzyX71hQCMPfEU5kbJrW6Hqx0QoRjkkuV4kISR0QkbQ1dAnHsh+nG6T4DPNDLEbCH18hVP2tyMmnpRTz9GdHlFjuazNyP+0bqTcSj9mfhgp8On8ITfiWAV4FhIeMgFU8akGhAqmd8V0TAShSkeZ0yHYy19eBa2iaZfN0l2pUKsv4siiE3SKzpGNrlAN3aAGaiKKHtEzekVvxpPxYrwbH/PWjLHwHKM/ZXz+ANTrnbw=</latexit>

M

<latexit sha1_base64="mLaGw6NjuAATsPZBmesKETbA10o=">AAACHnicbVBLTwIxEO7iC/GFevTSSEw8mM0uAYQbwYtHTOSRACHdMgsN3UfargnZ8Eu8+Fe8eNAYE0/6b+zCHhScZJov38w3M/2ckDOpLOvbyGxsbm3vZHdze/sHh0f545O2DCJBoUUDHoiuQyRw5kNLMcWhGwognsOh40xvknrnAYRkgX+vZiEMPDL2mcsoUZoa5sv9Ebhau5gUh6Fq8AjmsRg789i0a8UrbBarFf2WyrV5rj8hCtOh1hUs01oEXgd2CgoojeYw/9kfBTTywFeUEyl7thWqQUyEYpSDHhxJCAmdkjH0NPSJB3IQL46a4wvNjLAbCJ2+3p+wvxUx8aSceY7u9IiayNVaQv5X60XKrQ5i5oeRAp8uF7kRxyrAiVd4xARQxWcaECqYvhXTCRGEKu1oTptgr355HbSLpl0xS3elQr2R2pFFZ+gcXSIbXaM6ukVN1EIUPaJn9IrejCfjxXg3PpatGSPVnKI/YXz9AEIhoJ4=</latexit>

ĉn

<latexit sha1_base64="4i9rIHS3IE47nYXfwOFiEYR6WpQ="></latexit>

ĉn

<latexit sha1_base64="Her11vG1BhtVMiL9v1xaPdQsTe4=">AAACGXicbVC7TsMwFHV4U14FRhaLCokBRUkVSlkQgoWxSPQhtVHlODfFwnEi20GqovwGC7/CwgBCjDDxN7iPAQpXsnV0zj3X1ydIOVPacb6sufmFxaXlldXS2vrG5lZ5e6elkkxSaNKEJ7ITEAWcCWhqpjl0UgkkDji0g7vLkd6+B6lYIm70MAU/JgPBIkaJNlS/7PRCiIx3PClPU33BMyhyOQiK3HZPq0fYrtZr5vaOT4uSOPP65YpjO+PCf4E7BRU0rUa//NELE5rFIDTlRKmu66Taz4nUjHIoSr1MQUroHRlA10BBYlB+Pt6nwAeGCXGUSHOExmP2pyMnsVLDODCdMdG3alYbkf9p3UxHdT9nIs00CDp5KMo41gkexYRDJoFqPjSAUMnMrpjeEkmoNmGWTAju7Jf/glbVdmu2d+1Vzi+mcaygPbSPDpGLTtA5ukIN1EQUPaAn9IJerUfr2Xqz3ietc9bUs4t+lfX5DR2JnmM=</latexit>

n > 4

(for I_3 > I_4, we must assume yL < 1)
<latexit sha1_base64="/p65VKYZw/tNXQQltx0MLTSEL10="></latexit>I3 > I4

<latexit sha1_base64="ao8nt/HtK34GrXFzKhDBG7hKOTY=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WSyCp5JIUQ8eil48VjBtoQ1ls920SzebsLsRQuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz84JEcG0c5xuV1tY3NrfK25Wd3b39g+rhUVvHqaLMo7GIVTcgmgkumWe4EaybKEaiQLBOMLmb+Z0npjSP5aPJEuZHZCR5yCkxVvIyfIPdQbXm1J058CpxC1KDAq1B9as/jGkaMWmoIFr3XCcxfk6U4VSwaaWfapYQOiEj1rNUkohpP58fO8VnVhniMFa2pMFz9fdETiKtsyiwnRExY73szcT/vF5qwms/5zJJDZN0sShMBTYxnn2Oh1wxakRmCaGK21sxHRNFqLH5VGwI7vLLq6R9UXcv642HRq15W8RRhhM4hXNw4QqacA8t8IACh2d4hTck0Qt6Rx+L1hIqZo7hD9DnD4d1jds=</latexit>

y < 1
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The Minima of VdGB

13

❖ V(phi) is a function of the primary invariants:
<latexit sha1_base64="0HCbhXUY1PU+abqpwoOmULiKo5g=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCAhJ2NagXIejF3CKYByTLMjuZTYbMPpiZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuuru8mDOpLOvbWFpeWV1bz23kN7e2d3bNvf2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD24nfeqRCsih8UKOYOgHuh8xnBCstueZhs9itD1gJXSO/WHPPT1HNrZRcs2CVrSnQIrEzUoAMddf86vYikgQ0VIRjKTu2FSsnxUIxwuk4300kjTEZ4j7taBrigEonnZ4/Rida6SE/ErpChabq74kUB1KOAk93BlgN5Lw3Ef/zOonyr5yUhXGiaEhmi/yEIxWhSRaoxwQlio80wUQwfSsiAywwUTqxvA7Bnn95kTTPyvZFuXJfKVRvsjhycATHUAQbLqEKd1CHBhBI4Rle4c14Ml6Md+Nj1rpkZDMH8AfG5w/mbJLh</latexit>

V (�) = f(I3, I4)

❖ Next, we want to parameterize the low energy theory 
after Vd takes a vev

❖ The critical points of VI occur when:

Depends on the particular 
form of the potential 

Depends on the structure 
of the invariants 

<latexit sha1_base64="gargnC2crmRN0G9lKCWnenshwEY="></latexit>

@V

@�j
=

X

i

@V

@Ii

@Ii
@�j

= 0

<latexit sha1_base64="/PBcEjoL6LxmAtxucc266vsbl5k="></latexit>

VdGB

<latexit sha1_base64="pXbsrD9Jf7QRkmpb2LrRLKNENs8="></latexit>

V (�)

<latexit sha1_base64="pXbsrD9Jf7QRkmpb2LrRLKNENs8="></latexit>

V (�)

<latexit sha1_base64="0HCbhXUY1PU+abqpwoOmULiKo5g=">AAAB/nicbVDLSgNBEOz1GeNrVTx5GQxCAhJ2NagXIejF3CKYByTLMjuZTYbMPpiZFcIS8Fe8eFDEq9/hzb9xkuxBEwsaiqpuuru8mDOpLOvbWFpeWV1bz23kN7e2d3bNvf2mjBJBaINEPBJtD0vKWUgbiilO27GgOPA4bXnD24nfeqRCsih8UKOYOgHuh8xnBCstueZhs9itD1gJXSO/WHPPT1HNrZRcs2CVrSnQIrEzUoAMddf86vYikgQ0VIRjKTu2FSsnxUIxwuk4300kjTEZ4j7taBrigEonnZ4/Rida6SE/ErpChabq74kUB1KOAk93BlgN5Lw3Ef/zOonyr5yUhXGiaEhmi/yEIxWhSRaoxwQlio80wUQwfSsiAywwUTqxvA7Bnn95kTTPyvZFuXJfKVRvsjhycATHUAQbLqEKd1CHBhBI4Rle4c14Ml6Md+Nj1rpkZDMH8AfG5w/mbJLh</latexit>

V (�) = f(I3, I4)
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The Natural Minima
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❖ The space spanned by I_3 and I_4 given the nonlinearity constraint is bounded

❖ At the boundaries, the trajectories must reverse, and D0IDPHI is forced to 
change signs

❖ The natural extrema live on the boundaries. Where the edges meet at points 
give maximally natural extrema 

<latexit sha1_base64="Nk3ZXdEs4wHEC4CQICVZQ14uj2Q="></latexit>I4
<latexit sha1_base64="JhDz6ha53iuRd27T5C4KnwLba6s="></latexit>I3

<latexit sha1_base64="NCuJ2IZ/liPqvMf5VXjtbhkW5Tc="></latexit>

@Ii/@�j
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<latexit sha1_base64="ypnk8Qa/DOny92oq9Bt1intdhQc="></latexit>

I3 =
fp
3


�f2

3
+ ⇡2

1 + ⇡2
2 �

1

3
p
2f

�
⇡3
1 � 3⇡1⇡

2
2

�
� 17

24f2

�
⇡2
1 + ⇡2

2

�2
�
+ ...

<latexit sha1_base64="CgIxA/f7YRD2mPce9u38KxTP/2A="></latexit>

I4 =
4f2

3


f2

4
+ ⇡2

1 + ⇡2
2 +

1p
2f

�
⇡3
1 � 3⇡1⇡

2
2

�
� 29

24f2

�
⇡2
1 + ⇡2

2

�2
�
+ ...

❖ Once a minimum is identified, one can write down the invariants in terms of 
the dGB fields expanded about that minimum

The dGB Fields

❖ The Z3 symmetry is manifest, which can be seen by looking at the 
invariants of Z3: 

<latexit sha1_base64="tilm0uS4+HjMQLFMHEvTbYfMmLA="></latexit>

I(2,Z3)
3 = ⇡3

1 � 3⇡1⇡
2
2

<latexit sha1_base64="V8aQM16bTbpG7hBbdpeF3VCrKJ8=">AAACKXicbVDLSsNAFJ34rPVVdelmsAgVS0liUTdC0Y3uKtgHNmmYTCbt0MmDmYlQQn/C3/AH3OofuFO3gt/hpO1CWw8MHM65j7nHjRkVUtc/tIXFpeWV1dxafn1jc2u7sLPbFFHCMWngiEW87SJBGA1JQ1LJSDvmBAUuIy13cJX5rQfCBY3COzmMiR2gXkh9ipFUklMoWwGSfYxYejNyzG5aMsvw3jk5GsELaMXUMbomPB4zs2s6haJe0ceA88SYkiKYou4Uvi0vwklAQokZEqJj6LG0U8QlxYyM8lYiSIzwAPVIR9EQBUTY6fiqETxUigf9iKsXSjhWf3ekKBBiGLiqMrtBzHqZ+K/niWzgzHbpn9spDeNEkhBPlvsJgzKCWWzQo5xgyYaKIMyp+j/EfcQRlircvArGmI1hnjTNinFaqd5Wi7XLaUQ5sA8OQAkY4AzUwDWogwbA4BE8gxfwqj1pb9q79jkpXdCmPXvgD7SvHyZOpJU=</latexit>

I(2,Z3)
2 = ⇡2

1 + ⇡2
2

➡ degenerate dGBs

 

I I

<latexit sha1_base64="k0nKez1yqEp8qdzgCU0oqA3yVf8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNa1GXVjcsK9oHTYcikaRuaSYbkjlCGfoYbF4q49Wvc+Tem7Sy09UDgcM695J4TJYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aRqWasiZVQulORAwTXLImcBCsk2hG4kiwdjS6nfrtJ6YNV/IBxgkLYjKQvM8pASv512ENd0Hhx/A8LFfcqjsDXiZeTiooRyMsf3V7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzU6e4BOr9HBfafsk4Jn6eyMjsTHjOLKTMYGhWfSm4n+en0L/Ksi4TFJgks4/6qcC25DT/LjHNaMgxpYQqrm9FdMh0YSCbalkS/AWIy+T1lnVu6jW7muV+k1eRxEdoWN0ijx0ieroDjVQE1Gk0DN6RW8OOC/Ou/MxHy04+c4h+gPn8wegW5Aw</latexit>

A4 ! Z3

 

I

99

g DX

<latexit sha1_base64="k0nKez1yqEp8qdzgCU0oqA3yVf8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNa1GXVjcsK9oHTYcikaRuaSYbkjlCGfoYbF4q49Wvc+Tem7Sy09UDgcM695J4TJYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aRqWasiZVQulORAwTXLImcBCsk2hG4kiwdjS6nfrtJ6YNV/IBxgkLYjKQvM8pASv512ENd0Hhx/A8LFfcqjsDXiZeTiooRyMsf3V7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzU6e4BOr9HBfafsk4Jn6eyMjsTHjOLKTMYGhWfSm4n+en0L/Ksi4TFJgks4/6qcC25DT/LjHNaMgxpYQqrm9FdMh0YSCbalkS/AWIy+T1lnVu6jW7muV+k1eRxEdoWN0ijx0ieroDjVQE1Gk0DN6RW8OOC/Ou/MxHy04+c4h+gPn8wegW5Aw</latexit>

A4 ! Z3

<latexit sha1_base64="G+XoWedf8/zudpdZJsmVJDDrHag=">AAACGXicbVDLTgIxFO34RHyNunTTSExcmMkMIsKO4MYlJvKIQEin3IGGziNtx4RM5jfc+CtuXGiMS135N5bHQsGbtDk5557b2+NGnEll29/Gyura+sZmZiu7vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3Q90ZsPICQLgzs1jqDrk0HAPEaJ0lTPtDt98LR3OimJIlXlMaSJGLhpYjnl/Dm28qWivguX5TR737vomTnbsqeFl4EzBzk0r1rP/Oz0Qxr7ECjKiZRtx45UNyFCMcohzXZiCRGhIzKAtoYB8UF2k+k+KT7VTB97odAnUHjK/nYkxJdy7Lu60ydqKBe1Cfmf1o6VV+omLIhiBQGdPeTFHKsQT2LCfSaAKj7WgFDB9K6YDokgVOkwszoEZ/HLy6CRt5yiVbgt5CrVeRwZdIxO0Bly0BWqoBtUQ3VE0SN6Rq/ozXgyXox342PWumLMPUfoTxlfPy+ynm8=</latexit>

Z3
<latexit sha1_base64="G+XoWedf8/zudpdZJsmVJDDrHag=">AAACGXicbVDLTgIxFO34RHyNunTTSExcmMkMIsKO4MYlJvKIQEin3IGGziNtx4RM5jfc+CtuXGiMS135N5bHQsGbtDk5557b2+NGnEll29/Gyura+sZmZiu7vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3Q90ZsPICQLgzs1jqDrk0HAPEaJ0lTPtDt98LR3OimJIlXlMaSJGLhpYjnl/Dm28qWivguX5TR737vomTnbsqeFl4EzBzk0r1rP/Oz0Qxr7ECjKiZRtx45UNyFCMcohzXZiCRGhIzKAtoYB8UF2k+k+KT7VTB97odAnUHjK/nYkxJdy7Lu60ydqKBe1Cfmf1o6VV+omLIhiBQGdPeTFHKsQT2LCfSaAKj7WgFDB9K6YDokgVOkwszoEZ/HLy6CRt5yiVbgt5CrVeRwZdIxO0Bly0BWqoBtUQ3VE0SN6Rq/ozXgyXox342PWumLMPUfoTxlfPy+ynm8=</latexit>

Z3
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❖ What does it mean for the dGB to be light?

The dGB Masses
❖ The I_3 and I_4 will source mass terms for the dGBs, and these will be 

quadratically sensitive to f  

Px

<latexit sha1_base64="WhkCzQBP6o3shpDREMGAks6ptiY=">AAACJXicbVBNSwMxFMz6WetX1aOXYBE8ld1S1IOHUi8eFawK3bpk09caTDZL8lYsa/+MF/+KFw+KCJ78K6a1B20dCAwz83h5E6dSWPT9T29mdm5+YbGwVFxeWV1bL21sXlidGQ5NrqU2VzGzIEUCTRQo4So1wFQs4TK+PR76l3dgrNDJOfZTaCvWS0RXcIZOikpHKgpTcV0NG6L3EIUI95hLrdMBDa1QNPDD3ZD+k0EDMIhKZb/ij0CnSTAmZTLGaVR6CzuaZwoS5JJZ2wr8FNs5Myi4hEExzCykjN+yHrQcTZgC285HVw7orlM6tKuNewnSkfp7ImfK2r6KXVIxvLGT3lD8z2tl2D1s5yJJM4SE/yzqZpKipsPKaEcY4Cj7jjBuhPsr5TfMMI6u2KIrIZg8eZpcVCvBfqV2VivXG+M6CmSb7JA9EpADUicn5JQ0CSeP5Jm8kjfvyXvx3r2Pn+iMN57ZIn/gfX0DCeqlnw==</latexit>

m2
⇡

���
loop

⇠ 10% m2
⇡

���
tree

 

Px

➡ Decently stable

<latexit sha1_base64="1c6X5l/EatIGaDsiRn0hOYi9Vrs=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4Kkkp6rHoxWMF+wFJLJvtpl26uwm7E6GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU34Lrfztr6xubWdmmnvLu3f3BYOTrumCTTlLVpIhLdi4hhgivWBg6C9VLNiIwE60bj25nffWLa8EQ9wCRloSRDxWNOCVjJl/0g5Y91HCjer1TdmjsHXiVeQaqoQKtf+QoGCc0kU0AFMcb33BTCnGjgVLBpOcgMSwkdkyHzLVVEMhPm85On+NwqAxwn2pYCPFd/T+REGjORke2UBEZm2ZuJ/3l+BvF1mHOVZsAUXSyKM4EhwbP/8YBrRkFMLCFUc3srpiOiCQWbUtmG4C2/vEo69Zp3WWvcN6rNmyKOEjpFZ+gCeegKNdEdaqE2oihBz+gVvTngvDjvzseidc0pZk7QHzifP56lkNU=</latexit>

m2
⇡ 3

,

<latexit sha1_base64="Nk3ZXdEs4wHEC4CQICVZQ14uj2Q="></latexit>I4
<latexit sha1_base64="JhDz6ha53iuRd27T5C4KnwLba6s="></latexit>I3

<latexit sha1_base64="ZB7zgUPlQZHvxl7jJp5BF1HZT0k="></latexit>I3, I4
<latexit sha1_base64="ZB7zgUPlQZHvxl7jJp5BF1HZT0k="></latexit>I3, I4

<latexit sha1_base64="qaEgiQa/B54X9UeFMZbciBJC6fg="></latexit>

m2
⇡ =

✓
2p
3
c3 +

8

3
c4

◆
f2 +

✓
� 17

12
p
3⇡2

c3 �
29

9⇡2
c4

◆
f2

<latexit sha1_base64="wf5pEPcD8AViG3f67Uva4yCayno="></latexit>

m2
⇡ =

✓
2p
3
ĉ3 +

8

3
ĉ4

◆
f2 +

✓
� 17

12
p
3⇡2

ĉ3 �
29

9⇡2
ĉ4

◆
f2

<latexit sha1_base64="nyMgDxfpWeVKQdAc/n+2p2B3zes=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFcSElqUZdFNy4r2Ac0bZhMJ+3QmUmYmQgldOfGX3HjQhG3/oI7/8ZJm4W2HrhwOOde7r0niBlV2nG+raXlldW19cJGcXNre2fX3ttvqiiRmDRwxCLZDpAijArS0FQz0o4lQTxgpBWMbjK/9UCkopG41+OYdDkaCBpSjLSRfPuI+15MexXoKcqhN0QaYj89P4PVCQx7Fd8uOWVnCrhI3JyUQI66b395/QgnnAiNGVKq4zqx7qZIaooZmRS9RJEY4REakI6hAnGiuun0jwk8MUofhpE0Jcwhmfp7IkVcqTEPTCdHeqjmvUz8z+skOrzqplTEiSYCzxaFCYM6glkosE8lwZqNDUFYUnMrxEMkEdYmuqIJwZ1/eZE0K2X3oly9q5Zq13kcBXAIjsEpcMElqIFbUAcNgMEjeAav4M16sl6sd+tj1rpk5TMH4A+szx8l4JeS</latexit>

m2
⇡ ⇠ ĉ3,4f

2
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❖ Above MI, the GT log divergent diagrams we can make (at one loop) are: 

The dGB Mass Protection

❖ Below IM, we have more operators, and could be worried about diagrams like: 

❖ Consider again the theory above f 
with a single fermion with mass IM:

 

go

 

go

<latexit sha1_base64="zml4yXUyp+38Bj6uHfg2GsMoQ7w=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUU9SFMGLUMF+QBvKZrtpl242YXejllD/ihcPinj1h3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF39xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IeXE795T6VikbjTo5h6Ie4LFjCCtZG6drHzKFl/oLGU0UN6hc7Rzbhrl5yyMwVaJG5GSpCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOB0XOomiMSZD3KdtQwUOqfLS6fFjdGiUHgoiaUpoNFV/T6Q4VGoU+qYzxHqg5r2J+J/XTnRw5qVMxImmgswWBQlHOkKTJFCPSUo0HxmCiWTmVkQGWGKiTV4FE4I7//IiaRyX3ZNy5bZSql5kceRhHw7gCFw4hSpcQw3qQGAEz/AKb9aT9WK9Wx+z1pyVzRThD6zPH18FlJc=</latexit>

E>M����!

  

<latexit sha1_base64="TBWD5xAITTImpZOF3uHwVEtAiCY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyUoi6LbnRXwT6gMwyZNG1DM0lIMkIZCv6KGxeKuPU73Pk3ZtpZaOuBwOGce8m5J5aMauN5387K6tr6xmZpq7y9s7u37x4ctrVIFSYtLJhQ3RhpwignLUMNI12pCEpiRjrx+Cb3O49EaSr4g5lIEiZoyOmAYmSsFLnHgVRCGgGDBJkRRiy7m0a1yK14VW8GuEz8glRAgWbkfgV9gdOEcIMZ0rrne9KEGVKGYkam5SDVRCI8RkPSs5SjhOgwm8WfwjOr9OFAKPu4gTP190aGEq0nSWwn85B60cvF/7xeagZXYUa5TA3heP7RIGXQnpt3AftUEWzYxBKEFbVZIR4hhbCxjZVtCf7iycukXav6F9X6fb3SuC7qKIETcArOgQ8uQQPcgiZoAQwy8AxewZvz5Lw4787HfHTFKXaOwB84nz9AR5Wu</latexit>/ I2 ➡ Can’t contribute to pion mass

<latexit sha1_base64="UXB31yq5MpNICvdGehLZyI837Uk=">AAACGnicbVDLSsNAFJ34rPUVdelmsAgupCSlVJdFN7oQKtgHNDFMppN26EwSZiZCCfkON/6KGxeKuBM3/o2TNgttvTDM4Zx7ueceP2ZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/I6NEYNLGEYtEz0eSMBqStqKKkV4sCOI+I11/fJnr3QciJI3COzWJicvRMKQBxUhpyjNtR1IOnRFSEHsN5xQ6HKkRRiy9zrwGdAKBcApv7mswS2GQf55ZsarWtOAisAtQAUW1PPPTGUQ44SRUmCEp+7YVKzdFQlHMSFZ2EklihMdoSPoahogT6abT0zJ4rJkBDCKhX6g95uzviRRxKSfc1525cTmv5eR/Wj9Rwbmb0jBOFAnxbFGQMKgimOcEB1QQrNhEA4QF1V4hHiGdhtJplnUI9vzJi6BTq9qNav22XmleFHGUwCE4AifABmegCa5AC7QBBo/gGbyCN+PJeDHejY9Z65JRzByAP2V8/QBDeJ8j</latexit>

⇠ ĉ6 I6
M2

f2
➡ Sourcing an I_4, which we know contributes 

to the pion mass

<latexit sha1_base64="t+1vw5Vj8oVLHH9USsB4kD6avKw=">AAACF3icbVDLTgIxFO34xPGFunTTSExcmMkMQYQdwY1LTOSRACGdcgcaOo+0HRMymb9w46+4caExbnXn31hgFgrepM3JOffc3h434kwq2/421tY3Nre2czvm7t7+wWH+6Lglw1hQaNKQh6LjEgmcBdBUTHHoRAKI73Jou5Obmd5+ACFZGNyraQR9n4wC5jFKlKYGeas3BE9755OSKFJ1HkOaiJGbJpZTLV5iq1gp67t0VU1Nb5Av2JY9L7wKnAwUUFaNQf6rNwxp7EOgKCdSdh07Uv2ECMUoh9TsxRIiQidkBF0NA+KD7CfzbVJ8rpkh9kKhT6DwnP3tSIgv5dR3dadP1FguazPyP60bK6/ST1gQxQoCunjIizlWIZ6FhIdMAFV8qgGhguldMR0TQajSUZo6BGf5y6ugVbScslW6KxVq9SyOHDpFZ+gCOega1dAtaqAmougRPaNX9GY8GS/Gu/GxaF0zMs8J+lPG5w/6z53V</latexit>

f
<latexit sha1_base64="gtQTpFlwAWFGrNMNL/EPvcKjg3E=">AAACF3icbVDLTgIxFO3gC/GFunTTSExcmMkMQYQdwY0bE0zkkQAhnXIHGjqPtB0TMpm/cOOvuHGhMW51599YBhYK3qTNyTn33N4eJ+RMKsv6NjJr6xubW9nt3M7u3v5B/vCoJYNIUGjSgAei4xAJnPnQVExx6IQCiOdwaDuT65nefgAhWeDfq2kIfY+MfOYySpSmBnmzNwRXe9NJcRiqOo8gicXISWLTrhYvsFmslPVduqwmudtBvmCZVlp4FdgLUECLagzyX71hQCMPfEU5kbJrW6Hqx0QoRjkkuV4kISR0QkbQ1dAnHsh+nG6T4DPNDLEbCH18hVP2tyMmnpRTz9GdHlFjuazNyP+0bqTcSj9mfhgp8On8ITfiWAV4FhIeMgFU8akGhAqmd8V0TAShSkeZ0yHYy19eBa2iaZfN0l2pUKsv4siiE3SKzpGNrlAN3aAGaiKKHtEzekVvxpPxYrwbH/PWjLHwHKM/ZXz+ANTrnbw=</latexit>

M

<latexit sha1_base64="gtQTpFlwAWFGrNMNL/EPvcKjg3E=">AAACF3icbVDLTgIxFO3gC/GFunTTSExcmMkMQYQdwY0bE0zkkQAhnXIHGjqPtB0TMpm/cOOvuHGhMW51599YBhYK3qTNyTn33N4eJ+RMKsv6NjJr6xubW9nt3M7u3v5B/vCoJYNIUGjSgAei4xAJnPnQVExx6IQCiOdwaDuT65nefgAhWeDfq2kIfY+MfOYySpSmBnmzNwRXe9NJcRiqOo8gicXISWLTrhYvsFmslPVduqwmudtBvmCZVlp4FdgLUECLagzyX71hQCMPfEU5kbJrW6Hqx0QoRjkkuV4kISR0QkbQ1dAnHsh+nG6T4DPNDLEbCH18hVP2tyMmnpRTz9GdHlFjuazNyP+0bqTcSj9mfhgp8On8ITfiWAV4FhIeMgFU8akGhAqmd8V0TAShSkeZ0yHYy19eBa2iaZfN0l2pUKsv4siiE3SKzpGNrlAN3aAGaiKKHtEzekVvxpPxYrwbH/PWjLHwHKM/ZXz+ANTrnbw=</latexit>

M
<latexit sha1_base64="pZKib/2xmFE8W6g/WMDf3Prnrt8=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwIcNMqbXdSKkblxXsA9pSMumdNjTzIMkIZZj/cOOvuHGhiCvBhX9j+lho64WEwzn33NwcN+JMKtv+NjJr6xubW9nt3M7u3v6BeXjUlGEsKDRoyEPRdokEzgJoKKY4tCMBxHc5tNzxzVRvPYCQLAzu1SSCnk+GAfMYJUpTfbPQHYCnvbNJSRSpGo8hTcTQTRPLqRQusFUol/RdvKykuesuD4d9M29b9qzwKnAWII8WVe+bn91BSGMfAkU5kbLj2JHqJUQoRjmkuW4sISJ0TIbQ0TAgPsheMtsoxWeaGWAvFPoECs/Y346E+FJOfFd3+kSN5LI2Jf/TOrHyyr2EBVGsIKDzh7yYYxXiaVB4wARQxScaECqY3hXTERGEKh1nTofgLH95FTQLllOyinfFfLW2iCOLTtApOkcOukJVdIvqqIEoekTP6BW9GU/Gi/FufMxbM8bCc4z+lPH1AwZyn3M=</latexit>

> log

<latexit sha1_base64="Nk3ZXdEs4wHEC4CQICVZQ14uj2Q="></latexit>I4

<latexit sha1_base64="gtQTpFlwAWFGrNMNL/EPvcKjg3E=">AAACF3icbVDLTgIxFO3gC/GFunTTSExcmMkMQYQdwY0bE0zkkQAhnXIHGjqPtB0TMpm/cOOvuHGhMW51599YBhYK3qTNyTn33N4eJ+RMKsv6NjJr6xubW9nt3M7u3v5B/vCoJYNIUGjSgAei4xAJnPnQVExx6IQCiOdwaDuT65nefgAhWeDfq2kIfY+MfOYySpSmBnmzNwRXe9NJcRiqOo8gicXISWLTrhYvsFmslPVduqwmudtBvmCZVlp4FdgLUECLagzyX71hQCMPfEU5kbJrW6Hqx0QoRjkkuV4kISR0QkbQ1dAnHsh+nG6T4DPNDLEbCH18hVP2tyMmnpRTz9GdHlFjuazNyP+0bqTcSj9mfhgp8On8ITfiWAV4FhIeMgFU8akGhAqmd8V0TAShSkeZ0yHYy19eBa2iaZfN0l2pUKsv4siiE3SKzpGNrlAN3aAGaiKKHtEzekVvxpPxYrwbH/PWjLHwHKM/ZXz+ANTrnbw=</latexit>

M
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The dGB Mass Protection

❖ Below IM, we have more operators, and could be worried about diagrams like: 

❖ Consider again the theory above f 
with a single fermion with mass IM:

 

go

 

go

<latexit sha1_base64="zml4yXUyp+38Bj6uHfg2GsMoQ7w=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5JIUU9SFMGLUMF+QBvKZrtpl242YXejllD/ihcPinj1h3jz37htc9DWBwOP92aYmefHnCntON9Wbml5ZXUtv17Y2Nza3rF39xoqSiShdRLxSLZ8rChngtY105y2Yklx6HPa9IeXE795T6VikbjTo5h6Ie4LFjCCtZG6drHzKFl/oLGU0UN6hc7Rzbhrl5yyMwVaJG5GSpCh1rW/Or2IJCEVmnCsVNt1Yu2lWGpGOB0XOomiMSZD3KdtQwUOqfLS6fFjdGiUHgoiaUpoNFV/T6Q4VGoU+qYzxHqg5r2J+J/XTnRw5qVMxImmgswWBQlHOkKTJFCPSUo0HxmCiWTmVkQGWGKiTV4FE4I7//IiaRyX3ZNy5bZSql5kceRhHw7gCFw4hSpcQw3qQGAEz/AKb9aT9WK9Wx+z1pyVzRThD6zPH18FlJc=</latexit>

E>M����!

  

<latexit sha1_base64="TBWD5xAITTImpZOF3uHwVEtAiCY=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgqsyUoi6LbnRXwT6gMwyZNG1DM0lIMkIZCv6KGxeKuPU73Pk3ZtpZaOuBwOGce8m5J5aMauN5387K6tr6xmZpq7y9s7u37x4ctrVIFSYtLJhQ3RhpwignLUMNI12pCEpiRjrx+Cb3O49EaSr4g5lIEiZoyOmAYmSsFLnHgVRCGgGDBJkRRiy7m0a1yK14VW8GuEz8glRAgWbkfgV9gdOEcIMZ0rrne9KEGVKGYkam5SDVRCI8RkPSs5SjhOgwm8WfwjOr9OFAKPu4gTP190aGEq0nSWwn85B60cvF/7xeagZXYUa5TA3heP7RIGXQnpt3AftUEWzYxBKEFbVZIR4hhbCxjZVtCf7iycukXav6F9X6fb3SuC7qKIETcArOgQ8uQQPcgiZoAQwy8AxewZvz5Lw4787HfHTFKXaOwB84nz9AR5Wu</latexit>/ I2 ➡ Can’t contribute to pion mass

<latexit sha1_base64="UXB31yq5MpNICvdGehLZyI837Uk=">AAACGnicbVDLSsNAFJ34rPUVdelmsAgupCSlVJdFN7oQKtgHNDFMppN26EwSZiZCCfkON/6KGxeKuBM3/o2TNgttvTDM4Zx7ueceP2ZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/I6NEYNLGEYtEz0eSMBqStqKKkV4sCOI+I11/fJnr3QciJI3COzWJicvRMKQBxUhpyjNtR1IOnRFSEHsN5xQ6HKkRRiy9zrwGdAKBcApv7mswS2GQf55ZsarWtOAisAtQAUW1PPPTGUQ44SRUmCEp+7YVKzdFQlHMSFZ2EklihMdoSPoahogT6abT0zJ4rJkBDCKhX6g95uzviRRxKSfc1525cTmv5eR/Wj9Rwbmb0jBOFAnxbFGQMKgimOcEB1QQrNhEA4QF1V4hHiGdhtJplnUI9vzJi6BTq9qNav22XmleFHGUwCE4AifABmegCa5AC7QBBo/gGbyCN+PJeDHejY9Z65JRzByAP2V8/QBDeJ8j</latexit>

⇠ ĉ6 I6
M2

f2

<latexit sha1_base64="t+1vw5Vj8oVLHH9USsB4kD6avKw=">AAACF3icbVDLTgIxFO34xPGFunTTSExcmMkMQYQdwY1LTOSRACGdcgcaOo+0HRMymb9w46+4caExbnXn31hgFgrepM3JOffc3h434kwq2/421tY3Nre2czvm7t7+wWH+6Lglw1hQaNKQh6LjEgmcBdBUTHHoRAKI73Jou5Obmd5+ACFZGNyraQR9n4wC5jFKlKYGeas3BE9755OSKFJ1HkOaiJGbJpZTLV5iq1gp67t0VU1Nb5Av2JY9L7wKnAwUUFaNQf6rNwxp7EOgKCdSdh07Uv2ECMUoh9TsxRIiQidkBF0NA+KD7CfzbVJ8rpkh9kKhT6DwnP3tSIgv5dR3dadP1FguazPyP60bK6/ST1gQxQoCunjIizlWIZ6FhIdMAFV8qgGhguldMR0TQajSUZo6BGf5y6ugVbScslW6KxVq9SyOHDpFZ+gCOega1dAtaqAmougRPaNX9GY8GS/Gu/GxaF0zMs8J+lPG5w/6z53V</latexit>

f
<latexit sha1_base64="gtQTpFlwAWFGrNMNL/EPvcKjg3E=">AAACF3icbVDLTgIxFO3gC/GFunTTSExcmMkMQYQdwY0bE0zkkQAhnXIHGjqPtB0TMpm/cOOvuHGhMW51599YBhYK3qTNyTn33N4eJ+RMKsv6NjJr6xubW9nt3M7u3v5B/vCoJYNIUGjSgAei4xAJnPnQVExx6IQCiOdwaDuT65nefgAhWeDfq2kIfY+MfOYySpSmBnmzNwRXe9NJcRiqOo8gicXISWLTrhYvsFmslPVduqwmudtBvmCZVlp4FdgLUECLagzyX71hQCMPfEU5kbJrW6Hqx0QoRjkkuV4kISR0QkbQ1dAnHsh+nG6T4DPNDLEbCH18hVP2tyMmnpRTz9GdHlFjuazNyP+0bqTcSj9mfhgp8On8ITfiWAV4FhIeMgFU8akGhAqmd8V0TAShSkeZ0yHYy19eBa2iaZfN0l2pUKsv4siiE3SKzpGNrlAN3aAGaiKKHtEzekVvxpPxYrwbH/PWjLHwHKM/ZXz+ANTrnbw=</latexit>

M

<latexit sha1_base64="gtQTpFlwAWFGrNMNL/EPvcKjg3E=">AAACF3icbVDLTgIxFO3gC/GFunTTSExcmMkMQYQdwY0bE0zkkQAhnXIHGjqPtB0TMpm/cOOvuHGhMW51599YBhYK3qTNyTn33N4eJ+RMKsv6NjJr6xubW9nt3M7u3v5B/vCoJYNIUGjSgAei4xAJnPnQVExx6IQCiOdwaDuT65nefgAhWeDfq2kIfY+MfOYySpSmBnmzNwRXe9NJcRiqOo8gicXISWLTrhYvsFmslPVduqwmudtBvmCZVlp4FdgLUECLagzyX71hQCMPfEU5kbJrW6Hqx0QoRjkkuV4kISR0QkbQ1dAnHsh+nG6T4DPNDLEbCH18hVP2tyMmnpRTz9GdHlFjuazNyP+0bqTcSj9mfhgp8On8ITfiWAV4FhIeMgFU8akGhAqmd8V0TAShSkeZ0yHYy19eBa2iaZfN0l2pUKsv4siiE3SKzpGNrlAN3aAGaiKKHtEzekVvxpPxYrwbH/PWjLHwHKM/ZXz+ANTrnbw=</latexit>

M

➡ M sensitivity cancels out

<latexit sha1_base64="7OvxQNgHD+hNR2Tyx2ZDNxL0AhU="></latexit>

⇠ ĉ6 I6
M2

f2
⇠ y6

✓
f

M

◆2 M2

f2

where

<latexit sha1_base64="istc7ZCO0aaDsuTju9f/qmW6i6o=">AAACGnicbZDLSsNAFIYnXmu9VV26GSxCXVgSKeqy6MaNUMFeoEnLZDpph04mYeZECKHP4cZXceNCEXfixrdxello6w8DH/85hznn92PBNdj2t7W0vLK6tp7byG9ube/sFvb2GzpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94fW43nxgSvNI3kMaMy8kfckDTgkYq1tw3AEBTLsSu5qHOO0YECyAEnYDRSgO8C12Fe8P4KSTydMKHnULRbtsT4QXwZlBEc1U6xY+3V5Ek5BJoIJo3XbsGLyMKOBUsFHeTTSLCR2SPmsblCRk2ssmp43wsXF6OIiUedIsOnZ/T2Qk1DoNfdMZEhjo+drY/K/WTiC49DIu4wSYpNOPgkRgiPA4J9zjilEQqQFCFTe7YjogJhIwaeZNCM78yYvQOCs75+XKXaVYvZrFkUOH6AiVkIMuUBXdoBqqI4oe0TN6RW/Wk/VivVsf09YlazZzgP7I+voBKLKfEw==</latexit>

ĉn ⇠ yn
✓

f

M

◆n�4

❖ Above MI, the GT log divergent diagrams we can make (at one loop) are: 
<latexit sha1_base64="gtQTpFlwAWFGrNMNL/EPvcKjg3E=">AAACF3icbVDLTgIxFO3gC/GFunTTSExcmMkMQYQdwY0bE0zkkQAhnXIHGjqPtB0TMpm/cOOvuHGhMW51599YBhYK3qTNyTn33N4eJ+RMKsv6NjJr6xubW9nt3M7u3v5B/vCoJYNIUGjSgAei4xAJnPnQVExx6IQCiOdwaDuT65nefgAhWeDfq2kIfY+MfOYySpSmBnmzNwRXe9NJcRiqOo8gicXISWLTrhYvsFmslPVduqwmudtBvmCZVlp4FdgLUECLagzyX71hQCMPfEU5kbJrW6Hqx0QoRjkkuV4kISR0QkbQ1dAnHsh+nG6T4DPNDLEbCH18hVP2tyMmnpRTz9GdHlFjuazNyP+0bqTcSj9mfhgp8On8ITfiWAV4FhIeMgFU8akGhAqmd8V0TAShSkeZ0yHYy19eBa2iaZfN0l2pUKsv4siiE3SKzpGNrlAN3aAGaiKKHtEzekVvxpPxYrwbH/PWjLHwHKM/ZXz+ANTrnbw=</latexit>

M
<latexit sha1_base64="pZKib/2xmFE8W6g/WMDf3Prnrt8=">AAACG3icbVDLSgMxFM3UV62vUZdugkVwIcNMqbXdSKkblxXsA9pSMumdNjTzIMkIZZj/cOOvuHGhiCvBhX9j+lho64WEwzn33NwcN+JMKtv+NjJr6xubW9nt3M7u3v6BeXjUlGEsKDRoyEPRdokEzgJoKKY4tCMBxHc5tNzxzVRvPYCQLAzu1SSCnk+GAfMYJUpTfbPQHYCnvbNJSRSpGo8hTcTQTRPLqRQusFUol/RdvKykuesuD4d9M29b9qzwKnAWII8WVe+bn91BSGMfAkU5kbLj2JHqJUQoRjmkuW4sISJ0TIbQ0TAgPsheMtsoxWeaGWAvFPoECs/Y346E+FJOfFd3+kSN5LI2Jf/TOrHyyr2EBVGsIKDzh7yYYxXiaVB4wARQxScaECqY3hXTERGEKh1nTofgLH95FTQLllOyinfFfLW2iCOLTtApOkcOukJVdIvqqIEoekTP6BW9GU/Gi/FufMxbM8bCc4z+lPH1AwZyn3M=</latexit>

> log
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<latexit sha1_base64="k0nKez1yqEp8qdzgCU0oqA3yVf8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNa1GXVjcsK9oHTYcikaRuaSYbkjlCGfoYbF4q49Wvc+Tem7Sy09UDgcM695J4TJYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aRqWasiZVQulORAwTXLImcBCsk2hG4kiwdjS6nfrtJ6YNV/IBxgkLYjKQvM8pASv512ENd0Hhx/A8LFfcqjsDXiZeTiooRyMsf3V7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzU6e4BOr9HBfafsk4Jn6eyMjsTHjOLKTMYGhWfSm4n+en0L/Ksi4TFJgks4/6qcC25DT/LjHNaMgxpYQqrm9FdMh0YSCbalkS/AWIy+T1lnVu6jW7muV+k1eRxEdoWN0ijx0ieroDjVQE1Gk0DN6RW8OOC/Ou/MxHy04+c4h+gPn8wegW5Aw</latexit>

A4 ! Z3

 

I

99

g DX

❖ Two degenerate dGB, guaranteed by the preserved 
Z3 symmetry:

<latexit sha1_base64="F1iNVexvmXsms5T5/6OotmGvt5c=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUlKUTdC0Y3LCvYBbQyT6aQdOpmEmYlQQnHjr7hxoYhbv8Kdf+O0zUJbDwyce8693LknSDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVhDZIzGPZDrCinAna0Exz2k4kxVHAaSsYXk/81gOVisXiTo8S6kW4L1jICNZG8u3DyM+6CfPd8X0FXaK8qpjKt0tO2ZkCLRI3JyXIUfftr24vJmlEhSYcK9VxnUR7GZaaEU7HxW6qaILJEPdpx1CBI6q8bHrCGJ0YpYfCWJonNJqqvycyHCk1igLTGWE9UPPeRPzP66Q6vPAyJpJUU0Fmi8KUIx2jSR6oxyQlmo8MwUQy81dEBlhiok1qRROCO3/yImlWyu5ZuXpbLdWu8jgKcATHcAounEMNbqAODSDwCM/wCm/Wk/VivVsfs9YlK585gD+wPn8AusiWXg==</latexit>

m2
⇡1

= m2
⇡2

❖ If the SM production process is uncharged under the discrete group:

<latexit sha1_base64="l+3+M0/Oo/6LnjPF+SaOCsp2/AA="></latexit>

Lint /
1

Mm
O

SM
I3

<latexit sha1_base64="2P4yGBj6UgGsG9SdpgIuWuDoEaA="></latexit>

I3 3 fp
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
⇡2
1 + ⇡2

2 +
1

3
p
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�
⇡3
1 � 3⇡1⇡

2
2

�
� 17

24f2

�
⇡2
1 + ⇡2

2

�2
�

2-pion production 3-pion production 4-pion production

❖ Assume the I_3 operator is the leading term: 

 

I I

Phenomenology of A4 dGBs
<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

<latexit sha1_base64="JhDz6ha53iuRd27T5C4KnwLba6s="></latexit>I3 
 

 

<latexit sha1_base64="G+XoWedf8/zudpdZJsmVJDDrHag=">AAACGXicbVDLTgIxFO34RHyNunTTSExcmMkMIsKO4MYlJvKIQEin3IGGziNtx4RM5jfc+CtuXGiMS135N5bHQsGbtDk5557b2+NGnEll29/Gyura+sZmZiu7vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3Q90ZsPICQLgzs1jqDrk0HAPEaJ0lTPtDt98LR3OimJIlXlMaSJGLhpYjnl/Dm28qWivguX5TR737vomTnbsqeFl4EzBzk0r1rP/Oz0Qxr7ECjKiZRtx45UNyFCMcohzXZiCRGhIzKAtoYB8UF2k+k+KT7VTB97odAnUHjK/nYkxJdy7Lu60ydqKBe1Cfmf1o6VV+omLIhiBQGdPeTFHKsQT2LCfSaAKj7WgFDB9K6YDokgVOkwszoEZ/HLy6CRt5yiVbgt5CrVeRwZdIxO0Bly0BWqoBtUQ3VE0SN6Rq/ozXgyXox342PWumLMPUfoTxlfPy+ynm8=</latexit>

Z3
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<latexit sha1_base64="d1KcHrUQOqfWZsFitljdmwmws/Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/vVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/TAY61</latexit>⇡l

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="kyw+JrWGsHSPHTid69NHqLXBBt0="></latexit>

� (SM ! 3⇡)

� (SM ! 4⇡)
=

36f2

19(17)2
⇧3

⇧4

<latexit sha1_base64="q34SF0WoxEZoPvmbeJGoa9/aC4o="></latexit>

� (SM ! 2⇡)

� (SM ! 3⇡)
= 2f2⇧2

⇧3

Phenomenology of A4 dGBs
<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

❖ Because these interactions all stem from the same 
operator, there is a consistent pattern of production 
cross sections

<latexit sha1_base64="l+3+M0/Oo/6LnjPF+SaOCsp2/AA="></latexit>

Lint /
1

Mm
O

SM
I3

❖ This cross section information tells us 
about the A4 symmetry, not just the 
preserved Z3.

<latexit sha1_base64="G+XoWedf8/zudpdZJsmVJDDrHag=">AAACGXicbVDLTgIxFO34RHyNunTTSExcmMkMIsKO4MYlJvKIQEin3IGGziNtx4RM5jfc+CtuXGiMS135N5bHQsGbtDk5557b2+NGnEll29/Gyura+sZmZiu7vbO7t28eHDZkGAsKdRryULRcIoGzAOqKKQ6tSADxXQ5Nd3Q90ZsPICQLgzs1jqDrk0HAPEaJ0lTPtDt98LR3OimJIlXlMaSJGLhpYjnl/Dm28qWivguX5TR737vomTnbsqeFl4EzBzk0r1rP/Oz0Qxr7ECjKiZRtx45UNyFCMcohzXZiCRGhIzKAtoYB8UF2k+k+KT7VTB97odAnUHjK/nYkxJdy7Lu60ydqKBe1Cfmf1o6VV+omLIhiBQGdPeTFHKsQT2LCfSaAKj7WgFDB9K6YDokgVOkwszoEZ/HLy6CRt5yiVbgt5CrVeRwZdIxO0Bly0BWqoBtUQ3VE0SN6Rq/ozXgyXox342PWumLMPUfoTxlfPy+ynm8=</latexit>

Z3

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4
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❖ Irreducible representations of A5:

❖ Consider the dGB’s stemming from a scalar 
field in the triplet representation of

 

<latexit sha1_base64="Jrq5H8KwLNETt7APwKiv2JV0dBY=">AAACC3icbVC7TsMwFL3hWcorwMhitUIwVQmUx1jBwlgk+pDaqHIcp7XqOMF2kKqqOwu/wsIAQqz8ABt/g9sGCVqOZN2jc+7V9T1+wpnSjvNlLSwuLa+s5tby6xubW9v2zm5dxakktEZiHsumjxXlTNCaZprTZiIpjnxOG37/auw37qlULBa3epBQL8JdwUJGsDZSxy64qH2X4gCd/NTDjJSzetqxi07JmQDNEzcjRchQ7dif7SAmaUSFJhwr1XKdRHtDLDUjnI7y7VTRBJM+7tKWoQJHVHnDyS0jdGCUAIWxNE9oNFF/TwxxpNQg8k1nhHVPzXpj8T+vlerwwhsykaSaCjJdFKYc6RiNg0EBk5RoPjAEE8nMXxHpYYmJNvHlTQju7MnzpH5ccs9K5ZtysXKZxZGDfSjAEbhwDhW4hirUgMADPMELvFqP1rP1Zr1PWxesbGYP/sD6+AaqoZhL</latexit>

1 3 30 4 5

❖ A4 is a subgroup of

<latexit sha1_base64="iKxA+r1Tztod2vGXJr9OVX5KV5w="></latexit>

I(3,A5)
10 = I2I2

4 + 38 I2
3I4 �

7

11
I3
2I4 �

128

11
p
5
I2
2I6 +

6p
5
I4I6

<latexit sha1_base64="Nu1AP0sT8gJ3waX5sJCUumyD0Jc="></latexit>

I(3,A5)
6 = 22 I2

3 + I2I4 � 2
p
5I6

<latexit sha1_base64="Rwhi3K0+TPgyXcWrOy4s5aW+ZeY=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoICWp9bERqm50V8E+oK1hMp20QycPZiZCCfkON/6KGxeKuBM3/o2TNAvbemDgzDn3cu89dsCokIbxo+UWFpeWV/KrhbX1jc0tfXunKfyQY9LAPvN520aCMOqRhqSSkXbACXJtRlr26DrxW4+EC+p793IckJ6LBh51KEZSSZZudl0khxix6Da2Kg9RKf3bTnQcH8FL6+QwhhdwqsbSi0bZSAHniZmRIshQt/Svbt/HoUs8iRkSomMagexFiEuKGYkL3VCQAOERGpCOoh5yiehF6WkxPFBKHzo+V8+TMFX/dkTIFWLs2qoyWVLMeon4n9cJpXPei6gXhJJ4eDLICRmUPkxygn3KCZZsrAjCnKpdIR4ijrBUaRZUCObsyfOkWSmbp+XqXbVYu8riyIM9sA9KwARnoAZuQB00AAZP4AW8gXftWXvVPrTPSWlOy3p2wRS071+J/p/s</latexit>

I(3,A5)
2 = I2

❖  The primary invariants of the triplet of A5:

<latexit sha1_base64="OPrn9To2fMx2MkOxuGBmpa6PAGA=">AAACFnicbVDLSgMxFM3UV62vUVfiJliEClJman0si25cVrAPaIchk8m0oZnMkGSkpRR/wx9wq3/gTty69Qf8DjPtLLT1Qg6Hc+7NTY4XMyqVZX0ZuaXlldW1/HphY3Nre8fc3WvKKBGYNHDEItH2kCSMctJQVDHSjgVBocdIyxvcpH7rgQhJI36vRjFxQtTjNKAYKS255kFp6NqncOhWUjhLoZrC+YlrFq2yNS24SOyMFEFWddf87voRTkLCFWZIyo5txcoZI6EoZmRS6CaSxAgPUI90NOUoJNIZT78wgcda8WEQCX24glP198QYhVKOQk93hkj15byXiv96vkwvnNuugitnTHmcKMLxbHmQMKgimGYEfSoIVmykCcKC6vdD3EcCYaWTLOhg7PkYFkmzUrYvytW7arF2nUWUB4fgCJSADS5BDdyCOmgADB7BM3gBr8aT8Wa8Gx+z1pyRzeyDP2V8/gBZcJze</latexit>

(x1, x2, x3, x4, x5)
Even permutations of:

are the invariants ofwhere
<latexit sha1_base64="UWRkTJgTH0QIoCy9Q6G8D1g+CxU=">AAACJXicbVDLSsNAFJ34rPUVdelmsAgVpCS1VBcuim50V8E+oA1hMp20QyeTMDMRSujPuPFX3LiwiODKX3HSZtGHBwbOOfde5t7jRYxKZVk/xtr6xubWdm4nv7u3f3BoHh03ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUN79N664UISUP+rEYRcQLU59SnGCltueZtsRsgNcCIJY9jt3wJ5+XVoqwsyuqFaxaskjUFXCV2RgogQ901J91eiOOAcIUZkrJjW5FyEiQUxYyM891YkgjhIeqTjqYcBUQ6yfTKMTzXTg/6odCPKzh15ycSFEg5CjzdmW4pl2up+V+tEyv/xkkoj2JFOJ595McMqhCmkcEeFQQrNtIEYUH1rhAPkEBY6WDzOgR7+eRV0iyX7Gqp8lQp1O6yOHLgFJyBIrDBNaiBB1AHDYDBK3gHn2BivBkfxpfxPWtdM7KZE7AA4/cPGnCkaA==</latexit>

(I2, I3, I4, I6)

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5
<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

The Triplet of A5
<latexit sha1_base64="5qOSGvyWYAQdEETnXCiNp7LlyHY=">AAACKXicbVDLTgIxFO3gC/E16tJNIzFxYSYzBBB2iBuXmMgjAUI65Q40dB5pOyZkwu+48VfcaKJRt/6I5bEQ8CZtTs655972uBFnUtn2l5Ha2Nza3knvZvb2Dw6PzOOThgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemObqd68xGEZGHwoMYRdH0yCJjHKFGa6pmVTh887Z1NSqJIVXkMk0QM3EliOeXcFbZypaK+84XyJNNZbsM3vULPzNqWPSu8DpwFyKJF1XrmW6cf0tiHQFFOpGw7dqS6CRGKUQ56RywhInREBtDWMCA+yG4yWzzBF5rpYy8U+gQKz9i/joT4Uo59V3f6RA3lqjYl/9PasfJK3YQFUawgoPNFXsyxCvE0NtxnAqjiYw0IFUy/FdMhEYQqHW5Gh+CsfnkdNHKWU7Ty9/lspbqII43O0Dm6RA66RhV0h2qojih6Qi/oHX0Yz8ar8Wl8z1tTxsJzipbK+PkFWNWlZw==</latexit>

A5
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❖ The most general potential of the dGB’s:
<latexit sha1_base64="K82UmE62bpbg6EEU5kC6aa02I+w="></latexit>

VdGB = f2⇤2


ĉ6

I6
f6

+ ĉ10
I10
f10

+ ĉ12
I2
6

f12
+ ĉ15

I15
f15

+ ...

�

❖ Note that the A5 symmetry forbids c_N for

➡ This leads to an enhanced suppression for m_pi:

➡ All terms in the potential come from higher dimensional operators

<latexit sha1_base64="ZNCGehyEb2zkW7jAIQgDt2Dqh5w=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUppbosunFZwT6gacNkOmmHzkzCzEQoobjxV9y4UMStX+HOv3HSZqGtBy4czrmXe+8JYkaVdpxvq7C2vrG5Vdwu7ezu7R/Yh0dtFSUSkxaOWCS7AVKEUUFammpGurEkiAeMdILJTeZ3HohUNBL3ehqTPkcjQUOKkTaSb59w34vpoAo9RTn0xkhD7NdhOKj6dtmpOHPAVeLmpAxyNH37yxtGOOFEaMyQUj3XiXU/RVJTzMis5CWKxAhP0Ij0DBWIE9VP5y/M4LlRhjCMpClhbsjU3xMp4kpNeWA6OdJjtexl4n9eL9HhVT+lIk40EXixKEwY1BHM8oBDKgnWbGoIwpKaWyEeI4mwNqmVTAju8surpF2tuPVK7a5WblzncRTBKTgDF8AFl6ABbkETtAAGj+AZvII368l6sd6tj0VrwcpnjsEfWJ8/CZiV6w==</latexit>

m2
⇡ ⇠ ĉ6f

2

More suppressed Still tied to f

<latexit sha1_base64="istc7ZCO0aaDsuTju9f/qmW6i6o=">AAACGnicbZDLSsNAFIYnXmu9VV26GSxCXVgSKeqy6MaNUMFeoEnLZDpph04mYeZECKHP4cZXceNCEXfixrdxello6w8DH/85hznn92PBNdj2t7W0vLK6tp7byG9ube/sFvb2GzpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94fW43nxgSvNI3kMaMy8kfckDTgkYq1tw3AEBTLsSu5qHOO0YECyAEnYDRSgO8C12Fe8P4KSTydMKHnULRbtsT4QXwZlBEc1U6xY+3V5Ek5BJoIJo3XbsGLyMKOBUsFHeTTSLCR2SPmsblCRk2ssmp43wsXF6OIiUedIsOnZ/T2Qk1DoNfdMZEhjo+drY/K/WTiC49DIu4wSYpNOPgkRgiPA4J9zjilEQqQFCFTe7YjogJhIwaeZNCM78yYvQOCs75+XKXaVYvZrFkUOH6AiVkIMuUBXdoBqqI4oe0TN6RW/Wk/VivVsf09YlazZzgP7I+voBKLKfEw==</latexit>

ĉn ⇠ yn
✓

f

M

◆n�4

The Lighter A5  dGB 
<latexit sha1_base64="5qOSGvyWYAQdEETnXCiNp7LlyHY=">AAACKXicbVDLTgIxFO3gC/E16tJNIzFxYSYzBBB2iBuXmMgjAUI65Q40dB5pOyZkwu+48VfcaKJRt/6I5bEQ8CZtTs655972uBFnUtn2l5Ha2Nza3knvZvb2Dw6PzOOThgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemObqd68xGEZGHwoMYRdH0yCJjHKFGa6pmVTh887Z1NSqJIVXkMk0QM3EliOeXcFbZypaK+84XyJNNZbsM3vULPzNqWPSu8DpwFyKJF1XrmW6cf0tiHQFFOpGw7dqS6CRGKUQ56RywhInREBtDWMCA+yG4yWzzBF5rpYy8U+gQKz9i/joT4Uo59V3f6RA3lqjYl/9PasfJK3YQFUawgoPNFXsyxCvE0NtxnAqjiYw0IFUy/FdMhEYQqHW5Gh+CsfnkdNHKWU7Ty9/lspbqII43O0Dm6RA66RhV0h2qojih6Qi/oHX0Yz8ar8Wl8z1tTxsJzipbK+PkFWNWlZw==</latexit>

A5

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5

<latexit sha1_base64="mLaGw6NjuAATsPZBmesKETbA10o=">AAACHnicbVBLTwIxEO7iC/GFevTSSEw8mM0uAYQbwYtHTOSRACHdMgsN3UfargnZ8Eu8+Fe8eNAYE0/6b+zCHhScZJov38w3M/2ckDOpLOvbyGxsbm3vZHdze/sHh0f545O2DCJBoUUDHoiuQyRw5kNLMcWhGwognsOh40xvknrnAYRkgX+vZiEMPDL2mcsoUZoa5sv9Ebhau5gUh6Fq8AjmsRg789i0a8UrbBarFf2WyrV5rj8hCtOh1hUs01oEXgd2CgoojeYw/9kfBTTywFeUEyl7thWqQUyEYpSDHhxJCAmdkjH0NPSJB3IQL46a4wvNjLAbCJ2+3p+wvxUx8aSceY7u9IiayNVaQv5X60XKrQ5i5oeRAp8uF7kRxyrAiVd4xARQxWcaECqYvhXTCRGEKu1oTptgr355HbSLpl0xS3elQr2R2pFFZ+gcXSIbXaM6ukVN1EIUPaJn9IrejCfjxXg3PpatGSPVnKI/YXz9AEIhoJ4=</latexit>

ĉn
<latexit sha1_base64="YNDdt8hJFhMabtyU5jq/8Y9LQIk=">AAACGXicbVDLSgMxFM3UVx1foy7dBIvgQoaZUmsLLkQ3LhWsCm0pmcydNjSTGZKMUIb5DTf+ihsXirjUlX9jWrtQ64WEwzn33NycIOVMac/7tEpz8wuLS+Vle2V1bX3D2dy6VkkmKbRowhN5GxAFnAloaaY53KYSSBxwuAmGZ2P95g6kYom40qMUujHpCxYxSrSheo7XCSEy3smkPE31Kc+gyGU/KHLXb1YPsFtt1M1dO2wWtjiu95yK53qTwrPAn4IKmtZFz3nvhAnNYhCacqJU2/dS3c2J1IxyKOxOpiAldEj60DZQkBhUN5/sU+A9w4Q4SqQ5QuMJ+9ORk1ipURyYzpjogfqrjcn/tHamo0Y3ZyLNNAj6/VCUcawTPI4Jh0wC1XxkAKGSmV0xHRBJqDZh2iYE/++XZ8F11fXrbu2yVjk5ncZRRjtoF+0jHx2hE3SOLlALUXSPHtEzerEerCfr1Xr7bi1ZU882+lXWxxcdh55j</latexit>

n < 6

<latexit sha1_base64="cGXK3u0XgmBzVb+BJjJ8TVLEvPw=">AAACG3icbVDLSgMxFM34rPVVdekmWAQXMsyUWttdqRuXFewD2lIy6Z02NDMTkoxQhvkPN/6KGxeKuBJc+Demj4W2Xkg4nHPPzc3xBGdKO863tba+sbm1ndnJ7u7tHxzmjo6bKoolhQaNeCTbHlHAWQgNzTSHtpBAAo9DyxvfTPXWA0jFovBeTwT0AjIMmc8o0Ybq5wrdAfjGO5uUCKFrPIY0kUMvTWy3UrjEdqFcMnfxqpJmg35XsH4u79jOrPAqcBcgjxZV7+c+u4OIxgGEmnKiVMd1hO4lRGpGOaTZbqxAEDomQ+gYGJIAVC+ZbZTic8MMsB9Jc0KNZ+xvR0ICpSaBZzoDokdqWZuS/2mdWPvlXsJCEWsI6fwhP+ZYR3gaFB4wCVTziQGESmZ2xXREJKHaxJk1IbjLX14FzYLtluziXTFfrS3iyKBTdIYukIuuURXdojpqIIoe0TN6RW/Wk/VivVsf89Y1a+E5QX/K+voBPyyfmA==</latexit>m⇡

❖ Going to larger symmetry groups gives even stronger suppression
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❖ Two degenerate dGB, guaranteed by the preserved 
Z5 symmetry:

<latexit sha1_base64="F1iNVexvmXsms5T5/6OotmGvt5c=">AAACAnicbVDLSsNAFL3xWesr6krcDBbBVUlKUTdC0Y3LCvYBbQyT6aQdOpmEmYlQQnHjr7hxoYhbv8Kdf+O0zUJbDwyce8693LknSDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVhDZIzGPZDrCinAna0Exz2k4kxVHAaSsYXk/81gOVisXiTo8S6kW4L1jICNZG8u3DyM+6CfPd8X0FXaK8qpjKt0tO2ZkCLRI3JyXIUfftr24vJmlEhSYcK9VxnUR7GZaaEU7HxW6qaILJEPdpx1CBI6q8bHrCGJ0YpYfCWJonNJqqvycyHCk1igLTGWE9UPPeRPzP66Q6vPAyJpJUU0Fmi8KUIx2jSR6oxyQlmo8MwUQy81dEBlhiok1qRROCO3/yImlWyu5ZuXpbLdWu8jgKcATHcAounEMNbqAODSDwCM/wCm/Wk/VivVsfs9YlK585gD+wPn8AusiWXg==</latexit>

m2
⇡1

= m2
⇡2

2-pion production 4-pion production 5-pion production

<latexit sha1_base64="AjA6RjNNgCxc/C74M0O9XXzpZfY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNi1WXVjcsK9oHTYcikmTY0kwzJHaGUfoYbF4q49Wvc+Tem7Sy09UDgcM695J4TpYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aRmWasiZVQulORAwTXLImcBCsk2pGkkiwdjS8nfrtJ6YNV/IBRikLEtKXPOaUgJX867CGu6DwY1gLyxW36s6Al4mXkwrK0QjLX92eolnCJFBBjPE9N4VgTDRwKtik1M0MSwkdkj7zLZUkYSYYz06e4BOr9HCstH0S8Ez9vTEmiTGjJLKTCYGBWfSm4n+en0F8FYy5TDNgks4/ijOBbchpftzjmlEQI0sI1dzeiumAaELBtlSyJXiLkZdJ66zqXVTP788r9Zu8jiI6QsfoFHnoEtXRHWqgJqJIoWf0it4ccF6cd+djPlpw8p1D9AfO5w+k75Az</latexit>

A5 ! Z5

<latexit sha1_base64="HHyd9HeGOME9zLqf8GgZuB+Q/Ls="></latexit>

Lint /
1

Mm
O

SM
I
(3,A5)
6 + ...

<latexit sha1_base64="Ewhx5EWmYxxDGrbza354C1tDjfU="></latexit>

I(3,A5)
6 =

32

5
f4


f2

32
+ ⇡2

1 + ⇡2
2 �

31

12f2

�
⇡2
1 + ⇡2

2

�2 � 1

4f3

�
⇡5
1 � 10⇡3

1⇡
2
2 + 5⇡1⇡

4
2

��

 

u
r

v

n n

j L
r

❖ If the SM production process is uncharged under the discrete group:

❖ Assume the I_3 operator is the leading term: 
<latexit sha1_base64="KiwnofU3cMDXyPLKY8wjXX0r0gY="></latexit>I6  

 

<latexit sha1_base64="MQvxt1zXeitlupzPjQl0VgH6l8M=">AAACGXicbVDLTgIxFO34RHyNunTTSExcmMkMAYQdwY1LTOQRgZBOuQMNnUfajgmZzG+48VfcuNAYl7rybyyPhYI3aXNyzj23t8eNOJPKtr+NtfWNza3tzE52d2//4NA8Om7KMBYUGjTkoWi7RAJnATQUUxzakQDiuxxa7vh6qrceQEgWBndqEkHPJ8OAeYwSpam+aXcH4GnvbFISRarGY0gTMXTTxHIq+Uts5cslfReKlTR73y/2zZxt2bPCq8BZgBxaVL1vfnYHIY19CBTlRMqOY0eqlxChGOWQZruxhIjQMRlCR8OA+CB7yWyfFJ9rZoC9UOgTKDxjfzsS4ks58V3d6RM1ksvalPxP68TKK/cSFkSxgoDOH/JijlWIpzHhARNAFZ9oQKhgeldMR0QQqnSYWR2Cs/zlVdDMW07JKtwWctXaIo4MOkVn6AI56ApV0Q2qowai6BE9o1f0ZjwZL8a78TFvXTMWnhP0p4yvHzK6nnE=</latexit>

Z5

Phenomenology of A5 to Z5
<latexit sha1_base64="oStZMQrz/6Kz5376cyhxvzLxras="></latexit>

A5 ! Z5
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2-pion production 4-pion production 5-pion production

<latexit sha1_base64="Ewhx5EWmYxxDGrbza354C1tDjfU="></latexit>

I(3,A5)
6 =

32

5
f4


f2

32
+ ⇡2

1 + ⇡2
2 �
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�
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4f3

�
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4
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Phenomenology of A5 to Z5
<latexit sha1_base64="oStZMQrz/6Kz5376cyhxvzLxras="></latexit>

A5 ! Z5

<latexit sha1_base64="d1KcHrUQOqfWZsFitljdmwmws/Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/vVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/TAY61</latexit>⇡l
<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="d1KcHrUQOqfWZsFitljdmwmws/Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/vVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/TAY61</latexit>⇡l

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="AjA6RjNNgCxc/C74M0O9XXzpZfY=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNi1WXVjcsK9oHTYcikmTY0kwzJHaGUfoYbF4q49Wvc+Tem7Sy09UDgcM695J4TpYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aRmWasiZVQulORAwTXLImcBCsk2pGkkiwdjS8nfrtJ6YNV/IBRikLEtKXPOaUgJX867CGu6DwY1gLyxW36s6Al4mXkwrK0QjLX92eolnCJFBBjPE9N4VgTDRwKtik1M0MSwkdkj7zLZUkYSYYz06e4BOr9HCstH0S8Ez9vTEmiTGjJLKTCYGBWfSm4n+en0F8FYy5TDNgks4/ijOBbchpftzjmlEQI0sI1dzeiumAaELBtlSyJXiLkZdJ66zqXVTP788r9Zu8jiI6QsfoFHnoEtXRHWqgJqJIoWf0it4ccF6cd+djPlpw8p1D9AfO5w+k75Az</latexit>

A5 ! Z5
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n n

j L
r

<latexit sha1_base64="HHyd9HeGOME9zLqf8GgZuB+Q/Ls="></latexit>

Lint /
1

Mm
O

SM
I
(3,A5)
6 + ...❖ Assume the I_3 operator is the leading term: 

<latexit sha1_base64="KiwnofU3cMDXyPLKY8wjXX0r0gY="></latexit>I6



Rachel Houtz November, 2022

 

go

26

Conclusion

❖ dGBs have enhanced protection from quadratic divergences

❖ Degenerate pions reflecting preserved low energy symmetries

❖ Cross section ratios give access to nonlinearly realized symmetry 

❖ Wrote down an EFT of dGBs and classified its general features

 

e
<latexit sha1_base64="tXzLCBnTfRdr4XTk8x+h//Nbuas=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlKUTdC0Y3uqtgHNDFMppN26GQSZiZKCV268VfcuFDErZ/gzr9x0mahrQcuHM65l3vv8WNGpbKsb6OwsLi0vFJcLa2tb2xumds7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7w4vMb98TIWnEb9UoJm6I+pwGFCOlJc/cd25of6CQENEDdEKkBhix9GrsVeEZDO6qnlm2KtYEcJ7YOSmDHA3P/HJ6EU5CwhVmSMqubcXKTZFQFDMyLjmJJDHCQ9QnXU05Col008kjY3iolR4MIqGLKzhRf0+kKJRyFPq6MztVznqZ+J/XTVRw6qaUx4kiHE8XBQmDKoJZKrBHBcGKjTRBWFB9K8QDJBBWOruSDsGefXmetKoV+7hSu66V6+d5HEWwBw7AEbDBCaiDS9AATYDBI3gGr+DNeDJejHfjY9paMPKZXfAHxucPk66ZCg==</latexit>

) I2 = f2

 

I I
<latexit sha1_base64="k0nKez1yqEp8qdzgCU0oqA3yVf8=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNa1GXVjcsK9oHTYcikaRuaSYbkjlCGfoYbF4q49Wvc+Tem7Sy09UDgcM695J4TJYIbcN1vp7Cyura+UdwsbW3v7O6V9w9aRqWasiZVQulORAwTXLImcBCsk2hG4kiwdjS6nfrtJ6YNV/IBxgkLYjKQvM8pASv512ENd0Hhx/A8LFfcqjsDXiZeTiooRyMsf3V7iqYxk0AFMcb33ASCjGjgVLBJqZsalhA6IgPmWypJzEyQzU6e4BOr9HBfafsk4Jn6eyMjsTHjOLKTMYGhWfSm4n+en0L/Ksi4TFJgks4/6qcC25DT/LjHNaMgxpYQqrm9FdMh0YSCbalkS/AWIy+T1lnVu6jW7muV+k1eRxEdoWN0ijx0ieroDjVQE1Gk0DN6RW8OOC/Ou/MxHy04+c4h+gPn8wegW5Aw</latexit>

A4 ! Z3

 

I

99

g DX

❖ Nonlinearly realized discrete symmetries 
produce discrete Goldstone bosons 

<latexit sha1_base64="Nk3ZXdEs4wHEC4CQICVZQ14uj2Q="></latexit>I4

<latexit sha1_base64="istc7ZCO0aaDsuTju9f/qmW6i6o=">AAACGnicbZDLSsNAFIYnXmu9VV26GSxCXVgSKeqy6MaNUMFeoEnLZDpph04mYeZECKHP4cZXceNCEXfixrdxello6w8DH/85hznn92PBNdj2t7W0vLK6tp7byG9ube/sFvb2GzpKFGV1GolItXyimeCS1YGDYK1YMRL6gjX94fW43nxgSvNI3kMaMy8kfckDTgkYq1tw3AEBTLsSu5qHOO0YECyAEnYDRSgO8C12Fe8P4KSTydMKHnULRbtsT4QXwZlBEc1U6xY+3V5Ek5BJoIJo3XbsGLyMKOBUsFHeTTSLCR2SPmsblCRk2ssmp43wsXF6OIiUedIsOnZ/T2Qk1DoNfdMZEhjo+drY/K/WTiC49DIu4wSYpNOPgkRgiPA4J9zjilEQqQFCFTe7YjogJhIwaeZNCM78yYvQOCs75+XKXaVYvZrFkUOH6AiVkIMuUBXdoBqqI4oe0TN6RW/Wk/VivVsf09YlazZzgP7I+voBKLKfEw==</latexit>

ĉn ⇠ yn
✓

f

M

◆n�4

❖ Multi-particle invisible production 



Thank you!
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Phenomenology of A4 dGBs

<latexit sha1_base64="d1KcHrUQOqfWZsFitljdmwmws/Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/vVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/TAY61</latexit>⇡l

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

Plot lifted from Giudice, Gripaios, Mahbubani, 
arXiv:1108.1800

❖ In a collider, we can disentangle multi-
particle production via tails of 
kinematic variables like 

Herrero-Garcia, Scaffidi, White, Williams, arXiv:1709.01945

❖ Disentangling multicomponent DM 
in direct detection experiments is 
possible, but not promising for the 
degenerate case considered here

<latexit sha1_base64="8gJhFwYJ6YOcQ2fpGUeC8+rVTsE="></latexit>

/ET
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Phenomenology of A4 dGBs
<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

Plot lifted from Giudice, Gripaios, Mahbubani, 
arXiv:1108.1800

❖ In a collider, we can disentangle multi-particle production via tails of kinematic 
variables like 

<latexit sha1_base64="8gJhFwYJ6YOcQ2fpGUeC8+rVTsE="></latexit>

/ET
<latexit sha1_base64="cclP46t53ZMxJPP90aMpFdUPCO8="></latexit>

mT = mV +�
�✓

0

m2
I + 2

⇣q
/p2T (p2T +m2

V )� /pT · pT
⌘

❖ Works for heavy invisible as well:

❖ Disentangle scenarios by power law 
scaling, but there are some 
degeneracies that would need to be 
teased apart
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Nonlinearly Realized Discrete A4

<latexit sha1_base64="nmADd5A4m+p8ouAXPaCDmRmKAc4="></latexit>

V (�) = �m2

2
�T�+

�

4

�
�T�

�2❖ The field phi has an eSO(3) 
invariant potential in the UV:

❖ SO(3) is broken by A4 invariant Yukawa interactions:
<latexit sha1_base64="q0Gy6CBRb/YmGqpfOa/VjCLeePg="></latexit>

Lint = ya✏
ijk ̄i j�k + ys✏̃

ijk ̄i j�k

SO(3) invariant SO(3) breaking

<latexit sha1_base64="GLgUjmViJonziswY8S0VgXFaTiA=">AAACHXicbZDJSgNBEIZ7XGPcRj16aQyCpzAjQb0IQS8eI5gFMiH0dGqSNj0L3TVCmORFvPgqXjwo4sGL+DZ2loMm/tDw81UV1fX7iRQaHefbWlpeWV1bz23kN7e2d3btvf2ajlPFocpjGauGzzRIEUEVBUpoJApY6Euo+/3rcb3+AEqLOLrDQQKtkHUjEQjO0KC2XfJQyA54kGghDcjEfX9EL6knIcAhneOeEt0eDtt2wSk6E9FF485MgcxUadufXifmaQgRcsm0brpOgq2MKRRcwijvpRoSxvusC01jIxaCbmWT60b02JAODWJlXoR0Qn9PZCzUehD6pjNk2NPztTH8r9ZMMbhoZSJKUoSITxcFqaQY03FUtCMUcJQDYxhXwvyV8h5TjKMJNG9CcOdPXjS106J7Vizdlgrlq1kcOXJIjsgJcck5KZMbUiFVwskjeSav5M16sl6sd+tj2rpkzWYOyB9ZXz8mdqM2</latexit>

✏̃ijk = |✏ijk|

<latexit sha1_base64="N+VVIa+O9JXBBY0HShUbZve8JHk=">AAAB+XicbZDLSsNAFIZPvNZ6i7p0M1iEdlOSWtRl0Y07K9oLtKFMppN26GQSZiaFEvomblwo4tY3cefbOG2z0NYfBj7+cw5zzu/HnCntON/W2vrG5tZ2bie/u7d/cGgfHTdVlEhCGyTikWz7WFHOBG1opjltx5Li0Oe05Y9uZ/XWmErFIvGkJzH1QjwQLGAEa2P1bPvxvnhRQl0dIUOVEurZBafszIVWwc2gAJnqPfur249IElKhCcdKdVwn1l6KpWaE02m+mygaYzLCA9oxKHBIlZfON5+ic+P0URBJ84RGc/f3RIpDpSahbzpDrIdquTYz/6t1Eh1ceykTcaKpIIuPgoQjc+csBtRnkhLNJwYwkczsisgQS0y0CStvQnCXT16FZqXsXparD9VC7SaLIwencAZFcOEKanAHdWgAgTE8wyu8Wan1Yr1bH4vWNSubOYE/sj5/AOOMkT4=</latexit>

SO(3) ! SO(2)
<latexit sha1_base64="sX/1Nad/xZcbk9vNsFG4fga96KU="></latexit>

�(⇡1,⇡2) =

0

@
�1

�2

�3

1

A = exp

2

4 1

f

0

@
0 0 ⇡1

0 0 ⇡2

�⇡1 �⇡2 0

1

A

3

5

0

@
0
0
f

1

A

❖ Upon SSB:

  Das, Hook, arXiv:2006.10767

<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

<latexit sha1_base64="p+rbcGWr2QkxtvlSXSzlkT6PeoA=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6RVoh6JXryJ0QIJNGS7bGHDdtvsbk1Iw2/w4kFjvPqDvPlvXKAHBV8yyct7M5mZFyScKe0431ZhZXVtfaO4Wdra3tnds/cPmipOJaEeiXks2wFWlDNBPc00p+1EUhwFnLaC0c3Ubz1RqVgsHvU4oX6EB4KFjGBtJO/hrnJ+2rPLTtWZAS0TNydlyNHo2V/dfkzSiApNOFaq4zqJ9jMsNSOcTkrdVNEEkxEe0I6hAkdU+dns2Ak6MUofhbE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+ukOrzyMyaSVFNB5ovClCMdo+nnqM8kJZqPDcFEMnMrIkMsMdEmn5IJwV18eZk0z6ruRbV2XyvXr/M4inAEx1ABFy6hDrfQAA8IMHiGV3izhPVivVsf89aClc8cwh9Ynz+HVY3b</latexit>

SO(3)
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4
<latexit sha1_base64="p+rbcGWr2QkxtvlSXSzlkT6PeoA=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6RVoh6JXryJ0QIJNGS7bGHDdtvsbk1Iw2/w4kFjvPqDvPlvXKAHBV8yyct7M5mZFyScKe0431ZhZXVtfaO4Wdra3tnds/cPmipOJaEeiXks2wFWlDNBPc00p+1EUhwFnLaC0c3Ubz1RqVgsHvU4oX6EB4KFjGBtJO/hrnJ+2rPLTtWZAS0TNydlyNHo2V/dfkzSiApNOFaq4zqJ9jMsNSOcTkrdVNEEkxEe0I6hAkdU+dns2Ak6MUofhbE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+ukOrzyMyaSVFNB5ovClCMdo+nnqM8kJZqPDcFEMnMrIkMsMdEmn5IJwV18eZk0z6ruRbV2XyvXr/M4inAEx1ABFy6hDrfQAA8IMHiGV3izhPVivVsf89aClc8cwh9Ynz+HVY3b</latexit>

SO(3)
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Das, Hook, arXiv:2006.10767

❖ The pions still have a nonzero mass from the SO(3)-breaking terms

❖ Nonlinearly realized A4 offers protection and guarantees nonzero mass for 
associated light pGB fields 

 

 

 

 

<latexit sha1_base64="1Glrt83oly+l5zMMvzctka+omBs=">AAACBnicbVDLSgMxFM34rPU16lKEYBHaTZmpRV0W3bizon1AZyiZNG1DM8mQZNQydOXGX3HjQhG3foM7/8a0nYW2HggczrmXm3OCiFGlHefbWlhcWl5Zzaxl1zc2t7btnd26ErHEpIYFE7IZIEUY5aSmqWakGUmCwoCRRjC4GPuNOyIVFfxWDyPih6jHaZdipI3Utg+8B0l7fY2kFPfJzVX+uOBpAQ0pFeCobeecojMBnCduSnIgRbVtf3kdgeOQcI0ZUqrlOpH2EyQ1xYyMsl6sSITwAPVIy1COQqL8ZBJjBI+M0oFdIc3jGk7U3xsJCpUahoGZDJHuq1lvLP7ntWLdPfMTyqNYE46nh7oxgybouBPYoZJgzYaGICyp+SvEfSQR1qa5rCnBnY08T+qlontSLF+Xc5XztI4M2AeHIA9ccAoq4BJUQQ1g8AiewSt4s56sF+vd+piOLljpzh74A+vzB0p+l7U=</latexit>

SO(3)!SO(2)���������!

<latexit sha1_base64="1Glrt83oly+l5zMMvzctka+omBs=">AAACBnicbVDLSgMxFM34rPU16lKEYBHaTZmpRV0W3bizon1AZyiZNG1DM8mQZNQydOXGX3HjQhG3foM7/8a0nYW2HggczrmXm3OCiFGlHefbWlhcWl5Zzaxl1zc2t7btnd26ErHEpIYFE7IZIEUY5aSmqWakGUmCwoCRRjC4GPuNOyIVFfxWDyPih6jHaZdipI3Utg+8B0l7fY2kFPfJzVX+uOBpAQ0pFeCobeecojMBnCduSnIgRbVtf3kdgeOQcI0ZUqrlOpH2EyQ1xYyMsl6sSITwAPVIy1COQqL8ZBJjBI+M0oFdIc3jGk7U3xsJCpUahoGZDJHuq1lvLP7ntWLdPfMTyqNYE46nh7oxgybouBPYoZJgzYaGICyp+SvEfSQR1qa5rCnBnY08T+qlontSLF+Xc5XztI4M2AeHIA9ccAoq4BJUQQ1g8AiewSt4s56sF+vd+piOLljpzh74A+vzB0p+l7U=</latexit>

SO(3)!SO(2)���������!

➡ How general is this?

<latexit sha1_base64="s1crRGTK1dIUxquQPJcAEJEofoM=">AAACI3icbVA9SwNBEN2L3/Hr1NJmMQixCXcaVKyCNpYK5gOyMext9pIlu3fH7pwQjvwXG/+KjYUiNhb+FzfxCk18MPB4b4aZeUEihQHP+3QKC4tLyyura8X1jc2tbXdnt2HiVDNeZ7GMdSughksR8ToIkLyVaE5VIHkzGF5N/OYD10bE0R2MEt5RtB+JUDAKVuq6F8QIhUf3JzjEqksSIzCRcZ9IHkIZk1BTluXGOMNEpXiMiRb9ARx13ZJX8abA88TPSQnluOm676QXs1TxCJikxrR9L4FORjUIJvm4SFLDE8qGtM/blkZUcdPJpj+O8aFVejiMta0I8FT9PZFRZcxIBbZTURiYWW8i/ue1UwjPO5mIkhR4xH4WhanEEONJYLgnNGcgR5ZQpoW9FbMBtbmAjbVoQ/BnX54njeOKf1qp3lZLtcs8jlW0jw5QGfnoDNXQNbpBdcTQI3pGr+jNeXJenHfn46e14OQze+gPnK9vnHmjqw==</latexit>

⇠ y3fm log

✓
m 

µ

◆

<latexit sha1_base64="GWyhPBIFgumpKDzhvKwtR8c+r78=">AAACHnicbVDJSgNBEO1xjXGLevTSGIR4CTMhLsegF48RzALpJPR0epIm3TNDd40QhnyJF3/FiwdFBE/6N3aWgyY+KHi8V0VVPT+WwoDrfjsrq2vrG5uZrez2zu7efu7gsG6iRDNeY5GMdNOnhksR8hoIkLwZa06VL3nDH95M/MYD10ZE4T2MYt5WtB+KQDAKVurmzokRCo86ZRx0SpjIqE8kD6CASaApS7HqktiIcYqJSvAYEy36Azjr5vJu0Z0CLxNvTvJojmo390l6EUsUD4FJakzLc2Nop1SDYJKPsyQxPKZsSPu8ZWlIFTftdPreGJ9apYeDSNsKAU/V3xMpVcaMlG87FYWBWfQm4n9eK4Hgqp2KME6Ah2y2KEgkhghPssI9oTkDObKEMi3srZgNqM0FbKJZG4K3+PIyqZeK3kWxfFfOV67ncWTQMTpBBeShS1RBt6iKaoihR/SMXtGb8+S8OO/Ox6x1xZnPHKE/cL5+AGsAoXY=</latexit>

⇠ y4f2 log

✓
m 

µ

◆
<latexit sha1_base64="C+vdINRl5I6v5WmAUqH7U5cEAIg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUY9FLx4r2A9oYthstu3SzSbsTgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5YSq4Bsf5tkobm1vbO+Xdyt7+weGRfXzS0UmmKGvTRCSqFxLNBJesDRwE66WKkTgUrBuO7+Z+d8KU5ol8hGnK/JgMJR9wSsBIgW17ERNAcByMnurYkzywq07NWQCvE7cgVVSgFdhfXpTQLGYSqCBa910nBT8nCjgVbFbxMs1SQsdkyPqGShIz7eeLy2f4wigRHiTKlAS8UH9P5CTWehqHpjMmMNKr3lz8z+tnMLjxcy7TDJiky0WDTGBI8DwGHHHFKIipIYQqbm7FdEQUoWDCqpgQ3NWX10mnXnOvao2HRrV5W8RRRmfoHF0iF12jJrpHLdRGFE3QM3pFb1ZuvVjv1seytWQVM6foD6zPH4NqkvE=</latexit>

�m2
h 3

<latexit sha1_base64="C+vdINRl5I6v5WmAUqH7U5cEAIg=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lKUY9FLx4r2A9oYthstu3SzSbsTgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5YSq4Bsf5tkobm1vbO+Xdyt7+weGRfXzS0UmmKGvTRCSqFxLNBJesDRwE66WKkTgUrBuO7+Z+d8KU5ol8hGnK/JgMJR9wSsBIgW17ERNAcByMnurYkzywq07NWQCvE7cgVVSgFdhfXpTQLGYSqCBa910nBT8nCjgVbFbxMs1SQsdkyPqGShIz7eeLy2f4wigRHiTKlAS8UH9P5CTWehqHpjMmMNKr3lz8z+tnMLjxcy7TDJiky0WDTGBI8DwGHHHFKIipIYQqbm7FdEQUoWDCqpgQ3NWX10mnXnOvao2HRrV5W8RRRmfoHF0iF12jJrpHLdRGFE3QM3pFb1ZuvVjv1seytWQVM6foD6zPH4NqkvE=</latexit>

�m2
h 3

Nonlinearly Realized Discrete A4
<latexit sha1_base64="Ff3pdmB0xF7v9PNcxE1Fx6rmng0=">AAACKnicbVDLTgIxFO3gC/GFunTTSExcmMkMGRF2gBuXmMgjAUI65Q40dB5pOyZkwve48VfcsNAQt36I5bEQ8CZtTs655972uBFnUlnWzEjt7O7tH6QPM0fHJ6dn2fOLhgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemOHud68xWEZGHwosYRdH0yCJjHKFGa6mUrnT542ruYlESRqvIYJokYuJPEtEv5O2zmiwV9O/elSaaz3oZxpef0sjnLtBaFt4G9Ajm0qlovO+30Qxr7ECjKiZRt24pUNyFCMcpBL4klRISOyADaGgbEB9lNFpsn+EYzfeyFQp9A4QX715EQX8qx7+pOn6ih3NTm5H9aO1ZesZuwIIoVBHS5yIs5ViGe54b7TABVfKwBoYLpt2I6JIJQpdPN6BDszS9vg0betAum8+zkytVVHGl0ha7RLbLRAyqjJ1RDdUTRG/pAn+jLeDemxsz4XramjJXnEq2V8fMLwxClkA==</latexit>

A4

<latexit sha1_base64="p+rbcGWr2QkxtvlSXSzlkT6PeoA=">AAAB7HicbVBNT8JAEJ3iF+JX1aOXjcQEL6RVoh6JXryJ0QIJNGS7bGHDdtvsbk1Iw2/w4kFjvPqDvPlvXKAHBV8yyct7M5mZFyScKe0431ZhZXVtfaO4Wdra3tnds/cPmipOJaEeiXks2wFWlDNBPc00p+1EUhwFnLaC0c3Ubz1RqVgsHvU4oX6EB4KFjGBtJO/hrnJ+2rPLTtWZAS0TNydlyNHo2V/dfkzSiApNOFaq4zqJ9jMsNSOcTkrdVNEEkxEe0I6hAkdU+dns2Ak6MUofhbE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+ukOrzyMyaSVFNB5ovClCMdo+nnqM8kJZqPDcFEMnMrIkMsMdEmn5IJwV18eZk0z6ruRbV2XyvXr/M4inAEx1ABFy6hDrfQAA8IMHiGV3izhPVivVsf89aClc8cwh9Ynz+HVY3b</latexit>

SO(3)

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys

<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys

<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys
<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys

<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys
<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys

<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys

<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys
<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys

<latexit sha1_base64="VIf7uhm2iN8V93JbttR137WDYzA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0Io/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIeMU95ENOhEpFgFK3k531Don615tbdOcgq8QpSgwLNfvWrN0hYFnOFTFJjup6bYjChGgWTfFrpZYanlI3pkHctVTTmJpjMj52SM6sMSJRoWwrJXP09MaGxMXkc2s6Y4sgsezPxP6+bYXQTTIRKM+SKLRZFmSSYkNnnZCA0ZyhzSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz+L246G</latexit>

ysf

<latexit sha1_base64="VIf7uhm2iN8V93JbttR137WDYzA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0Io/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIeMU95ENOhEpFgFK3k531Don615tbdOcgq8QpSgwLNfvWrN0hYFnOFTFJjup6bYjChGgWTfFrpZYanlI3pkHctVTTmJpjMj52SM6sMSJRoWwrJXP09MaGxMXkc2s6Y4sgsezPxP6+bYXQTTIRKM+SKLRZFmSSYkNnnZCA0ZyhzSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz+L246G</latexit>

ysf

<latexit sha1_base64="VIf7uhm2iN8V93JbttR137WDYzA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0Io/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIeMU95ENOhEpFgFK3k531Don615tbdOcgq8QpSgwLNfvWrN0hYFnOFTFJjup6bYjChGgWTfFrpZYanlI3pkHctVTTmJpjMj52SM6sMSJRoWwrJXP09MaGxMXkc2s6Y4sgsezPxP6+bYXQTTIRKM+SKLRZFmSSYkNnnZCA0ZyhzSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz+L246G</latexit>

ysf

<latexit sha1_base64="yWkOpSDSrBjQs+rYom9DNSFXAuc=">AAACHHicbVDLSgMxFM3UV62vqks3wSK4kGGm1kd3pW5cVrAPaEvJpHfa0MxMSDJCGeZD3Pgrblwo4saF4N+YPhbaeiHhcM49NzfHE5wp7TjfVmZldW19I7uZ29re2d3L7x80VBRLCnUa8Ui2PKKAsxDqmmkOLSGBBB6Hpje6mejNB5CKReG9HgvoBmQQMp9Rog3Vy593+uAb73RSIoSu8hjSRA68NLHdcvEM28XrS3OXLsppLuh1hGK9fMGxnWnhZeDOQQHNq9bLf3b6EY0DCDXlRKm26wjdTYjUjHJIc51YgSB0RAbQNjAkAahuMl0pxSeG6WM/kuaEGk/Z346EBEqNA890BkQP1aI2If/T2rH2r7sJC0WsIaSzh/yYYx3hSVK4zyRQzccGECqZ2RXTIZGEapNnzoTgLn55GTSKtntpl+5KhUp1HkcWHaFjdIpcdIUq6BbVUB1R9Iie0St6s56sF+vd+pi1Zqy55xD9KevrByPmoBU=</latexit>m 

<latexit sha1_base64="yWkOpSDSrBjQs+rYom9DNSFXAuc=">AAACHHicbVDLSgMxFM3UV62vqks3wSK4kGGm1kd3pW5cVrAPaEvJpHfa0MxMSDJCGeZD3Pgrblwo4saF4N+YPhbaeiHhcM49NzfHE5wp7TjfVmZldW19I7uZ29re2d3L7x80VBRLCnUa8Ui2PKKAsxDqmmkOLSGBBB6Hpje6mejNB5CKReG9HgvoBmQQMp9Rog3Vy593+uAb73RSIoSu8hjSRA68NLHdcvEM28XrS3OXLsppLuh1hGK9fMGxnWnhZeDOQQHNq9bLf3b6EY0DCDXlRKm26wjdTYjUjHJIc51YgSB0RAbQNjAkAahuMl0pxSeG6WM/kuaEGk/Z346EBEqNA890BkQP1aI2If/T2rH2r7sJC0WsIaSzh/yYYx3hSVK4zyRQzccGECqZ2RXTIZGEapNnzoTgLn55GTSKtntpl+5KhUp1HkcWHaFjdIpcdIUq6BbVUB1R9Iie0St6s56sF+vd+pi1Zqy55xD9KevrByPmoBU=</latexit>m 

<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys
<latexit sha1_base64="0Ja9jYlD0YjVqndSdk/mKyLUiKM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0Io/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHkyXoR3QoecgZNVZ6yPq6X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGn1BlOBM4LfVSjQllYzrErqWSRqj9yfzUKTmzyoCEsbIlDZmrvycmNNI6iwLbGVEz0sveTPzP66YmvPYnXCapQckWi8JUEBOT2d9kwBUyIzJLKFPc3krYiCrKjE2nZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gB0LI3s</latexit>ys
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O G
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<latexit sha1_base64="qhWkgDKsq++i6GMSQBs7JOJluoI=">AAACEXicbZDLSsNAFIYn9VbrLV52bgaLUKGEpBR1WXTjSirYC7QhTCaTdujkwsxEWkOfwhdwq2/gTtz6BL6Az+GkzUJbfxj4+M85cw6/GzMqpGl+aYWV1bX1jeJmaWt7Z3dP3z9oiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47us7qnQfCBY3CezmJiR2gQUh9ipFUlqMfVcaOVYVjp1aFhmFkdHvm6GXTMGeCy2DlUAa5mo7+3fcinAQklJghIXqWGUs7RVxSzMi01E8EiREeoQHpKQxRQISdzq6fwlPleNCPuHqhhDP390SKAiEmgas6AySHYrGWmf/WPJF9uLBd+pd2SsM4kSTE8+V+wqCMYBYP9CgnWLKJAoQ5VfdDPEQcYalCLKlgrMUYlqFdM6xzo35XLzeu8oiK4BicgAqwwAVogBvQBC2AwSN4Bi/gVXvS3rR37WPeWtDymUPwR9rnD7bDmu4=</latexit>

(x1, x2, ..., xN )
<latexit sha1_base64="OPrn9To2fMx2MkOxuGBmpa6PAGA=">AAACFnicbVDLSgMxFM3UV62vUVfiJliEClJman0si25cVrAPaIchk8m0oZnMkGSkpRR/wx9wq3/gTty69Qf8DjPtLLT1Qg6Hc+7NTY4XMyqVZX0ZuaXlldW1/HphY3Nre8fc3WvKKBGYNHDEItH2kCSMctJQVDHSjgVBocdIyxvcpH7rgQhJI36vRjFxQtTjNKAYKS255kFp6NqncOhWUjhLoZrC+YlrFq2yNS24SOyMFEFWddf87voRTkLCFWZIyo5txcoZI6EoZmRS6CaSxAgPUI90NOUoJNIZT78wgcda8WEQCX24glP198QYhVKOQk93hkj15byXiv96vkwvnNuugitnTHmcKMLxbHmQMKgimGYEfSoIVmykCcKC6vdD3EcCYaWTLOhg7PkYFkmzUrYvytW7arF2nUWUB4fgCJSADS5BDdyCOmgADB7BM3gBr8aT8Wa8Gx+z1pyRzeyDP2V8/gBZcJze</latexit>

(x1, x2, x3, x4, x5)
<latexit sha1_base64="NxdQ/T6XxXApRkQdndqXGAXA8+k=">AAACEXicbVDLSsNAFJ3UV62v+Ni5GSxCBSlJLeqy6MZlBfuANoTJZNIOnUzCzERaQ7/CH3Crf+BO3PoF/oDf4aTNQqsH5nI45965l+PFjEplWZ9GYWl5ZXWtuF7a2Nza3jF399oySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UbXmd+5J0LSiN+pSUycEA04DShGSkuueVAZu/YpHLu1rJxlpX7immWras0A/xI7J2WQo+maX30/wklIuMIMSdmzrVg5KRKKYkampX4iSYzwCA1IT1OOQiKddHb9FB5rxYdBJPTjCs7UnxMpCqWchJ7uDJEaykUvE//1fJl9uLBdBZdOSnmcKMLxfHmQMKgimMUDfSoIVmyiCcKC6vshHiKBsNIhlnQw9mIMf0m7VrXPq/XberlxlUdUBIfgCFSADS5AA9yAJmgBDB7AE3gGL8aj8Wq8Ge/z1oKRz+yDXzA+vgFdDZtU</latexit>

(x1, x2, x3, x4)

<latexit sha1_base64="qhWkgDKsq++i6GMSQBs7JOJluoI=">AAACEXicbZDLSsNAFIYn9VbrLV52bgaLUKGEpBR1WXTjSirYC7QhTCaTdujkwsxEWkOfwhdwq2/gTtz6BL6Az+GkzUJbfxj4+M85cw6/GzMqpGl+aYWV1bX1jeJmaWt7Z3dP3z9oiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47us7qnQfCBY3CezmJiR2gQUh9ipFUlqMfVcaOVYVjp1aFhmFkdHvm6GXTMGeCy2DlUAa5mo7+3fcinAQklJghIXqWGUs7RVxSzMi01E8EiREeoQHpKQxRQISdzq6fwlPleNCPuHqhhDP390SKAiEmgas6AySHYrGWmf/WPJF9uLBd+pd2SsM4kSTE8+V+wqCMYBYP9CgnWLKJAoQ5VfdDPEQcYalCLKlgrMUYlqFdM6xzo35XLzeu8oiK4BicgAqwwAVogBvQBC2AwSN4Bi/gVXvS3rR37WPeWtDymUPwR9rnD7bDmu4=</latexit>

(x1, x2, ..., xN )

Even permutations 
of N objects:

All permutations of N 
objects:

Even permutations of:Even permutations of:

…

…

<latexit sha1_base64="NxdQ/T6XxXApRkQdndqXGAXA8+k=">AAACEXicbVDLSsNAFJ3UV62v+Ni5GSxCBSlJLeqy6MZlBfuANoTJZNIOnUzCzERaQ7/CH3Crf+BO3PoF/oDf4aTNQqsH5nI45965l+PFjEplWZ9GYWl5ZXWtuF7a2Nza3jF399oySgQmLRyxSHQ9JAmjnLQUVYx0Y0FQ6DHS8UbXmd+5J0LSiN+pSUycEA04DShGSkuueVAZu/YpHLu1rJxlpX7immWras0A/xI7J2WQo+maX30/wklIuMIMSdmzrVg5KRKKYkampX4iSYzwCA1IT1OOQiKddHb9FB5rxYdBJPTjCs7UnxMpCqWchJ7uDJEaykUvE//1fJl9uLBdBZdOSnmcKMLxfHmQMKgimMUDfSoIVmyiCcKC6vshHiKBsNIhlnQw9mIMf0m7VrXPq/XberlxlUdUBIfgCFSADS5AA9yAJmgBDB7AE3gGL8aj8Wq8Ge/z1oKRz+yDXzA+vgFdDZtU</latexit>

(x1, x2, x3, x4)
All permutations of:All permutations of:

<latexit sha1_base64="nXzHNO7GHRPNX0EMiwnkIDzk4uQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIFaTM1KIui25cVrAPaIchk2ba0MyDJCOtpV/ixoUibv0Ud/6NmXYW2nrgXg7n3EtujhdzJpVlfRu5tfWNza38dmFnd2+/aB4ctmSUCEKbJOKR6HhYUs5C2lRMcdqJBcWBx2nbG92mfvuRCsmi8EFNYuoEeBAynxGstOSaxfLYtc/R2K2m7eLMNUtWxZoDrRI7IyXI0HDNr14/IklAQ0U4lrJrW7FyplgoRjidFXqJpDEmIzygXU1DHFDpTOeHz9CpVvrIj4SuUKG5+ntjigMpJ4GnJwOshnLZS8X/vG6i/GtnysI4UTQki4f8hCMVoTQF1GeCEsUnmmAimL4VkSEWmCidVUGHYC9/eZW0qhX7slK7r5XqN1kceTiGEyiDDVdQhztoQBMIJPAMr/BmPBkvxrvxsRjNGdnOEfyB8fkD45uRTg==</latexit>

(x1, x2, x3)

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5

<latexit sha1_base64="eo46iS+eow2nOSzfW6pH5BNZ6yw=">AAACKnicbVDLTgIxFO34RHyNunTTSExcmMkMQYQd4saVwSiPBAjplDvQ0Hmk7ZiQCd/jxl9xw0JD3PohlsdCwJu0OTnnnnvb40acSWXbE2Njc2t7Zze1l94/ODw6Nk9OazKMBYUqDXkoGi6RwFkAVcUUh0YkgPguh7o7uJ/q9VcQkoXBixpG0PZJL2Aeo0RpqmPetbrgae9sUhJFqsxjGCWi544Syylmr7GVLeT1nbspjtKt5TaMnzuPHTNjW/as8DpwFiCDFlXpmONWN6SxD4GinEjZdOxItRMiFKMc9JJYQkTogPSgqWFAfJDtZLZ5hC8108VeKPQJFJ6xfx0J8aUc+q7u9Inqy1VtSv6nNWPlFdoJC6JYQUDni7yYYxXiaW64ywRQxYcaECqYfiumfSIIVTrdtA7BWf3yOqhlLSdv5Z5ymVJ5EUcKnaMLdIUcdItK6AFVUBVR9IY+0Cf6Mt6NsTExvuetG8bCc4aWyvj5BQXzpbw=</latexit>

SN
<latexit sha1_base64="CmpHmgh8PaylKjYY7BnrLmUpAzQ=">AAACKnicbVDLTgIxFO34RHyNunTTSExcmMkMQYQd4MaVwUQeCRDSKXegofNI2zEhE77Hjb/ihoWGuPVDLI+FgDdpc3LOPfe2x404k8q2p8bW9s7u3n7qIH14dHxyap6d12UYCwo1GvJQNF0igbMAaoopDs1IAPFdDg13+DDTG68gJAuDFzWKoOOTfsA8RonSVNcst3vgae98UhJFqsJjGCei744Tyylmb7GVLeT1nbsrjtPt1TaMy92nrpmxLXteeBM4S5BBy6p2zUm7F9LYh0BRTqRsOXakOgkRilEOekksISJ0SPrQ0jAgPshOMt88xtea6WEvFPoECs/Zv46E+FKOfFd3+kQN5Lo2I//TWrHyCp2EBVGsIKCLRV7MsQrxLDfcYwKo4iMNCBVMvxXTARGEKp1uWofgrH95E9SzlpO3cs+5TKmyjCOFLtEVukEOukcl9IiqqIYoekMf6BN9Ge/GxJga34vWLWPpuUArZfz8Aup4pao=</latexit>

AN

<latexit sha1_base64="hYMlKvhwSFGbaHBGNvhLcnQDYc8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kEvOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5aMYJ+hEdSB5yRo2V6vXefa9YcsvuHGSVeBkpQYZar/jV7ccsjVAaJqjWHc9NjD+hynAmcFrophoTykZ0gB1LJY1Q+5P5qVNyZpU+CWNlSxoyV39PTGik9TgKbGdEzVAvezPxP6+TmvDan3CZpAYlWywKU0FMTGZ/kz5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf88ippXpS9y3LloVKq3mRx5OEETuEcPLiCKtxBDRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHAjSNoQ==</latexit>

SN
<latexit sha1_base64="ta/eUhqvT6HBcO7O1dooDosh2HY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rFS+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZqNPrVfqnsVtw5yCrxclKGHPV+6as3iFkaoTRMUK27npsYP6PKcCZwWuylGhPKxnSIXUsljVD72fzUKTm3yoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPEzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2naEPwll9eJa3LindVqT5Uy7XbPI4CnMIZXIAH11CDe6hDExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHavY2H</latexit>

S4
<latexit sha1_base64="VoJRD8lglwcYV57U/fmiMgzI7yg=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaVqEeiF48Y5JHAhswOvTBhdnYzM2tCCJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJaPZpygH9GB5CFn1FipXu9d9oolt+zOQVaJl5ESZKj1il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5mfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCW/8CZdJalCyxaIwFcTEZPY36XOFzIixJZQpbm8lbEgVZcamU7AheMsvr5LmRdm7KlceKqXqbRZHHk7gFM7Bg2uowj3UoAEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8A2TmNhg==</latexit>

S3

<latexit sha1_base64="NRdKlrbYg1MVyJbCG+F77R2b8sc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9RL54konlAsoTZySQZMju7zPQKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDP1m09cGxGpRxzH3A/pQIm+YBSt9HDVvesWS27ZnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3VCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPuXfipUnCBXbL6on0iCEZn+TXpCc4ZybAllWthbCRtSTRnadAo2BG/x5WXSOCt75+XKfaVUvc7iyMMRHMMpeHABVbiFGtSBwQCe4RXeHOm8OO/Ox7w152Qzh/AHzucP5rmNjw==</latexit>

AN



Rachel Houtz November, 202234

❖ Expanding phi around its minimum gives the dGB fields:

The dGB Fields

<latexit sha1_base64="sX/1Nad/xZcbk9vNsFG4fga96KU="></latexit>

�(⇡1,⇡2) =

0

@
�1

�2

�3

1

A = exp

2

4 1

f

0

@
0 0 ⇡1

0 0 ⇡2

�⇡1 �⇡2 0

1

A

3

5

0

@
0
0
f

1

A

❖ Need to ensure the z-direction lines up with the unbroken generator: 
<latexit sha1_base64="0dEog8rqZCkNeTEWQHdBEGyaNR0=">AAACI3icbVDLSgMxFM3UV62vUZdugkWtC8uMFBVBKLrRXRX7gLaWTJppQzOZIckIZZh/ceOvuHGhFDcu/Bcz7Sxs64HA4Zxzyb3HCRiVyrK+jczC4tLySnY1t7a+sbllbu/UpB8KTKrYZ75oOEgSRjmpKqoYaQSCIM9hpO4MbhK//kyEpD5/VMOAtD3U49SlGCktdczLlodUHyMW3cUdegQLsFXpU3icg/DwCk6Z2nt4ik7sOI10zLxVtMaA88ROSR6kqHTMUavr49AjXGGGpGzaVqDaERKKYkbiXCuUJEB4gHqkqSlHHpHtaHxjDA+00oWuL/TjCo7VvxMR8qQceo5OJkvLWS8R//OaoXIv2hHlQagIx5OP3JBB5cOkMNilgmDFhpogLKjeFeI+EggrXWtOl2DPnjxPaqdF+6xYui/ly9dpHVmwB/ZBAdjgHJTBLaiAKsDgBbyBD/BpvBrvxsj4mkQzRjqzC6Zg/PwCPOCg7A==</latexit>

I 0
i(�) = Ii(R�1�)

<latexit sha1_base64="ECYqlMYw6fOpatH0NZAnd2uz5Ak=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJexqUI9BL96Mjzxgs4TZySQZMjuzzPQKYclnePGgiFe/xpt/4yTZgyYWNBRV3XR3hbHgBlz321laXlldW89t5De3tnd2C3v7DaMSTVmdKqF0KySGCS5ZHTgI1oo1I1EoWDMcXk/85hPThiv5CKOYBRHpS97jlICV/Hvc5hI/3JbOTjqFolt2p8CLxMtIEWWodQpf7a6iScQkUEGM8T03hiAlGjgVbJxvJ4bFhA5Jn/mWShIxE6TTk8f42Cpd3FPalgQ8VX9PpCQyZhSFtjMiMDDz3kT8z/MT6F0GKZdxAkzS2aJeIjAoPPkfd7lmFMTIEkI1t7diOiCaULAp5W0I3vzLi6RxWvbOy5W7SrF6lcWRQ4foCJWQhy5QFd2gGqojihR6Rq/ozQHnxXl3PmatS042c4D+wPn8ASESj9w=</latexit>

R 2 SO(3)
<latexit sha1_base64="bRZBEIWAFYplTWZQPl41xJtW8s4=">AAACCXicbZDLSgMxFIbP1Futt1GXboJFrCBlRoq6EYpuXFaxF2iHIZNm2tDMhSQjlKFbN76KGxeKuPUN3Pk2ZtpZaPWQwMf/n0Nyfi/mTCrL+jIKC4tLyyvF1dLa+sbmlrm905JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3SV+e17KiSLwjs1jqkT4EHIfEaw0pJrol5jyFx5iC7Qbc4aK8g6zo5/hFyzbFWtaaG/YOdQhrwarvnZ60ckCWioCMdSdm0rVk6KhWKE00mpl0gaYzLCA9rVGOKASiedbjJBB1rpIz8S+oYKTdWfEykOpBwHnu4MsBrKeS8T//O6ifLPnZSFcaJoSGYP+QlHKkJZLKjPBCWKjzVgIpj+KyJDLDBROrySDsGeX/kvtE6q9mm1dlMr1y/zOIqwB/tQARvOoA7X0IAmEHiAJ3iBV+PReDbejPdZa8HIZ3bhVxkf3whSlhQ=</latexit>

�0
s = R�s = (0, 0, f), such that 

<latexit sha1_base64="K34Kc+eiY42c3lVPdBoHd66AmWo=">AAACGnicbVDLTgIxFO34RHyhLt00EhMXZjJDEGFHcOMSE3kkQEin3IGGzkzTdkzIhO9w46+4caEx7owb/8YysFDwJm1Ozrnn9vZ4gjOlHefbWlvf2Nzazuxkd/f2Dw5zR8dNFcWSQoNGPJJtjyjgLISGZppDW0gggceh5Y1vZnrrAaRiUXivJwJ6ARmGzGeUaEP1c253AL7xppMSIXSNxzBN5NCbJrZbKVxiu1Aumbt4VZlmu2LE+rm8Yztp4VXgLkAeLarez312BxGNAwg15USpjusI3UuI1IxyMENjBYLQMRlCx8CQBKB6SbrQFJ8bZoD9SJoTapyyvx0JCZSaBJ7pDIgeqWVtRv6ndWLtl3sJC0WsIaTzh/yYYx3hWU54wCRQzScGECqZ2RXTEZGEapNm1oTgLn95FTQLtluyi3fFfLW2iCODTtEZukAuukZVdIvqqIEoekTP6BW9WU/Wi/Vufcxb16yF5wT9KevrB3Genyo=</latexit>

�

<latexit sha1_base64="tfaSp6V521hs2YPjAxSmBk8Ynfw=">AAACF3icbVDLTgIxFO3gC/E16tJNIzFxYSYzBBF2BDcuMZFHAoR0yh1o6DzSdkxwMn/hxl9x40Jj3OrOv7E8FgrepM3JOffc3h434kwq2/42MmvrG5tb2e3czu7e/oF5eNSUYSwoNGjIQ9F2iQTOAmgopji0IwHEdzm03PH1VG/dg5AsDO7UJIKeT4YB8xglSlN90+oOwNPe2aQkilSNx5AmYuimieVUChfYKpRL+i5eVtLcQ9/M25Y9K7wKnAXIo0XV++ZXdxDS2IdAUU6k7Dh2pHoJEYpRDmmuG0uICB2TIXQ0DIgPspfMtknxmWYG2AuFPoHCM/a3IyG+lBPf1Z0+USO5rE3J/7ROrLxyL2FBFCsI6PwhL+ZYhXgaEh4wAVTxiQaECqZ3xXREBKFKR5nTITjLX14FzYLllKzibTFfrS3iyKITdIrOkYOuUBXdoDpqIIoe0TN6RW/Gk/FivBsf89aMsfAcoz9lfP4AGS6d6Q==</latexit>z
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<latexit sha1_base64="HHyd9HeGOME9zLqf8GgZuB+Q/Ls="></latexit>

Lint /
1

Mm
O

SM
I
(3,A5)
6 + ...

<latexit sha1_base64="gLbrDboSLpFzodjDetH0JCgtRJM="></latexit>

�(SM ! 2⇡)

�(SM ! 4⇡)
=

18f4

19(31)2
⇧2

⇧4
=

216(4⇡)4

19(31)2
f4

E4
CM

<latexit sha1_base64="oFIdCpbimd6dMWDH09JcosbmBKc="></latexit>

�(SM ! 4⇡)

�(SM ! 5⇡)
=

19(31)2f2

3(45)2
⇧4

⇧5
=

19(31)2(8⇡)2

452
f2

E2
CM

<latexit sha1_base64="d1KcHrUQOqfWZsFitljdmwmws/Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/vVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/TAY61</latexit>⇡l
<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="d1KcHrUQOqfWZsFitljdmwmws/Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/vVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/TAY61</latexit>⇡l

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="5bYkI/q6Kh9RlFckurdX5llnLyY=">AAACAHicbVDLSsNAFL2pr1pfVZduBovgqiRS1GXRjcsKpi20oUwmk3bozCTMTIRSuvEH3OofuBO3/ok/4Hc4abPQ1gMXDufcFydMOdPGdb+c0tr6xuZWebuys7u3f1A9PGrrJFOE+iThieqGWFPOJPUNM5x2U0WxCDnthOPb3O88UqVZIh/MJKWBwEPJYkawsZLfT9lADKo1t+7OgVaJV5AaFGgNqt/9KCGZoNIQjrXueW5qgilWhhFOZ5V+pmmKyRgPac9SiQXVwXT+7AydWSVCcaJsSYPm6u+JKRZaT0RoOwU2I73s5eK/XqTzhUvXTXwdTJlMM0MlWRyPM45MgvI0UMQUJYZPLMFEMfs/IiOsMDE2s4oNxluOYZW0L+reZb1x36g1b4qIynACp3AOHlxBE+6gBT4QYPAML/DqPDlvzrvzsWgtOcXMMfyB8/kDLqKXMw==</latexit>⇡m

Phenomenology of A5 to Z5
<latexit sha1_base64="oStZMQrz/6Kz5376cyhxvzLxras="></latexit>

A5 ! Z5

❖ This cross section 
information tells us about 
the A4 symmetry, not just 
the preserved Z3.

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5
<latexit sha1_base64="MQvxt1zXeitlupzPjQl0VgH6l8M=">AAACGXicbVDLTgIxFO34RHyNunTTSExcmMkMAYQdwY1LTOQRgZBOuQMNnUfajgmZzG+48VfcuNAYl7rybyyPhYI3aXNyzj23t8eNOJPKtr+NtfWNza3tzE52d2//4NA8Om7KMBYUGjTkoWi7RAJnATQUUxzakQDiuxxa7vh6qrceQEgWBndqEkHPJ8OAeYwSpam+aXcH4GnvbFISRarGY0gTMXTTxHIq+Uts5cslfReKlTR73y/2zZxt2bPCq8BZgBxaVL1vfnYHIY19CBTlRMqOY0eqlxChGOWQZruxhIjQMRlCR8OA+CB7yWyfFJ9rZoC9UOgTKDxjfzsS4ks58V3d6RM1ksvalPxP68TKK/cSFkSxgoDOH/JijlWIpzHhARNAFZ9oQKhgeldMR0QQqnSYWR2Cs/zlVdDMW07JKtwWctXaIo4MOkVn6AI56ApV0Q2qowai6BE9o1f0ZjwZL8a78TFvXTMWnhP0p4yvHzK6nnE=</latexit>

Z5

❖ Because these interactions all stem from the same 
operator, there is a consistent pattern of production 
cross sections
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<latexit sha1_base64="OPrn9To2fMx2MkOxuGBmpa6PAGA=">AAACFnicbVDLSgMxFM3UV62vUVfiJliEClJman0si25cVrAPaIchk8m0oZnMkGSkpRR/wx9wq3/gTty69Qf8DjPtLLT1Qg6Hc+7NTY4XMyqVZX0ZuaXlldW1/HphY3Nre8fc3WvKKBGYNHDEItH2kCSMctJQVDHSjgVBocdIyxvcpH7rgQhJI36vRjFxQtTjNKAYKS255kFp6NqncOhWUjhLoZrC+YlrFq2yNS24SOyMFEFWddf87voRTkLCFWZIyo5txcoZI6EoZmRS6CaSxAgPUI90NOUoJNIZT78wgcda8WEQCX24glP198QYhVKOQk93hkj15byXiv96vkwvnNuugitnTHmcKMLxbHmQMKgimGYEfSoIVmykCcKC6vdD3EcCYaWTLOhg7PkYFkmzUrYvytW7arF2nUWUB4fgCJSADS5BDdyCOmgADB7BM3gBr8aT8Wa8Gx+z1pyRzeyDP2V8/gBZcJze</latexit>

(x1, x2, x3, x4, x5)
Even permutations of:

❖ Irreducible representations of A5:
<latexit sha1_base64="Jrq5H8KwLNETt7APwKiv2JV0dBY=">AAACC3icbVC7TsMwFL3hWcorwMhitUIwVQmUx1jBwlgk+pDaqHIcp7XqOMF2kKqqOwu/wsIAQqz8ABt/g9sGCVqOZN2jc+7V9T1+wpnSjvNlLSwuLa+s5tby6xubW9v2zm5dxakktEZiHsumjxXlTNCaZprTZiIpjnxOG37/auw37qlULBa3epBQL8JdwUJGsDZSxy64qH2X4gCd/NTDjJSzetqxi07JmQDNEzcjRchQ7dif7SAmaUSFJhwr1XKdRHtDLDUjnI7y7VTRBJM+7tKWoQJHVHnDyS0jdGCUAIWxNE9oNFF/TwxxpNQg8k1nhHVPzXpj8T+vlerwwhsykaSaCjJdFKYc6RiNg0EBk5RoPjAEE8nMXxHpYYmJNvHlTQju7MnzpH5ccs9K5ZtysXKZxZGDfSjAEbhwDhW4hirUgMADPMELvFqP1rP1Zr1PWxesbGYP/sD6+AaqoZhL</latexit>

1 3 30 4 5

❖  The primary invariants of the quadruplet of A5:

❖ This case will have a non-Abelian preserved symmetry

<latexit sha1_base64="bMJxFekPqpKk5Bp9GELB8qtR4+E=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsICWpRd0IRTcuK9gHNCFMppN26GQSZiZCCf0EN/6KGxeKuHXpzr9xmmahrReGczjnXu7c48eMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9LxRzdTv/NAhKQRv1fjmLghGnAaUIyUljzz2GkOKbyCFSceUs8+hRnWcjzLsX7imWWramUFF4mdkzLIq+mZX04/wklIuMIMSdmzrVi5KRKKYkYmJSeRJEZ4hAakpylHIZFumh00gUda6cMgEvpxBTP190SKQinHoa87Q6SGct6biv95vUQFl25KeZwowvFsUZAwqCI4TQf2qSBYsbEmCAuq/wrxEAmElc6wpEOw509eJO1a1T6v1u/q5cZ1HkcRHIBDUAE2uAANcAuaoAUweATP4BW8GU/Gi/FufMxaC0Y+sw/+lPH5Ax37miM=</latexit>

� = (�1,�2,�3,�4)

<latexit sha1_base64="LmYRAgUEOaNWTV8Y7eWwc1HBhnE="></latexit>

I(4,A5)
5 = I4�4 �

1

2
I2�4 �

4p
5
I3�2

4 �
�3
4

5
I2 +

I5
4

50

<latexit sha1_base64="OQ6LvbUzkL7pCZHBNOBAXb93C1U="></latexit>

I(4,A5)
4 = I4 +

12p
5
I3�4 +

12

5
I2�2

4 +
�4
4

5

<latexit sha1_base64="T+dHf3HgYckazBWfBUhyU5aNhZU="></latexit>

I(4,A5)
3 = I3 �

�4

2
p
5
I2 +

�3
4

2
p
5

<latexit sha1_base64="Mot29LnBUvUmGqkWHUb7AZBalA0="></latexit>

I(4,A5)
2 = I2 + �2

4

are the primary  
invariants of A4

where
<latexit sha1_base64="Vrx0X4Au2M2moOCWW10LnLK1lcA=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0WooCWpRV0W3eiugn1AG8JkOmmHTiZhZiKU0K9w46+4caGIW3Hn3zhps+jDAwPnnnMvc+/xIkalsqxfI7eyura+kd8sbG3v7O6Z+wdNGcYCkwYOWSjaHpKEUU4aiipG2pEgKPAYaXnD29RvPREhacgf1SgiToD6nPoUI6Ul1zwvdQOkBhix5H7sVs7gbHkxX1ZPXbNola0J4DKxM1IEGequ+dPthTgOCFeYISk7thUpJ0FCUczIuNCNJYkQHqI+6WjKUUCkk0zOGsMTrfSgHwr9uIITdXYiQYGUo8DTnemWctFLxf+8Tqz8ayehPIoV4Xj6kR8zqEKYZgR7VBCs2EgThAXVu0I8QAJhpZMs6BDsxZOXSbNSti/L1YdqsXaTxZEHR+AYlIANrkAN3IE6aAAMnsEreAcfxovxZnwaX9PWnJHNHII5GN9/uKyeeg==</latexit>

(I2, I3, I4)

The Quadruplet of A5
<latexit sha1_base64="5qOSGvyWYAQdEETnXCiNp7LlyHY=">AAACKXicbVDLTgIxFO3gC/E16tJNIzFxYSYzBBB2iBuXmMgjAUI65Q40dB5pOyZkwu+48VfcaKJRt/6I5bEQ8CZtTs655972uBFnUtn2l5Ha2Nza3knvZvb2Dw6PzOOThgxjQaFOQx6KlkskcBZAXTHFoRUJIL7LoemObqd68xGEZGHwoMYRdH0yCJjHKFGa6pmVTh887Z1NSqJIVXkMk0QM3EliOeXcFbZypaK+84XyJNNZbsM3vULPzNqWPSu8DpwFyKJF1XrmW6cf0tiHQFFOpGw7dqS6CRGKUQ56RywhInREBtDWMCA+yG4yWzzBF5rpYy8U+gQKz9i/joT4Uo59V3f6RA3lqjYl/9PasfJK3YQFUawgoPNFXsyxCvE0NtxnAqjiYw0IFUy/FdMhEYQqHW5Gh+CsfnkdNHKWU7Ty9/lspbqII43O0Dm6RA66RhV0h2qojih6Qi/oHX0Yz8ar8Wl8z1tTxsJzipbK+PkFWNWlZw==</latexit>

A5

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5

<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4
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❖ Three degenerate dGBs, guaranteed by the 
preserved Z5 symmetry:

2-pion production 3-pion production 4-pion production

❖ If the SM production process is uncharged under the discrete group:

❖ Assume the I_3 operator is the leading term: 
 

 

 

Phenomenology of A5 to Z5

 

I

99

g DX

<latexit sha1_base64="pQbBqYwka+dOOykG/13ix/Z8AxU="></latexit>

A5 ! A4

<latexit sha1_base64="u0SvDcPC807Vnk20gFLeLYXCpDU="></latexit>

A5 ! A4

<latexit sha1_base64="tRf2xpIcO6NMFnMF4q245XXFeII="></latexit>m⇡1 = m⇡2 = m⇡3

<latexit sha1_base64="l+3+M0/Oo/6LnjPF+SaOCsp2/AA="></latexit>

Lint /
1

Mm
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I3

<latexit sha1_base64="sarLSSNlwMzI0N81s91ccCEY27Q="></latexit>
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<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

<latexit sha1_base64="JhDz6ha53iuRd27T5C4KnwLba6s="></latexit>I3



Rachel Houtz November, 2022

<latexit sha1_base64="4Agyfxkokyn7c3S+b5QcRQa1f5g="></latexit>

�(SM ! 3⇡)

�(SM ! 4⇡)
=

6f2
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◆2 f2
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Phenomenology of A5 to Z5
<latexit sha1_base64="l+3+M0/Oo/6LnjPF+SaOCsp2/AA="></latexit>

Lint /
1

Mm
O

SM
I3

<latexit sha1_base64="d1KcHrUQOqfWZsFitljdmwmws/Y=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/vVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/TAY61</latexit>⇡l

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="ClO4RRjFYkk6TvMAZvqh2kkC7R4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3x/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4A0X2OtA==</latexit>⇡k

<latexit sha1_base64="oXWeE0PNq36EKhkKXkfqzUHTxCA=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48VTFtoQ9lsJ+3azSbsboRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0O/NbT6g0T+SDGacYxHQgecQZNVbyuynvPfbKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPz/mOsw==</latexit>⇡j

<latexit sha1_base64="x6a+Ug+OC3Ybpn2+1BuyW2mETw8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2m3bpZhN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px3cxvP3FtRKIecZLyIKZDJSLBKFrJ76WiL/rVmlt35yCrxCtIDQo0+9Wv3iBhWcwVMkmN6XpuikFONQom+bTSywxPKRvTIe9aqmjMTZDPj52SM6sMSJRoWwrJXP09kdPYmEkc2s6Y4sgsezPxP6+bYXQT5EKlGXLFFouiTBJMyOxzMhCaM5QTSyjTwt5K2IhqytDmU7EheMsvr5LWRd27ql8+XNYat0UcZTiBUzgHD66hAffQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz/OdY6y</latexit>⇡i

<latexit sha1_base64="7Pa0CMQDmmr8c+w0biZSUMtZzN0="></latexit>

�(SM ! 2⇡)

�(SM ! 3⇡)
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15f2
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= 120⇡2 f2
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<latexit sha1_base64="T+dHf3HgYckazBWfBUhyU5aNhZU="></latexit>
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❖ This cross section 
information tells us about 
the A4 symmetry, not just 
the preserved Z3.

<latexit sha1_base64="19W99w4/C67BwLyHgYdGZ0Bpu9k=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo6oF48Y5ZHAhswODUyYnd3MzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJKPZhyjH9KB5H3OqLHSw3X3vFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvoly5r5SqN1kceTiCYzgFDy6hCndQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBwNWNdg==</latexit>

A5
<latexit sha1_base64="mIwTtih1XX8rDUDly1AztaJiB4w=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj14rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrp4bpX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrnFe+iUr2vlms3eRwFOIYTOAMPLqEGd1CHBjAYwDO8wpsjnRfn3fmYt644+cwR/IHz+QO/UY11</latexit>

A4

<latexit sha1_base64="pQbBqYwka+dOOykG/13ix/Z8AxU="></latexit>

A5 ! A4

❖ Because these interactions all stem from the same 
operator, there is a consistent pattern of production 
cross sections


