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Introduction

• The Higg’s mass has a quadratic sensitivity to the high mass scales.

• Declare Higgs to be a Goldstone Boson of a larger symmetry.

• Break the symmetry by a ‘tiny’ amount.

• Quadratic divergence often reappears. 
Arkani-Hamed et al, JHEP07(2002)

Chacko et al, Phys. Rev. Lett. 96, 231802 3

Georgi, Kaplan, Phys. Lett. B 136 (1984) 183 



• Eliminate the quadratic sensitivity from the effective potential

• Still preserve some potential. More suppressed, the better

• Bonus point: Even with O(1) coupling

• Solution: Goldstone of Discrete Symmetry

Introduction
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Introduction

• Not a theory of Higgs (yet) 

• We will study, given a Yukawa coupling, how large is the associated 
Potential?

• Normal scenario : V (⇡) ⇠ y2⇤2⇡2

<latexit sha1_base64="WKYmylngTU/+A4YtSOiMtj5oT9o=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFVSVQK2ChYGhiLRh9SkleM4rVUnsWwHKYq6sPArLAwgxMo/sPE3uG0GaDmSpaNz7tH1PR5nVCrL+jYKK6tr6xvFzdLW9s7unrl/0JZxIjBp4ZjFoushSRiNSEtRxUiXC4JCj5GON76e+p0HIiSNo3uVcuKGaBjRgGKktDQwj9sVh9MzR9IQpv2ac6ujPtKE035tYJatqjUDXCZ2TsogR3Ngfjl+jJOQRAozJGXPtrhyMyQUxYxMSk4iCUd4jIakp2mEQiLdbHbFBJ5qxYdBLPSLFJypvxMZCqVMQ09PhkiN5KI3Ff/zeokKLtyMRjxRJMLzRUHCoIrhtBLoU0GwYqkmCAuq/wrxCAmElS6upEuwF09eJu1a1a5XL+/q5cZVXkcRHIETUAE2OAcNcAOaoAUweATP4BW8GU/Gi/FufMxHC0aeOQR/YHz+AKZWl2s=</latexit>

• Discrete Goldstone Boson  (

V (⇡) ⇠ (yf)n

⇤n�4
cos

�n⇡
f

�

<latexit sha1_base64="3NwtLnVoOuKbvldpxmdZNSXNjTY="></latexit>

n =

<latexit sha1_base64="6bBJ3I9dH+c7Nmb5Zc6rn4G/Vqw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHKvYD2lA220m7dLMJuxuhhP4DLx4U8eo/8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/loxkn6Ed0IHnIGTVWepDXvXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb68TJpnVe+8enV/Xqnd5HEU4QiO4RQ8uIAa3EEdGsAghGd4hTdn5Lw4787HvLXg5DOH8AfO5w9cxo1F</latexit>

Group dependent number ) 



Irreducible representations

1
1’
1’’
3

Ishimori et al, PTPS 2010

Example with 𝐴" Symmetry

𝐴! = Group of even permutations of four objects 12 elements 

Equivalent to proper rotations of a regular Tetrahedron
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Ltree = Lkin + LV(�) + Lint

Lkin =
1

2
@µ�@µ�+ (i�µ@µ) 

LV(�) =
m2

2
�T�� �

4
(�T�)2

<latexit sha1_base64="cFNSrg3kdmMJfvhb4HUfas6fyJY="></latexit>

� = exp

"
1

f

0

@
0 0 ⇡1

0 0 ⇡2

�⇡1 �⇡2 0

1

A
#0

@
0
0
f

1

A

<latexit sha1_base64="KLkCjcTZst014HLTlA+oYmSoxow="></latexit>

f =
m2

�

<latexit sha1_base64="/ZxIwom5lKIvXy5gucStsOymXFE=">AAAB/nicbVDLSsNAFJ3UV62vqIiIm8EiuCpJEdqNUHTjsoJ9QBPLZDJph84kYWYilBDwV9y4UMStnyHudOPWz3D6WGjrgYHDOfdw7xwvZlQqy/owcguLS8sr+dXC2vrG5pa5vdOUUSIwaeCIRaLtIUkYDUlDUcVIOxYEcY+Rlje4GPmtWyIkjcJrNYyJy1EvpAHFSGmpa+4FZ04gEE75TTlLHaaTPsq6ZtEqWWPAeWJPSbFW/Xrb//w+qHfNd8ePcMJJqDBDUnZsK1ZuioSimJGs4CSSxAgPUI90NA0RJ9JNx+dn8FgrPgwioV+o4Fj9nUgRl3LIPT3JkerLWW8k/ud1EhVU3ZSGcaJIiCeLgoRBFcFRF9CngmDFhpogLKi+FeI+0m0o3VhBl2DPfnmeNMsl+7RUudJtnIMJ8uAQHIETYIMKqIFLUAcNgEEK7sEjeDLujAfj2XiZjOaMaWYX/IHx+gPrOJnh</latexit>

Example with 𝐴" Symmetry

V (�) has accidental global SO(3) symmetry

<latexit sha1_base64="50cx5dy2VyAboG+mQQkoXPREtf4=">AAACLHicbVDLSgNBEJz1GeMr6tHLYBDiJexqQL0Fc/GmokmEJITeSScZnH0w0yuGJR/kxV8RxINBvPodTmIO8dHDQFFVTXeXHytpyHVHztz8wuLScmYlu7q2vrGZ29qumSjRAqsiUpG+9cGgkiFWSZLC21gjBL7Cun9XGev1e9RGRuENDWJsBdALZVcKIEu1c5VaoRn35UGT20f4QGkfDAchZAdDAsV7KvJBDcf69UXhaMZoBkGApAfDdi7vFt1J8b/Am4I8m9ZlO/fS7EQiCewEocCYhufG1EpBkxQKh9lmYjAGcQc9bFgYQoCmlU6OHfJ9y3R4N9L2h8Qn7GxHCoGxq/nWGQD1zW9tTP6nNRLqnrRSGcYJYSi+B3UTxSni4+R4R2oUpAYWgNDS7spFHzQIsvlmbQje75P/gtph0SsVT69K+fLZNI4M22V7rMA8dszK7JxdsioT7JE9szc2cp6cV+fd+fi2zjnTnh32o5zPL66Zp1g=</latexit>
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Lint = �3 3 3 =

"
ys

0

@
{ 2 3}
{ 3 1}
{ 1 2}

1

A+ ya

0

@
[ 2 3]
[ 3 1]
[ 1 2]

1

A
#
· �

<latexit sha1_base64="5eIfy046ZIJx9JuzBr1QNLBNdjY="></latexit>

⇡1,⇡2 ⇡1,⇡2y y

⇡1,⇡2

⇡1,⇡2

�y
2f yf

Example with 𝐴" Symmetry

Lint = y⇡1

�
 2 3 + 3 2) + y⇡2

�
 3 1 + 1 3) + yf

✓
1�

1

2

⇡2
1 + ⇡2

2

f2

◆�
 1 2 + 2 1) +O(⇡3)

<latexit sha1_base64="At0dP5OFLsAjR3d7J909x74cvgI="></latexit>

Quadratic Divergence cancels!

{ i, j} =  i j + j i

<latexit sha1_base64="/5BdNmOmdl2sKzByzLeV6bpY1PA=">AAACFHicbVBNS8MwGE7n15xfVY9egkMQJqOVgXoQhl48TnAfsJaSZukWl6YlSYVR9iO8+Fe8eFDEqwdv/huztgfdfCDkeZ/nfUnex48Zlcqyvo3S0vLK6lp5vbKxubW9Y+7udWSUCEzaOGKR6PlIEkY5aSuqGOnFgqDQZ6Trj69nfveBCEkjfqcmMXFDNOQ0oBgpLXlmzUmdlqQePcmue2d6mdd5WSvUTPLMqlW3MsBFYhekCgq0PPPLGUQ4CQlXmCEp+7YVKzdFQlHMyLTiJJLECI/RkPQ15Sgk0k2zpabwSCsDGERCH65gpv6eSFEo5ST0dWeI1EjOezPxP6+fqODcTSmPE0U4zh8KEgZVBGcJwQEVBCs20QRhQfVfIR4hgbDSOVZ0CPb8youkc1q3G/WL20a1eVXEUQYH4BAcAxucgSa4AS3QBhg8gmfwCt6MJ+PFeDc+8taSUczsgz8wPn8AkrWejA==</latexit>

[ i, j ] =  i j � j i

<latexit sha1_base64="R9/XHrfEfIISTALmdP9eVbAKSso=">AAACEnicbVBNS8NAEN3Ur1q/oh69LBZBQUsiBfUgFL14rGA/IA1hs920azebsLsRSuhv8OJf8eJBEa+evPlv3CY5aOuDZd68mWF2nh8zKpVlfRulhcWl5ZXyamVtfWNzy9zeacsoEZi0cMQi0fWRJIxy0lJUMdKNBUGhz0jHH11P650HIiSN+J0ax8QN0YDTgGKktOSZR06vKalHj7Nw717maZ6d5CGXPLNq1awMcJ7YBamCAk3P/Or1I5yEhCvMkJSObcXKTZFQFDMyqfQSSWKER2hAHE05Col00+ykCTzQSh8GkdCPK5ipvydSFEo5Dn3dGSI1lLO1qfhfzUlUcO6mlMeJIhzni4KEQRXBqT+wTwXBio01QVhQ/VeIh0ggrLSLFW2CPXvyPGmf1ux67eK2Xm1cFXaUwR7YB4fABmegAW5AE7QABo/gGbyCN+PJeDHejY+8tWQUM7vgD4zPH6zbnYI=</latexit>
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Symmetry, symmetry, symmetry.

Example with 𝐴" Symmetry

Lint = M IJ I J M = y

0

@
0 �3 �2

�3 0 �1

�2 �1 0

1

A

<latexit sha1_base64="/CNhCoguUSx91aReCuyYidyY2w0="></latexit>

The quadratic part

The total one loop Coleman-Weinberg potential*

V1 loop = (�1

2
)

1

16⇡2

�
Tr(M ·MT )

�2
✓
Tr

✓
ln

(M ·MT )

µ2

◆
� 3

2

◆�

<latexit sha1_base64="L4IO/tBwSpFVB7wVa1rjvC202kE="></latexit>

*Stephen P. Martin  Phys. Rev. D 65, 116003

V1 loop � 1

16⇡2
⇤2 Tr[M ·MT ] =

1

16⇡2
y2⇤2 2(�T�)

<latexit sha1_base64="NnIPVYin1AsgSX7AlQSmMXVbiuY="></latexit>

=) SO(3) symmetric

<latexit sha1_base64="OBpSHZd9zHnZmkvUW193zGH0Zzk=">AAACDHicbVDLSgNBEJz1GeMr6tHLYBDiJexqQL0FvXgzonlAEsLspJMMmdldZnrFsOQDvPgrXjwo4tUP8ObfOHkcNLGHgaKqmu4uP5LCoOt+OwuLS8srq6m19PrG5tZ2Zme3YsJYcyjzUIa65jMDUgRQRoESapEGpnwJVb9/OdKr96CNCIM7HETQVKwbiI7gDC3VymQbQtk5YOjtde7kiDZGD+EBEzNQClALPrQuN++Oi84DbwqyZFqlVuar0Q55rCBALpkxdc+NsJkwjYJLGKYbsYGI8T7rQt3CgCkwzWR8zJAeWqZNO6G2P0A6Zn93JEwZu5tvnYphz8xqI/I/rR5j56yZiCCKEQI+GdSJJcWQjpKhbaGBoxxYwLgWdlfKe0wzjja/tA3Bmz15HlSO814hf35TyBYvpnGkyD45IDnikVNSJFekRMqEk0fyTF7Jm/PkvDjvzsfEuuBMe/bIn3I+fwCL85q4</latexit>
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Example with 𝐴" Symmetry

h�i0 = ± fp
3

�
1 1 1

�

<latexit sha1_base64="Nfarz2F/I9toMBcN7apOqoHTqXg="></latexit>

m = 0

y = 0.5

f = 1

� = 0

<latexit sha1_base64="j/cr1xIAG9gRelN/Cwvr3Zi8YS0=">AAACEnicbVC7TsMwFHV4lvAKMLJYVFSwRAkqAoZKFSyMRaIPqYkix3Faq85DtoMURf0GFn6FhQGEWJnY+BvcNgO0HMm6R+fca/seP2VUSMv61paWV1bX1isb+ubW9s6usbffEUnGMWnjhCW85yNBGI1JW1LJSC/lBEU+I11/dDPxuw+EC5rE9zJPiRuhQUxDipFUkmecRl7hpIKOaw3LcfRcFfNckbDWsFVxmLoqQFDJnlG1TGsKuEjsklRBiZZnfDlBgrOIxBIzJETftlLpFohLihkZ604mSIrwCA1IX9EYRUS4xXSlMTxWSgDDhKsTSzhVf08UKBIij3zVGSE5FPPeRPzP62cyvHQLGqeZJDGePRRmDMoETvKBAeUES5YrgjCn6q8QDxFHWKoUdRWCPb/yIumcmXbdvLqrV5vXZRwVcAiOwAmwwQVoglvQAm2AwSN4Bq/gTXvSXrR37WPWuqSVMwfgD7TPH9mRmm8=</latexit>

10



Example with 𝐴" Symmetry

0.004 0.006 0.008 0.010 0.012 0.014

1.×10-9

5.×10-9

1.×10-8

5.×10-8

1.×10-7

Yukawa Coupling, y

m
as
s2
ra
tio

numericalm2�

Best fit, 0.036 y3.00

y4 fit

m 6= 0

<latexit sha1_base64="Pi6yOZNxApJ22NpCbCmGMrbWiPk=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVgnorevFYwX5Ady3ZNNuGJtk1ySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh6Hrqtx+p0iyWd2ac0EDggWQRI9hY6V70Mj/RbOJL+oDcXrniVt0Z0DLxclKBHI1e+cvvxyQVVBrCsdZdz01MkGFlGOF0UvJTTRNMRnhAu5ZKLKgOstnVE3RilT6KYmVLGjRTf09kWGg9FqHtFNgM9aI3Ff/zuqmJLoKMySQ1VJL5oijlyMRoGgHqM0WJ4WNLMFHM3orIECtMjA2qZEPwFl9eJq2zqlerXt7WKvWrPI4iHMExnIIH51CHG2hAEwgoeIZXeHOenBfn3fmYtxacfOYQ/sD5/AFaV5Ju</latexit>

V (�) ⇠ �1�2�3

<latexit sha1_base64="spG21QB3YfTmN4NsxBgsOjXncN4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyWpBXVXdOOygn1AE8JkOmmHziRhZiKU0J0bf8WNC0Xc+gvu/BsnaRbaemAuh3Pu5c49fsyoVJb1bZRWVtfWN8qbla3tnd09c/+gK6NEYNLBEYtE30eSMBqSjqKKkX4sCOI+Iz1/cpP5vQciJI3CezWNicvRKKQBxUhpyTOPuzUnHtMzR1IOM+bZeW3k9dwzq1bdygGXiV2QKijQ9swvZxjhhJNQYYakHNhWrNwUCUUxI7OKk0gSIzxBIzLQNEScSDfN75jBU60MYRAJ/UIFc/X3RIq4lFPu606O1Fguepn4nzdIVHDppjSME0VCPF8UJAyqCGahwCEVBCs21QRhQfVfIR4jgbDS0VV0CPbiycuk26jbzfrVXbPaui7iKIMjcAJqwAYXoAVuQRt0AAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz9+mJh2</latexit>

m2
⇡ / y3

<latexit sha1_base64="EuQvnV160lDkbkKV2UJQrxeERkw=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5LUgrorunFZwT6gScNkOm2HTjLDzESIofgrblwo4tb/cOffOG2z0NYDFw7n3Mu994SCUaUd59sqrKyurW8UN0tb2zu7e/b+QUvxRGLSxJxx2QmRIozGpKmpZqQjJEFRyEg7HN9M/fYDkYry+F6ngvgRGsZ0QDHSRgrso6hXDTJP0IknJBeaw7R3Hthlp+LMAJeJm5MyyNEI7C+vz3ESkVhjhpTquo7QfoakppiRSclLFBEIj9GQdA2NUUSUn82un8BTo/ThgEtTsYYz9fdEhiKl0ig0nRHSI7XoTcX/vG6iB5d+RmORaBLj+aJBwqB5choF7FNJsGapIQhLam6FeIQkwtoEVjIhuIsvL5NWteLWKld3tXL9Oo+jCI7BCTgDLrgAdXALGqAJMHgEz+AVvFlP1ov1bn3MWwtWPnMI/sD6/AFhlpUy</latexit>

V (�) ⇠ V (y�)

<latexit sha1_base64="7plw99tfLWKfcJfImSiPdfh1f/8=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxC3ZQZKai7ohuXFey00BlKJs20oUlmSDLCWIq/4saFIm79D3f+jel0Ftp64MLJOfeSe0+YMKq043xbpZXVtfWN8mZla3tnd8/eP/BUnEpM2jhmseyGSBFGBWlrqhnpJpIgHjLSCcc3M7/zQKSisbjXWUICjoaCRhQjbaS+feTV/GREz3xFOfRqWf7o21Wn7uSAy8QtSBUUaPXtL38Q45QToTFDSvVcJ9HBBElNMSPTip8qkiA8RkPSM1QgTlQwybefwlOjDGAUS1NCw1z9PTFBXKmMh6aTIz1Si95M/M/rpTq6DCZUJKkmAs8/ilIGdQxnUcABlQRrlhmCsKRmV4hHSCKsTWAVE4K7ePIy8c7rbqN+ddeoNq+LOMrgGJyAGnDBBWiCW9ACbYDBI3gGr+DNerJerHfrY95asoqZQ/AH1ucP76+URQ==</latexit>
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0.004 0.006 0.008 0.010 0.012 0.014

5.×10-13
1.×10-12

5.×10-12
1.×10-11

5.×10-11
1.×10-10

Yukawa Coupling, y

m
as
s2
ra
tio

numericalm2�

Best fit, 0.004 y4.00

Cubic fit

Example with 𝐴" Symmetry

m2
⇡ / y4

<latexit sha1_base64="1W9pIRkl4h4f4MwzPwbEK/weFjY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KkkpqLuiG5cV7AOaNEymk3boTGaYmQgxFH/FjQtF3Pof7vwbp20W2nrgwuGce7n3nkhQorTrflsrq2vrG5ulrfL2zu7evn1w2FY8lQi3EKdcdiOoMCUJbmmiKe4KiSGLKO5E45up33nAUhGe3OtM4IDBYUJigqA2Umgfs34tzH1BJr6QXGjuZP16aFfcqjuDs0y8glRAgWZof/kDjlKGE40oVKrnuUIHOZSaIIonZT9VWEA0hkPcMzSBDKsgn10/cc6MMnBiLk0l2pmpvydyyJTKWGQ6GdQjtehNxf+8XqrjyyAniUg1TtB8UZxSxzw5jcIZEImRppkhEElibnXQCEqItAmsbELwFl9eJu1a1atXr+7qlcZ1EUcJnIBTcA48cAEa4BY0QQsg8AiewSt4s56sF+vd+pi3rljFzBH4A+vzB2MalTM=</latexit>

�1�2�3 9 �1�2�3

<latexit sha1_base64="Wv8163ZhCdLeKxf9zsg1QBcWpY8=">AAACGXicbVC7TsMwFHXKq5RXgJHFokJiqpJSCdgqWBiLRB9SE0WO67RWHTuyHVAV9TdY+BUWBhBihIm/wU0zQMuRfHV0zr26vidMGFXacb6t0srq2vpGebOytb2zu2fvH3SUSCUmbSyYkL0QKcIoJ21NNSO9RBIUh4x0w/H1zO/eE6mo4Hd6khA/RkNOI4qRNlJgO14yooGb13pezzwu6XCkkZTiYdkN7KpTc3LAZeIWpAoKtAL70xsInMaEa8yQUn3XSbSfIakpZmRa8VJFEoTHaEj6hnIUE+Vn+WVTeGKUAYyENI9rmKu/JzIUKzWJQ9MZIz1Si95M/M/rpzq68DPKk1QTjueLopRBLeAsJjigkmDNJoYgLKn5K8QjJBHWJsyKCcFdPHmZdOo1t1G7vG1Um1dFHGVwBI7BKXDBOWiCG9ACbYDBI3gGr+DNerJerHfrY95asoqZQ/AH1tcPsE+gvg==</latexit>

� ! ��

<latexit sha1_base64="1V4GahSev+TyWIEkZfD8Rcu0oWI=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCF0siBfVW9OKxgv2AJpTNdtss3WzC7kYpoeBf8eJBEa/+Dm/+GzdtDtr6YODx3gwz84KEM6Ud59taWl5ZXVsvbZQ3t7Z3du29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9FN7rcfqFQsFvd6nFA/wkPBBoxgbaSefeglIfMkG4YaSxk/orNc6NkVp+pMgRaJW5AKFGj07C+vH5M0okITjpXquk6i/QxLzQink7KXKppgMsJD2jVU4IgqP5ueP0EnRumjQSxNCY2m6u+JDEdKjaPAdEZYh2rey8X/vG6qB5d+xkSSairIbNEg5UjHKM8C9ZmkRPOxIZhIZm5FJMQSE20SK5sQ3PmXF0nrvOrWqld3tUr9uoijBEdwDKfgwgXU4RYa0AQCGTzDK7xZT9aL9W59zFqXrGLmAP7A+vwBR3+VtQ==</latexit>

m = 0

<latexit sha1_base64="eGAvucdKhMovL8+V5bs9r5/kork=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoB6EohePFewHtkvJptk2NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyaCG+t536iwsrq2vlHcLG1t7+zulfcPmiZONWUNGotYt0NimOCKNSy3grUTzYgMBWuFo9up33pi2vBYPdhxwgJJBopHnBLrpEfZy7qJ4ZNrr1eueFVvBrxM/JxUIEe9V/7q9mOaSqYsFcSYju8lNsiItpwKNil1U8MSQkdkwDqOKiKZCbLZxRN84pQ+jmLtSlk8U39PZEQaM5ah65TEDs2iNxX/8zqpjS6DjKsktUzR+aIoFdjGePo+7nPNqBVjRwjV3N2K6ZBoQq0LqeRC8BdfXibNs6p/Xr26P6/UbvI4inAEx3AKPlxADe6gDg2goOAZXuENGfSC3tHHvLWA8plD+AP0+QNokpDD</latexit>

V (�) ⇠ �4
1 + �4

2 + �4
3

<latexit sha1_base64="CTVA+G5ims175rwTm6mbKReItr4=">AAACD3icbZDLSsNAFIYn9VbrLerSzWBRKkJJakDdFd24rGAv0KRhMp22QycXZiZCCX0DN76KGxeKuHXrzrdxkkbQ1h8GPv5zDmfO70WMCmkYX1phaXllda24XtrY3Nre0Xf3WiKMOSZNHLKQdzwkCKMBaUoqGelEnCDfY6Ttja/TevuecEHD4E5OIuL4aBjQAcVIKsvVj1sVOxrRE1tQH6bkmj3rNIPaD5z1LFcvG1UjE1wEM4cyyNVw9U+7H+LYJ4HEDAnRNY1IOgnikmJGpiU7FiRCeIyGpKswQD4RTpLdM4VHyunDQcjVCyTM3N8TCfKFmPie6vSRHIn5Wmr+V+vGcnDhJDSIYkkCPFs0iBmUIUzDgX3KCZZsogBhTtVfIR4hjrBUEZZUCOb8yYvQqlVNq3p5a5XrV3kcRXAADkEFmOAc1MENaIAmwOABPIEX8Ko9as/am/Y+ay1o+cw++CPt4xsY2prS</latexit>
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Invariant Analysis
V (�) = V (�T�)

<latexit sha1_base64="F2npOKoDDL7dMotfS/ETNpJa2ZE=">AAAB/nicbVDLSgMxFM3UV62vUXHlJrQIFaHMiFA3QtGNywp9QWcsmTTThmYyQ5IRhqHgR/gDblwo4tbvcNe/MZ3pQqsHQk7OuZd7c7yIUaksa2YUVlbX1jeKm6Wt7Z3dPXP/oCPDWGDSxiELRc9DkjDKSVtRxUgvEgQFHiNdb3Iz97sPREga8pZKIuIGaMSpTzFSWhqYR52qE43p6VV+37ey18CsWDUrA/xL7AWpNMrO2dOskTQH5pczDHEcEK4wQ1L2bStSboqEopiRacmJJYkQnqAR6WvKUUCkm2brT+GJVobQD4U+XMFM/dmRokDKJPB0ZYDUWC57c/E/rx8r/9JNKY9iRTjOB/kxgyqE8yzgkAqCFUs0QVhQvSvEYyQQVjqxkg7BXv7yX9I5r9kXtfqdTuMa5CiCY1AGVWCDOmiAW9AEbYBBCp7BK3gzHo0X4934yEsLxqLnEPyC8fkNqemXpg==</latexit>

• For global SO(3) symmetry,

• For 𝐴! , the invariants are �T�, �1�2�3,
X

i

�4
i

<latexit sha1_base64="cy+/+kunH2lr8+/qRjBv1eBa2do=">AAACIHicbVC7TsMwFHV4lvIKMLJYVEgMqEpKpTJWMMBYpL6kJo0cx2mtOg9sB6kK/RQWRn6DhQGEYIOvwUk7QMuVfHR0zr26vseNGRXSML60peWV1bX1wkZxc2t7Z1ff22+LKOGYtHDEIt51kSCMhqQlqWSkG3OCApeRjju6zPzOHeGCRmFTjmNiB2gQUp9iJJXk6DUrHtJ+M8NT6zZBXsYcM8dKjmczXSSBQ3OF9qvQ0UtG2cgLLhJzRkr1K/hkOfeDhqN/Wl6Ek4CEEjMkRM80YmmniEuKGZkUrUSQGOERGpCeoiEKiLDT/MAJPFaKB/2IqxdKmKu/J1IUCDEOXNUZIDkU814m/uf1Eumf2ykN40SSEE8X+QmDMoJZWtCjnGDJxoogzKn6K8RDxBGWKtOiCsGcP3mRtCtls1qu3ag0LsC0CuAQHIETYIIaqINr0AAtgMEDeAav4E171F60d+1j2rqkzWYOwJ/Svn8AmVqmMg==</latexit>

�6 = ↵1(�
T�)3 + ↵2(�1�2�3)

2 + ↵3(�
T�)(

X

i

�4
i ) ↵i 2 R

<latexit sha1_base64="7z2qRwvxYuRRYyZi+ygjJp1l6r4="></latexit>

• The �T�

<latexit sha1_base64="z4VA6Fdijox6gVxXVvHBlRX89DI=">AAAB8XicbVDLSgMxFL1TX7W+qi4VCRbBVZkRoS6Lbly20Be2Y8mkmTY0kxmSjFCGLv0DNy4UcesP9Dvc+Q3+hJm2C209kHA4517uvceLOFPatr+szMrq2vpGdjO3tb2zu5ffP2ioMJaE1knIQ9nysKKcCVrXTHPaiiTFgcdp0xvepH7zgUrFQlHTo4i6Ae4L5jOCtZHuOtGA3dfSv5sv2EV7CrRMnDkplI8n1e/Hk0mlm//s9EISB1RowrFSbceOtJtgqRnhdJzrxIpGmAxxn7YNFTigyk2mG4/RmVF6yA+leUKjqfq7I8GBUqPAM5UB1gO16KXif1471v6VmzARxZoKMhvkxxzpEKXnox6TlGg+MgQTycyuiAywxESbkHImBGfx5GXSuCg6l8VS1aRxDTNk4QhO4RwcKEEZbqECdSAg4Ale4NVS1rP1Zr3PSjPWvOcQ/sD6+AFwhZR7</latexit>

will not generate any potential for pions, so m2
⇡ / y3

<latexit sha1_base64="kHOZFuRVwWr2DXuZn4HsW5VFQw8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahq5JUoS6LblxWsA9o0jCZTtqhM8kwMxFiKH6IGzcuFHHrN7h1J/oxTh8LbT1w4XDOvdx7T8Apkcq2P43c0vLK6lp+vbCxubW9Y+7uNWWcCIQbKKaxaAdQYkoi3FBEUdzmAkMWUNwKhhdjv3WDhSRxdK1Sjj0G+xEJCYJKS755wPzM5WTUrbhcxFzFVto98c2iXbYnsBaJMyPF2lHp+6v6fl/3zQ+3F6OE4UghCqXsODZXXgaFIojiUcFNJOYQDWEfdzSNIMPSyybXj6xjrfSsMBa6ImVN1N8TGWRSpizQnQyqgZz3xuJ/XidR4ZmXkYgnCkdouihMqKWfHEdh9YjASNFUE4gE0bdaaAAFREoHVtAhOPMvL5JmpeyclqtXOo1zMEUeHIIjUAIOqIIauAR10AAI3IIH8ASejTvj0XgxXqetOWM2sw/+wHj7AZBNmQg=</latexit>
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• For a general discrete group, we need to find the lowest order invariant 
that breaks the continuous symmetry. 

13



• Nonlinear realizations of discrete symmetry forbids quadratic 
sensitivity in effective potential.

• The effective potential is highly suppressed.

• The degree of suppression is group dependent.

Summary
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