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• Today: new perspectives on the strong coupling dynamics of 
non-supersymmetric gauge theories. 

Goal: probing strong coupling dynamics of 4d gauge theories

          gauge theory with Nf = 2 adjoint Weyl fermions 
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• Approach: break            supersymmetry. 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properties of 
            gauge theory 
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determine the IR phase

motivates new results 

SUSY-breaking

analysis

“4d adjoint QCD”



I) Probing the IR phase of adjoint QCD

with            supersymmetry
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Confinement: unbroken        1-form center symmetry.
<latexit sha1_base64="9oUcGjShE3BbA60uzxTpydJK48g=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJKIqrghtXUsE+sK1hMp20QycPZiZCDcFfceNCEbf+hzv/xkmbhbYeGDiccy/3zHEjzqSyrG+jsLC4tLxSXC2trW9sbpnbO00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73LackeXmd96oEKyMLhV44j2fDwImMcIVlpyzL2uj9XQdZO71Emu0/ukYh+ljlm2qtYEaJ7YOSlDjrpjfnX7IYl9GijCsZQd24pUL8FCMcJpWurGkkaYjPCAdjQNsE9lL5mkT9GhVvrIC4V+gUIT9fdGgn0px76rJ7OsctbLxP+8Tqy8817CgihWNCDTQ17MkQpRVgXqM0GJ4mNNMBFMZ0VkiAUmShdW0iXYs1+eJ83jqn1atW5OyrWLvI4i7MMBVMCGM6jBFdShAQQe4Rle4c14Ml6Md+NjOlow8p1d+APj8wc2v5UI</latexit>

Z(1)
N

Chiral symmetry breaking:                    , leading to
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→ N copies of a                                                                                          
                                                       

Standard lore for Nf = 2 adjoint QCD
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CP1 = SU(2)
U(1)

also see: [Unsal ’07] [Bi, Senthil ’18] [Anber, Poppitz ’18] [Cordova, Dumitrescu ’18] …

<latexit sha1_base64="26C4GrpN6qIez95MLlJOFpWeTp0=">AAACQ3icbVDLSsNAFJ34rPEVdelmsAgupCYS1JUU3LgqFewDm1Im02k7dCaJM5NiCf0Mv8at/Qi/wZ24LThps6htDwwczrmXOff4EaNS2faXsba+sbm1ndsxd/f2Dw6to+OqDGOBSQWHLBR1H0nCaEAqiipG6pEgiPuM1Pz+Q+rXBkRIGgbPahiRJkfdgHYoRkpLLevK40j1fD95GbVKnqScvMI5KXFLo/kRt2Xl7YI9BVwmTkbyIEO5ZU28dohjTgKFGZKy4diRaiZIKIoZGZleLEmEcB91SUPTAHEim8n0sBE810obdkKhX6DgVJ3fSBCXcsh9PZlmlIteKq7yGrHq3DUTGkSxIgGefdSJGVQhTFuCbSoIVmyoCcKC6qwQ95BAWOkuzZWhL9sDGsks/1t2gKn7chbbWSbV64JzU3Cf3HzxPmsuB07BGbgADrgFRfAIyqACMHgHH+ATjI2x8W38GL+z0TUj2zkB/2BM/gB+iLJ2</latexit>

ZN ' Z4N/Z4



Confinement: unbroken        1-form center symmetry.
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Chiral symmetry breaking:                    , leading to
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The         Cartan must be unbroken by the Vafa-Witten theorem. *
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• Adding a small fermion mass in the        vacua  
                          → the N confining vacua of            SYM
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• Nice parallels to the             origin of confinement in the            
vacua.       
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gauge theory with 2 adjoint Weyl 
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<latexit sha1_base64="8poAy2ucm35zlzAd9U7s8XQVdjo=">AAACE3icbVDLSsNAFJ3UV42vqks3wSK4kJKoqCstuNBlC/YBbSiTyU07dDIJM5NiKf0Ct/Zr3KlbP8CPEZymWWjbAwOHc+5lzj1ezKhUtv1t5FZW19Y38pvm1vbO7l5h/6Auo0QQqJGIRaLpYQmMcqgpqhg0YwE49Bg0vP791G8MQEga8Sc1jMENcZfTgBKstFR96BSKdslOYS0SJyPFu4+LFJVO4aftRyQJgSvCsJQtx46VO8JCUcJgbLYTCTEmfdyFlqYchyDdURp0bJ1oxbeCSOjHlZWqfzdGOJRyGHp6MsSqJ+e9qbjMayUquHFHlMeJAk5mHwUJs1RkTa+2fCqAKDbUBBNBdVaL9LDAROluzKWhz/wBjWWW/zk7wNR9OfPtLJL6ecm5Kl1W7WL5Fs2QR0foGJ0iB12jMnpEFVRDBAF6Qa9oYkyMN+Pd+JyN5oxs5xD9g/H1C8W5oLk=</latexit>

G

Strategy: breaking            supersymmetry  
[Cordova, Dumitrescu ’18][D’Hoker, Dumitrescu, Gerchkovitz, EN ‘22]
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Can we use the supersymmetric embedding to explore the IR 
dynamics of non-supersymmetric             adjoint QCD? 

<latexit sha1_base64="Q/y93zNwZxsZXUyy7cZcu1qB0XU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh4FWSxCvZSkiHqSghdPUtG0hTaUzXbTLt1swu5GKKG/wYsHq3j1B3nz37hpe9DWBwOP92aYmefHnClt299WbmV1bX0jv1nY2t7Z3SvuHzRUlEhCXRLxSLZ8rChngrqaaU5bsaQ49Dlt+sObzG8+UalYJB71KKZeiPuCBYxgbST3wS3fnXWLJbtiT4GWiTMnpdrxJMNbvVv86vQikoRUaMKxUm3HjrWXYqkZ4XRc6CSKxpgMcZ+2DRU4pMpLp8eO0alReiiIpCmh0VT9PZHiUKlR6JvOEOuBWvQy8T+vnejgykuZiBNNBZktChKOdISyz1GPSUo0HxmCiWTmVkQGWGKiTT4FE4Kz+PIyaVQrzkXl/N6kcQ0z5OEITqAMDlxCDW6hDi4QYPAMrzCxhPVivVsfs9acNZ85hD+wPn8ACDCR6Q==</latexit>

SU(N)

<latexit sha1_base64="qLoJdoQA9T9D6egK9nqb67OiZVk=">AAAB9HicbVDLSsNAFL2pr1pfUZduBovgqiSlqBul4MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cdJmoa0HBg7n3Ms9c/yYM6Ud59sqrK1vbG4Vt0s7u3v7B/bhUUtFiSS0SSIeyY6PFeVM0KZmmtNOLCkOfU7b/vg289sTKhWLxKOextQL8VCwgBGsjeT1QqxHBPP0fnZd7dtlp+LMgVaJm5My5Gj07a/eICJJSIUmHCvVdZ1YeymWmhFOZ6VeomiMyRgPaddQgUOqvHQeeobOjDJAQSTNExrN1d8bKQ6Vmoa+mcxCqmUvE//zuokOrryUiTjRVJDFoSDhSEcoawANmKRE86khmEhmsiIywhITbXoqmRLc5S+vkla14l5Uag+1cv0mr6MIJ3AK5+DCJdThDhrQBAJP8Ayv8GZNrBfr3fpYjBasfOcY/sD6/AGBO5Hs</latexit>

N = 2
<latexit sha1_base64="Shr8/sz8K+WffXoPMropC+8j+Ns=">AAAB7nicbVBNS8NAEJ34WetX1aMgi0Wol5KIqBel4EFPUtG0hTaUzXbTLt1swu5GKKE/wotgRbz6e7z5b9y0PWjrg4HHezPMzPNjzpS27W9rYXFpeWU1t5Zf39jc2i7s7NZUlEhCXRLxSDZ8rChngrqaaU4bsaQ49Dmt+/3rzK8/UalYJB71IKZeiLuCBYxgbaT6zeWDW7o7bheKdtkeA80TZ0qKlYPXDKNqu/DV6kQkCanQhGOlmo4day/FUjPC6TDfShSNMenjLm0aKnBIlZeOzx2iI6N0UBBJU0Kjsfp7IsWhUoPQN50h1j0162Xif14z0cGFlzIRJ5oKMlkUJBzpCGW/ow6TlGg+MAQTycytiPSwxESbhPImBGf25XlSOyk7Z+XTe5PGFUyQg304hBI4cA4VuIUquECgD88wgjcrtl6sd+tj0rpgTWf24A+szx8dBJKB</latexit>

G = SU(N)super Yang Mills with     gauge group 

•     preserves all symmetries (except SUSY) and anomalies.
<latexit sha1_base64="OCREtT4VlW5iq/MdqmMEVIqwU6s=">AAACHXicbVDLSsNAFJ34rPFVdelmsAgupCQq6koLblxW6AvSUCaTSTt0Mgkzk2IJ/Qy39mPEnbgVP0ZwkmahbQ8MHM65lzn3eDGjUlnWt7Gyura+sVnaMrd3dvf2yweHLRklApMmjlgkOh6ShFFOmooqRjqxICj0GGl7w4fMb4+IkDTiDTWOiRuiPqcBxUhpyemGSA0wYmlj0itXrKqVAy4SuyCV+7fLHPVe+afrRzgJCVeYISkd24qVmyKhKGZkYnYTSWKEh6hPHE05Col00zzyBJ5qxYdBJPTjCubq340UhVKOQ09PZhHlvJeJyzwnUcGtm1IeJ4pwPPsoSBhUEczuhz4VBCs21gRhQXVWiAdIIKx0S+bS0Of+iMayyP9cHGDqvuz5dhZJ66JqX1evnqxK7Q7MUALH4AScARvcgBp4BHXQBBhE4AW8gqkxNd6ND+NzNrpiFDtH4B+Mr19ul6VY</latexit>

T

vector multiplet scalar

<latexit sha1_base64="FHkLkaQ4BmQYddApvumBox1T5OA="></latexit>

VSUSY = M2T
<latexit sha1_base64="Hjp8+/AYYEt1I+RY64sKLAOpmWg="></latexit>

T ⇠ tr (�̄�),

<latexit sha1_base64="HEEGsH7BKs5Mmz5uwaTMQAVFJro=">AAACH3icbVDLSsNAFL2prxpfVZdugkVwISUpRd0IFTeupIJ9QBvKZDJth04mcWZSLKHf4dZ+jTtx248RnLRZaNsDA4dz7uWeOV7EqFS2PTNyG5tb2zv5XXNv/+DwqHB80pBhLDCp45CFouUhSRjlpK6oYqQVCYICj5GmN3xI/eaICElD/qLGEXED1Oe0RzFSWnI7AVIDjFjyNLkrdwtFu2TPYa0SJyNFyFDrFn46fojjgHCFGZKy7diRchMkFMWMTMxOLEmE8BD1SVtTjgIi3WQeemJdaMW3eqHQjytrrv7dSFAg5Tjw9GQaUi57qbjOa8eqd+smlEexIhwvDvViZqnQShuwfCoIVmysCcKC6qwWHiCBsNI9mWtDX/kjGsks/1v2AVP35Sy3s0oa5ZJzXao8V4rV+6y5PJzBOVyCAzdQhUeoQR0wvMI7fMDUmBqfxpfxvRjNGdnOKfyDMfsFHZajqA==</latexit>

N = 2

<latexit sha1_base64="tT83mCIV3gL2E4cz1c7nviBQFXg="></latexit>

M/⇤ � 1



•                  lies in the protected stress tensor multiplet, and is 
tracked on the Coulomb branch to the Kähler potential K,

Tracking SUSY-breaking to the IR

[Luty, Rattazzi ’99][Abel, Buican, Komargodski ’11][Cordova, Dumitrescu ’18]

<latexit sha1_base64="WycPxVautwdG2tPmRRDHsQJarXo="></latexit>

T ⇠ tr�̄�

<latexit sha1_base64="y7GZm+vl1NLCzcalsqrevKT6QoE="></latexit>

T �! K =
1

2⇡

N�1X

m=1

Im
�
ām aDm

�

✴ This requires the entire            low-energy effective action  
(K,       ,…) determined by the SU(N) Seiberg-Witten solution. <latexit sha1_base64="OrNS8j4vTg8SNQnjUKpvpmA23+c=">AAACG3icbVDLSgMxFM34rFMftS7dBKvQhZQZEXUlBTcuK9iHtEPJZNI2NMkMSaZYhvoF7lwJ9mvciVsXfoxg2s5C2x4IHM65l5x7/IhRpR3n21pZXVvf2Mxs2dntnd293H6+psJYYlLFIQtlw0eKMCpIVVPNSCOSBHGfkbrfv5n49QGRiobiXg8j4nHUFbRDMdJGemhpFLcTLkbtXMEpOVPAReKmpFDOvz4/FY+zlXbupxWEOOZEaMyQUk3XibSXIKkpZmRkt2JFIoT7qEuahgrEifKSaeARPDFKADuhNE9oOFX/biSIKzXkvpnkSPfUvDcRl3nNWHeuvISKKNZE4NlHnZhBHcLJ9TCgkmDNhoYgLKnJCnEPSYS16cheGvo0GNBIpfkf0wNs05c7384iqZ2V3IvS+Z0p7hrMkAGH4AgUgQsuQRncggqoAgw4eAFvYGyNrXfrw/qcja5Y6c4B+Afr6xciz6Sy</latexit>⌧mn

<latexit sha1_base64="TT1C/L6unMzSkA9Z8FHugJpeiag=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VwISWpom7UghtXUsE+oA1lMpm0QyeTODMpltDvcGu/xYU7cduPEZykWWjbAwOHc+7lnjlOyKhUpjk1ciura+sb+c3C1vbO7l5x/6Ahg0hgUscBC0TLQZIwykldUcVIKxQE+Q4jTWdwn/jNIRGSBvxZjUJi+6jHqUcxUlqyOz5SfYxY/Di+qXSLJbNspoCLxMpI6e7jPEWtW/zpuAGOfMIVZkjKtmWGyo6RUBQzMi50IklChAeoR9qacuQTacdp6DE80YoLvUDoxxVM1b8bMfKlHPmOnkxCynkvEZd57Uh513ZMeRgpwvHskBcxqAKYNABdKghWbKQJwoLqrBD3kUBY6Z4KS0OfuUMayiz/a/aBgu7Lmm9nkTQqZeuyfPFklqq3YIY8OALH4BRY4ApUwQOogTrA4AW8gXcwMSbGp/FlfM9Gc0a2cwj+wZj+AnLkpdU=</latexit>

N = 2

SW periods

 [Seiberg, Witten ’94] [Argyres, Faraggi ’94] [Klemm, Lerche, Theisen, Yankielowicz ’94]

• For              we can reliably analyze                       .
<latexit sha1_base64="FHkLkaQ4BmQYddApvumBox1T5OA="></latexit>

VSUSY = M2T<latexit sha1_base64="nIZcmm/wpxte+eo3w84cNWgFn2s="></latexit>

M ⌧ ⇤



A dual description as a function of M

• For              we flow to adjoint QCD. 
 

The dual leads to a compelling qualitative picture of the dynamics 
as a function of     , and predicts the        phase of adjoint QCD. 

Key result: we construct a dual motivated/deduced from 
softly-broken Seiberg-Witten theory, which interpolates from 
small to large    .

<latexit sha1_base64="XjZJTLlQGSydIJYRbGcIfU97LnM=">AAACH3icbVDLSsNAFL3xWeOr6tJNsAgupCRS1JUUunFZwT6gjWUymbRDJ5M4MymW0O9wa7/GnbjtxwhO2iy07YGBwzn3cs8cL2ZUKtueGRubW9s7u4U9c//g8Oi4eHLalFEiMGngiEWi7SFJGOWkoahipB0LgkKPkZY3rGV+a0SEpBF/VuOYuCHqcxpQjJSW3G6I1MDz0lp98uL0iiW7bM9hrRInJyXIUe8Vf7p+hJOQcIUZkrLj2LFyUyQUxYxMzG4iSYzwEPVJR1OOQiLddB56Yl1qxbeCSOjHlTVX/26kKJRyHHp6Mgspl71MXOd1EhXcuynlcaIIx4tDQcIsFVlZA5ZPBcGKjTVBWFCd1cIDJBBWuidzbehrf0Rjmed/yz9g6r6c5XZWSfOm7NyWK0+VUvUhb64A53ABV+DAHVThEerQAAyv8A4fMDWmxqfxZXwvRjeMfOcM/sGY/QIQd6Oe</latexit>

CP1

<latexit sha1_base64="cg1BNREdJ3VRpRyvpOjn9mQKZK4="></latexit>

M � ⇤

<latexit sha1_base64="bJhX4+qYxOJzLoclp37qMJnf4c8="></latexit>

M

<latexit sha1_base64="bJhX4+qYxOJzLoclp37qMJnf4c8="></latexit>

M



II) SUSY-breaking at small M

and the role of the Kähler potential



The Kähler potential for SU(2)

dyon point

monopole point

see [Luty, Rattazzi ’99] [Cordova, Dumitrescu ’18]

K=0 contour   
   wall of marginal stability

<latexit sha1_base64="LqZdEvQ9a5e9hSTTsZ5Tv7cEPoQ=">AAACI3icbVDLSsNAFJ3UV42PRl26CRbBhZRERV1pwY3LCvYBbSiTyaQdOnkwc1MtoV/i1n6JS3fixoWfIjhNs9C2BwYO59zLPXPcmDMJlvWlFVZW19Y3ipv61vbObsnY22/IKBGE1knEI9FysaSchbQODDhtxYLiwOW06Q7upn5zSIVkUfgIo5g6Ae6FzGcEg5K6RqnDqQ+C9fqAhYieukbZqlgZzEVi56R8+3aeodY1fjpeRJKAhkA4lrJtWzE4KRbACKdjvZNIGmMywD3aVjTEAZVOmgUfm8dK8Uw/EuqFYGbq340UB1KOAldNBhj6ct6bisu8dgL+tZOyME6AhmR2yE+4CZE5bcH0mKAE+EgRTARTWU3SxwITUF3pS0OfekMWyzz/c/4BXfVlz7ezSBpnFfuycvFglas3aIYiOkRH6ATZ6ApV0T2qoToiKEEv6BVNtIn2rn1on7PRgpbvHKB/0L5/AZ87p38=</latexit>$

<latexit sha1_base64="Cq0VJsYsW+Ep4s6JeayCgy889iY=">AAACH3icbVDLSgMxFL3js46vqks3wSJUkDIjRd0oBTcuXFSwD2iHkslk2tDMwyRTLEO/w639Gnfith8jmLaz0LYHAodzz+WeHDfmTCrLmhhr6xubW9u5HXN3b//gMH90XJdRIgitkYhHouliSTkLaU0xxWkzFhQHLqcNt/8wnTcGVEgWhS9qGFMnwN2Q+YxgpSWn2H7SXg+jO2RfdPIFq2TNgJaJnZECZKh28j9tLyJJQENFOJayZVuxclIsFCOcjsx2ImmMSR93aUvTEAdUOuks9Aida8VDfiT0CxWaqX83UhxIOQxc7Qyw6snF2VRcNWslyr91UhbGiaIhmR/yE45UhKYNII8JShQfaoKJYDorIj0sMFG6J3Nl6EtvwGKZ5X/LPmDqvuzFdpZJ/apkX5fKz+VC5T5rLgencAZFsOEGKvAIVagBgVd4hw8YG2Pj0/gyvufWNSPbOYF/MCa/4XCiVg==</latexit>

(⇤ = 1)

•                             is a known function of                (see next slide).  
It is convex with a single minimum at the origin, where                . 

<latexit sha1_base64="Gl7z7Mqa5cBXecodB9KiNW1wh2Y="></latexit>

K(u) ⇠ Im(āaD)
<latexit sha1_base64="hM+rH9Zckb+wzqj5hpHhNcISy8c=">AAACKnicbVDLSgMxFM34rONrVHDjJlgEF1JmSlFXUnDjsoJ9QGcsmTRtQzMPkjulZezPuLVf46649TcE03YW2vZA4HDOvdyT48eCK7DtqbGxubW9s5vbM/cPDo+OrZPTmooSSVmVRiKSDZ8oJnjIqsBBsEYsGQl8wep+/3Hm1wdMKh6FLzCKmReQbsg7nBLQUss6T1zFA+wCG0IKcozduMdfiy0rbxfsOfAqcTKSRxkqLevHbUc0CVgIVBClmo4dg5cSCZwKNjbdRLGY0D7psqamIQmY8tJ5/jG+0kobdyKpXwh4rv7dSEmg1Cjw9WRAoKeWvZm4zmsm0Ln3Uh7GCbCQLg51EoEhwrMycJtLRkGMNCFUcp0V0x6RhIKuzFwb+qY94LHK8g+zD5i6L2e5nVVSKxac20LpuZQvP2TN5dAFukTXyEF3qIyeUAVVEUVv6B19oIkxMT6NqfG1GN0wsp0z9A/G9y84QKfL</latexit>

u ⇠ tr�2
<latexit sha1_base64="PRrlgfR/55BDPanB/+b/9AbOPE4=">AAACG3icbVDLSsNAFJ3UV42vqktBBotQQUoioi5ECm4ENxXsQ9pQJpNJO3QyCTOTYgn9CleK/Rp34taFHyM4abPQ2gMDh3PuZc49bsSoVJb1ZeQWFpeWV/Kr5tr6xuZWYXunLsNYYFLDIQtF00WSMMpJTVHFSDMSBAUuIw23f536jQERkob8Xg0j4gSoy6lPMVJaergtWUfwElpmp1C0ytYE8D+xM1Ks7D+neKl2Ct9tL8RxQLjCDEnZsq1IOQkSimJGRmY7liRCuI+6pKUpRwGRTjIJPIKHWvGgHwr9uIIT9fdGggIph4GrJwOkenLWS8V5XitW/oWTUB7FinA8/ciPGVQhTK+HHhUEKzbUBGFBdVaIe0ggrHRH5tzQx96ARjLL/5gdkPZlz7bzn9RPyvZZ+fROF3cFpsiDPXAASsAG56ACbkAV1AAGAXgCr2BsjI034934mI7mjGxnF/yB8fkDq7ykBQ==</latexit>

K(0) < 0



• Result: we obtain a simple, all-orders Taylor series expansion for                   
               around            , given in terms of<latexit sha1_base64="/nfwe10GnNPoLzxmGgpjPm56qEY=">AAACHHicbVDLSgMxFM3UVx0frbpw4WawCC5KmRFRFyIFXbisYB/YDkMmk2lDk8yQZIpl6F+4tT/hL7gTt4If4LZ/IJg+Ftp6IHA4515y7vFjSqSy7U8js7S8srqWXTc3Nre2c/md3ZqMEoFwFUU0Eg0fSkwJx1VFFMWNWGDIfIrrfvd67Nd7WEgS8XvVj7HLYJuTkCCotPQAPVaEXnrDBl6+YJfsCaxF4sxIobw/GuUuX74qXv67FUQoYZgrRKGUTceOlZtCoQiieGC2EoljiLqwjZuacsiwdNNJ4oF1pJXACiOhH1fWRP29kUImZZ/5epJB1ZHz3lj8z2smKrxwU8LjRGGOph+FCbVUZI3PtwIiMFK0rwlEguisFupAAZHSJZn/hi4GPRLLWf7H2QGm7suZb2eR1E5Kzlnp9E4XdwWmyIIDcAiOgQPOQRncggqoAgQ4eALPYGgMjVfjzXifjmaM2c4e+APj4wfWFqZw</latexit>am, aDm

<latexit sha1_base64="jE1X3ZI3jyBj6Ig3xuArmcgSFmA="></latexit>

un ⇠ 0

• The periods are functions of N-1 complex     . Explicit, 
integrated solutions are known for N = 2,3.

A new expansion for the SU(N) periods

<latexit sha1_base64="taY/U31U5KUuKxdyI1PTR+dlJGk=">AAACMHicbVBLS0JBGJ3b0+xltazFkAQtQu4NqTaF0KZNYJAPUJG546cOzn0w811RLm76NW3z19Qq2vYfgka9i1IPDBzO9zpz3FAKjbb9Ya2srq1vbKa20ts7u3v7mYPDsg4ixaHEAxmoqss0SOFDCQVKqIYKmOdKqLi9+0m90gelReA/4zCEhsc6vmgLztBIzcxJHWGA0z3xYyRdUGo4iusDMaK3tJnJ2jl7CrpInIRkSYJiM/NTbwU88sBHLpnWNccOsREzhYJLGKXrkYaQ8R7rQM1Qn3mgG/H0+oieGaVF24Eyz0c6Vf9OxMzTeui5ptNj2NXztYm4rFaLsH3TiIUfRgg+nx1qR5JiQCeR0JZQwFEODWFcCeOV8i5TjKMJLr3U9EWrL0Kd+B8kH0ibvJz5dBZJ+TLnXOXyT/ls4S5JLkWOySk5Jw65JgXyQIqkRDh5Ia/kjYytsfVufVpfs9YVK5k5Iv9gff8C7OeqvQ==</latexit>

⇠ = 2N root of unity 

[D’Hoker, Dumitrescu, EN ‘22]

 [Klemm, Lerche, Theisen ’95] [Seiberg, Witten ’94]  [Ito, Yang ’95]…

simple functions

<latexit sha1_base64="jDCGecAdKJv7Rwd7uQ2131GvASc="></latexit>un

<latexit sha1_base64="OYpCvYMDiD7madfyiJ1OXuPkMTQ="></latexit>Z ⇠

0
� =

1X

{`n}=0

V{`n}(⇠) u
`1
1 · · ·u`N�1

N�1

<latexit sha1_base64="GQ4Bnhyt+uIDOw46Quh3egmOZcw="></latexit>

am, aDm ⇠
I

Am,Bm

� ⇠
<latexit sha1_base64="nFR7+KflU57RNOo3qGwR8FXS3b8="></latexit>⇢

2F1(u) SU(2)
F4(u, v) SU(3)



• We have analytic and numerical evidence that the SU(2) picture 
remains qualitatively correct.

multi-monopole 
points

Features of the SU(N) Kähler potential

<latexit sha1_base64="Ck52m5mFFy5a5KpTYKljoZ0JDWg=">AAACE3icbVDLSsNAFL3xWeOr6tJNsAgupCQq6koLbly2YB/QhjKZTNqhk0mYmRRL6Be4tV/jTt36AX6M4DTNQtseGDiccy9z7vFiRqWy7W9jZXVtfWOzsGVu7+zu7RcPDhsySgQmdRyxSLQ8JAmjnNQVVYy0YkFQ6DHS9AYPU785JELSiD+pUUzcEPU4DShGSku1YbdYsst2BmuRODkp3X9cZqh2iz8dP8JJSLjCDEnZduxYuSkSimJGxmYnkSRGeIB6pK0pRyGRbpoFHVunWvGtIBL6cWVl6t+NFIVSjkJPT4ZI9eW8NxWXee1EBbduSnmcKMLx7KMgYZaKrOnVlk8FwYqNNEFYUJ3Vwn0kEFa6G3Np6HN/SGOZ53/ODzB1X858O4ukcVF2rstXNbtUuYMZCnAMJ3AGDtxABR6hCnXAQOAFXmFiTIw34934nI2uGPnOEfyD8fULFOmg6A==</latexit>v

K=0 contour

<latexit sha1_base64="JrEftpAH6BnTfwslWh7jA8JN+uE="></latexit>

K(0)
N!1
= �N2

4⇡2

minimum with

<latexit sha1_base64="Cq0VJsYsW+Ep4s6JeayCgy889iY=">AAACH3icbVDLSgMxFL3js46vqks3wSJUkDIjRd0oBTcuXFSwD2iHkslk2tDMwyRTLEO/w639Gnfith8jmLaz0LYHAodzz+WeHDfmTCrLmhhr6xubW9u5HXN3b//gMH90XJdRIgitkYhHouliSTkLaU0xxWkzFhQHLqcNt/8wnTcGVEgWhS9qGFMnwN2Q+YxgpSWn2H7SXg+jO2RfdPIFq2TNgJaJnZECZKh28j9tLyJJQENFOJayZVuxclIsFCOcjsx2ImmMSR93aUvTEAdUOuks9Aida8VDfiT0CxWaqX83UhxIOQxc7Qyw6snF2VRcNWslyr91UhbGiaIhmR/yE45UhKYNII8JShQfaoKJYDorIj0sMFG6J3Nl6EtvwGKZ5X/LPmDqvuzFdpZJ/apkX5fKz+VC5T5rLgencAZFsOEGKvAIVagBgVd4hw8YG2Pj0/gyvufWNSPbOYF/MCa/4XCiVg==</latexit>

(⇤ = 1)

<latexit sha1_base64="uqwMoRQNua44I7WjPehGW7R8Mck=">AAACI3icbVDLSgMxFM3UVx0fHXXpwmAptCBlRkXdKAU3gpuK9gFtKZk0bUMzmSHJFMvQL3En9gv8DHfixoU/Igim7Sy07YHA4Zx7uSfHDRiVyrY/jcTS8srqWnLd3Njc2k5ZO7tl6YcCkxL2mS+qLpKEUU5KiipGqoEgyHMZqbi967Ff6RMhqc8f1CAgDQ91OG1TjJSWmlbqthndl7InuSHM9i/tXNNK23l7AjhPnJikC5nn3MHrNy82rZ96y8ehR7jCDElZc+xANSIkFMWMDM16KEmAcA91SE1TjjwiG9Ek+BBmtNKCbV/oxxWcqH83IuRJOfBcPekh1ZWz3lhc5NVC1b5oRJQHoSIcTw+1QwaVD8ctwBYVBCs20ARhQXVWiLtIIKx0V+bC0EetPg1knP8x/oCp+3Jm25kn5eO8c5Y/vdPFXYEpkmAfHIIscMA5KIAbUAQlgEEInsALGBkj4814Nz6mowkj3tkD/2B8/QK5U6aH</latexit>

KSU(3)(v = 0)
<latexit sha1_base64="gcU6F5UOgcUZTswU7YmP6QECas8=">AAACIHicbVDdSgJBGJ21P7M/q8suGhJBIWS3orophG6CboxaFdRkdnZWB2dnl5lZSRbfo9t8hV6iu+iyHiUIGnUvyjwwcDjn+/jOHCdkVCrT/DBSC4tLyyvp1cza+sbmVnZ7pyqDSGBi44AFou4gSRjlxFZUMVIPBUG+w0jN6V2N/VqfCEkDfq8GIWn5qMOpRzFSWnq4acd3duG4OIQX0ITtbM4smRPA/8RKSK6cHxX3X754pZ39broBjnzCFWZIyoZlhqoVI6EoZmSYaUaShAj3UIc0NOXIJ7IVT1IPYV4rLvQCoR9XcKL+3oiRL+XAd/Skj1RXznpjcZ7XiJR33oopDyNFOJ4e8iIGVQDHFUCXCoIVG2iCsKA6K8RdJBBWuqjM3NCHbp+GMsn/mHwgo/uyZtv5T6pHJeu0dHKri7sEU6TBHjgABWCBM1AG16ACbICBAE/gGYyMkfFqvBnv09GUkezsgj8wPn8AL3WlxQ==</latexit>

KSU(3) = 0 surface



•            only gives mass to the scalars.  

• This vacuum is in the Coulomb phase, with unbroken  
                        chiral symmetry.  

• This analysis is reliable at small    , but would be a surprising 
prediction for the phase of adjoint QCD! 

• If adjoint QCD confines and breaks chiral symmetry, the true 
vacuum requires at least one phase transition from this small      
     vacuum. 

The physics of the small M vacuum 
<latexit sha1_base64="OYCplj9fCL61OeDCzuqpPj7NXV4=">AAACI3icbVDLTsJAFJ36RFCpuHTTiCYsDGmNUVeGxI1LDPIw0JDpMMCE6SMztwTS1C/wB4xb+Rp3xo0LP8XEAbpQ4CSTnJxzb+6Z4wScSTDNL21tfWNzazu1k87s7u1n9YNcTfqhILRKfO6LhoMl5cyjVWDAaSMQFLsOp3VncDv160MqJPO9BxgH1HZxz2NdRjAoqa1na+2oBXQEUaVaeYzjtp43i+YMxjKxEpIv5V6enwonmXJb/2l1fBK61APCsZRNywzAjrAARjiN061Q0gCTAe7RpqIedqm0o1nw2DhVSsfo+kI9D4yZ+ncjwq6UY9dRky6Gvlz0puIqrxlC99qOmBeEQD0yP9QNuQG+MW3B6DBBCfCxIpgIprIapI8FJqC6Sq8MfdYZskAm+UfJB9KqL2uxnWVSOy9al8WLe1XcDZojhY7QMSogC12hErpDZVRFBIXoFb2hiTbR3rUP7XM+uqYlO4foH7TvX2dnp2E=</latexit>

VSUSY

<latexit sha1_base64="5CFvu1H87JUv+SQ2HovjSKkvj5I=">AAACMnicbVDLSsNAFJ3UV62vqEtBBotQQUpSirqSghtXUh99YBPCZDpth04ezEyKJWTn17i1P6M7cesvCE7aLLT2woXDOfdyzz1uyKiQhvGm5ZaWV1bX8uuFjc2t7R19d68pgohj0sABC3jbRYIw6pOGpJKRdsgJ8lxGWu7wKtVbI8IFDfwHOQ6J7aG+T3sUI6koRz+8b5QqJ84dtCT1iICWh+TAdePHxImrN4mjF42yMS34H5gZKIKs6o7+bXUDHHnEl5ghITqmEUo7RlxSzEhSsCJBQoSHqE86CvpIHbXj6R8JPFZMF/YCrtqXcMr+3oiRJ8TYc9VkalPMaym5SOtEsndhx9QPI0l8PDvUixiUAUxDgV3KCZZsrADCnCqvEA8QR1iq6AoLTZ92RzQUmf+n7IGCysucT+c/aFbK5lm5elst1i6z5PLgAByBEjDBOaiBa1AHDYDBM3gBr2CiTbR37UP7nI3mtGxnH/wp7esHAcOqJA==</latexit>

SU(2)R ⇥ Z4N

<latexit sha1_base64="bJhX4+qYxOJzLoclp37qMJnf4c8="></latexit>

M

<latexit sha1_base64="bJhX4+qYxOJzLoclp37qMJnf4c8="></latexit>

M



Interlude: Dialing up M

and the physics of the multi-monopole points



• There are N towers of N-1 mutually local dyons rotated by 

The BPS spectrum in the SU(N) strong coupling chamber

[Lerche ’00] [Alim, Cecotti, Cordova, Espahbodi, Rastogi, Vafa ’11]

<latexit sha1_base64="+5nwb64+lD+gPODEE5Jo2QGc+Go=">AAACH3icbVDLSgMxFM34rOOjVRcu3ASL4KKWGRF1oVJw40oq2Ae0Q8lkMm1oMjMmmWIp/Q639hv8CHfith/gtn8gmLaz0LYHAodz7+GeHDdiVCrLGhpLyyura+upDXNza3snndndK8swFpiUcMhCUXWRJIwGpKSoYqQaCYK4y0jFbd+N55UOEZKGwZPqRsThqBlQn2KktOTwGztX90Ilcw+ndiOTtfLWBHCe2AnJFg5Go/T1+3exkfnRXhxzEijMkJQ124qU00NCUcxI36zHkkQIt1GT1DQNECfS6U1C9+GxVjzoh0K/QMGJ+tfRQ1zKLnf1JkeqJWdnY3HRrBYr/8rp0SCKFQnw9JAfM6hCOG4AelQQrFhXE4QF1VkhbiGBsNI9mQtD57wOjWSS/yX5gKn7smfbmSfls7x9kT9/1MXdgilS4BAcgRNgg0tQAPegCEoAg2fwCt7AwBgYH8an8TVdXTISzz74B2P4C6QEpsE=</latexit>

m = 1, . . . , N � 1

<latexit sha1_base64="rsz/OpcwMSvweEAzrINa6RQKNc8="></latexit>

MBPS
m ({u} = 0) ⇠ ⇤ sin ⇡m

N

[Chuang, Diaconescu, Manschot, Moore, Soibelman ’13] …

<latexit sha1_base64="lqfJ2yhaQRAbLQh0O4MWNguiMoE=">AAACN3icbVDLSsNAFJ34rPFVdelmsAgupCRS1JUU3LgqFewDm1Amk0k7dDIJM5NiCfkAv8at/RRX7sStHyA4bbOobQ8MHM65lzn3eDGjUlnWh7G2vrG5tV3YMXf39g8Oi0fHTRklApMGjlgk2h6ShFFOGooqRtqxICj0GGl5g/uJ3xoSIWnEn9QoJm6IepwGFCOlpW6x5IRI9T0vfc66NUcmniQKzmlppZbpKatsTQGXiZ2TEshR7xZ/HT/CSUi4wgxJ2bGtWLkpEopiRjLTSSSJER6gHuloylFIpJtOj8nguVZ8GERCP67gVJ3fSFEo5Sj09OQkplz0JuIqr5Oo4NZNKY8TRTiefRQkDKoITpqBPhUEKzbSBGFBdVaI+0ggrHR/5srQl/6QxjLP/5IfYOq+7MV2lknzqmxflyuPlVL1Lm+uAE7BGbgANrgBVfAA6qABMHgFb+AdjI2x8Wl8Gd+z0TUj3zkB/2D8/AGXJ62X</latexit>

ZN ⇢ Z4N

…
<latexit sha1_base64="2KQb3DMrHvmK7FeZHYiXtbDmpcU="></latexit>

MBPS
1 ⇠ ⇤

N

<latexit sha1_base64="QZhfB2jLnGJQPEjRAQDl8Qff+hE="></latexit>

MBPS
N/2 ⇠ ⇤

The minimum at the origin is 
unreliable for                     (EFT cutoff)

<latexit sha1_base64="lwrM4yozqji4KHoIG0kAVzaNw0Q=">AAACE3icbVDLSsNAFJ34rPFVdelmsAgupCRS1JUU3LhswT6gDWUyuWmHTiZhZlIsoV/g1n6NO3HrB/gxgtM2C217YOBwzr3MucdPOFPacb6tjc2t7Z3dwp69f3B4dFw8OW2qOJUUGjTmsWz7RAFnAhqaaQ7tRAKJfA4tf/g481sjkIrF4lmPE/Ai0hcsZJRoI9WdXrHklJ058Cpxc1JCOWq94k83iGkagdCUE6U6rpNoLyNSM8phYndTBQmhQ9KHjqGCRKC8bB50gi+NEuAwluYJjefq342MREqNI99MRkQP1LI3E9d5nVSH917GRJJqEHTxUZhyrGM8uxoHTALVfGwIoZKZrJgOiCRUm27staGvgxFLVJ7/JT/ANn25y+2skuZN2b0tV+qVUvUhb66AztEFukIuukNV9IRqqIEoAvSK3tDUmlrv1of1uRjdsPKdM/QP1tcvSMuecg==</latexit>

0

(   -fold degenerate) <latexit sha1_base64="FnJq3WpP5ibKwlfHi+vFAH0lXJ4=">AAACE3icbVDLSgMxFL1TX3V8VV26CRbBhZQZKepKCm5cSQv2Ae1QMpm0Dc1khiRTLEO/wK39Gnfi1g/wYwTTdhba9kDgcM695Nzjx5wp7TjfVm5jc2t7J79r7+0fHB4Vjk8aKkokoXUS8Ui2fKwoZ4LWNdOctmJJcehz2vSHDzO/OaJSsUg863FMvRD3BesxgrWRak/dQtEpOXOgVeJmpAgZqt3CTyeISBJSoQnHSrVdJ9ZeiqVmhNOJ3UkUjTEZ4j5tGypwSJWXzoNO0IVRAtSLpHlCo7n6dyPFoVLj0DeTIdYDtezNxHVeO9G9Oy9lIk40FWTxUS/hSEdodjUKmKRE87EhmEhmsiIywBITbbqx14a+CkYsVln+l+wA2/TlLrezShrXJfemVK6Vi5X7rLk8nME5XIILt1CBR6hCHQhQeIU3mFpT6936sD4Xozkr2zmFf7C+fgF7TZ6Q</latexit>

N

<latexit sha1_base64="pwwUPRHMD1cyVRnVIO+CM26uzew=">AAACF3icbVBNS8NAFHypXzV+VT16CRbBg5REinqSghePFUxbaELZbDbt0s0m7G6KJfQ3eLW/xpt49eiPEdy2OWjbgYVh5j123gQpo1LZ9rdR2tjc2t4p75p7+weHR5Xjk5ZMMoGJixOWiE6AJGGUE1dRxUgnFQTFASPtYPgw89sjIiRN+LMap8SPUZ/TiGKktOR6eeZNepWqXbPnsFaJU5AqFGj2Kj9emOAsJlxhhqTsOnaq/BwJRTEjE9PLJEkRHqI+6WrKUUykn8/DTqwLrYRWlAj9uLLm6t+NHMVSjuNAT8ZIDeSyNxPXed1MRXd+TnmaKcLx4qMoY5ZKrNnlVkgFwYqNNUFYUJ3VwgMkEFa6H3Nt6KtwRFNZ5H8pDjB1X85yO6ukdV1zbmr1p3q1cV80V4YzOIdLcOAWGvAITXABA4VXeIOpMTXejQ/jczFaMoqdU/gH4+sXLPGgjw==</latexit>

{u}

<latexit sha1_base64="fmJJdRe4aN3xhqFM3o3rPvjr2uk="></latexit>

M & MBPS
1



• One state from each tower becomes massless at each of the 
N multi-monopole points.

…

<latexit sha1_base64="+QEAtjaN1qJJNvHXp3jWyMYbUE0=">AAAB7nicbVBNS8NAEJ34WetX1aMgi0XwVBIR9SQFLx4r2A9oQtlsp+3SzSbsboQS+iO8CFbEq7/Hm//GTduDtj4YeLw3w8y8MBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhQ8epYlhnsYhVK6QaBZdYN9wIbCUKaRQKbIbDu9xvPqHSPJaPZpRgENG+5D3OqLFS08/SjvTHnVLZrbhTkGXizUm5evKaY1LrlL78bszSCKVhgmrd9tzEBBlVhjOB46KfakwoG9I+ti2VNEIdZNNzx+TMKl3Si5UtachU/T2R0UjrURTazoiagV70cvE/r52a3k2QcZmkBiWbLeqlgpiY5L+TLlfIjBhZQpni9lbCBlRRZmxCRRuCt/jyMmlcVLyryuWDTeMWZijAMZzCOXhwDVW4hxrUgcEQnmECb07ivDjvzsesdcWZzxzBHzifP98jk6g=</latexit>

{un}

<latexit sha1_base64="2KQb3DMrHvmK7FeZHYiXtbDmpcU="></latexit>

MBPS
1 ⇠ ⇤

N

<latexit sha1_base64="QZhfB2jLnGJQPEjRAQDl8Qff+hE="></latexit>

MBPS
N/2 ⇠ ⇤

MM point<latexit sha1_base64="lwrM4yozqji4KHoIG0kAVzaNw0Q=">AAACE3icbVDLSsNAFJ34rPFVdelmsAgupCRS1JUU3LhswT6gDWUyuWmHTiZhZlIsoV/g1n6NO3HrB/gxgtM2C217YOBwzr3MucdPOFPacb6tjc2t7Z3dwp69f3B4dFw8OW2qOJUUGjTmsWz7RAFnAhqaaQ7tRAKJfA4tf/g481sjkIrF4lmPE/Ai0hcsZJRoI9WdXrHklJ058Cpxc1JCOWq94k83iGkagdCUE6U6rpNoLyNSM8phYndTBQmhQ9KHjqGCRKC8bB50gi+NEuAwluYJjefq342MREqNI99MRkQP1LI3E9d5nVSH917GRJJqEHTxUZhyrGM8uxoHTALVfGwIoZKZrJgOiCRUm27staGvgxFLVJ7/JT/ANn25y+2skuZN2b0tV+qVUvUhb66AztEFukIuukNV9IRqqIEoAvSK3tDUmlrv1of1uRjdsPKdM/QP1tcvSMuecg==</latexit>

0

The multi-monopole points as a candidate dual

• Strategy: use the EFT of the light monopoles as a dual 
description that captures the physics of the massive BPS states. 
✴ Focus on 1 MM point—the rest are related by the      . <latexit sha1_base64="gPH5yEqy50Ny5Xag9ClbA1TmTq4=">AAACHnicbVDLSgMxFM3UVx1fVZdugkVwIWVGirqSghtXUsE+sDOUTCZtQzOZkGSKZehvuLVf407c6scIZtpZaNsDgcM593JPTiAYVdpxvq3C2vrG5lZx297Z3ds/KB0eNVWcSEwaOGaxbAdIEUY5aWiqGWkLSVAUMNIKhneZ3xoRqWjMn/RYED9CfU57FCNtJM+LkB4EQfo86T50S2Wn4swAl4mbkzLIUe+WfrwwxklEuMYMKdVxHaH9FElNMSMT20sUEQgPUZ90DOUoIspPZ5kn8MwoIezF0jyu4Uz9u5GiSKlxFJjJLKNa9DJxlddJdO/GTykXiSYczw/1EgZ1DLMCYEglwZqNDUFYUpMV4gGSCGtTk70y9EU4okLl+V/yD9imL3exnWXSvKy4V5XqY7Vcu82bK4ITcArOgQuuQQ3cgzpoAAwEeAVvYGpNrXfrw/qcjxasfOcY/IP19Qu5nKN5</latexit>

ZN

<latexit sha1_base64="+5nwb64+lD+gPODEE5Jo2QGc+Go=">AAACH3icbVDLSgMxFM34rOOjVRcu3ASL4KKWGRF1oVJw40oq2Ae0Q8lkMm1oMjMmmWIp/Q639hv8CHfith/gtn8gmLaz0LYHAodz7+GeHDdiVCrLGhpLyyura+upDXNza3snndndK8swFpiUcMhCUXWRJIwGpKSoYqQaCYK4y0jFbd+N55UOEZKGwZPqRsThqBlQn2KktOTwGztX90Ilcw+ndiOTtfLWBHCe2AnJFg5Go/T1+3exkfnRXhxzEijMkJQ124qU00NCUcxI36zHkkQIt1GT1DQNECfS6U1C9+GxVjzoh0K/QMGJ+tfRQ1zKLnf1JkeqJWdnY3HRrBYr/8rp0SCKFQnw9JAfM6hCOG4AelQQrFhXE4QF1VkhbiGBsNI9mQtD57wOjWSS/yX5gKn7smfbmSfls7x9kT9/1MXdgilS4BAcgRNgg0tQAPegCEoAg2fwCt7AwBgYH8an8TVdXTISzz74B2P4C6QEpsE=</latexit>

m = 1, . . . , N � 1

<latexit sha1_base64="rsz/OpcwMSvweEAzrINa6RQKNc8="></latexit>

MBPS
m ({u} = 0) ⇠ ⇤ sin ⇡m

N

(   -fold degenerate) <latexit sha1_base64="FnJq3WpP5ibKwlfHi+vFAH0lXJ4=">AAACE3icbVDLSgMxFL1TX3V8VV26CRbBhZQZKepKCm5cSQv2Ae1QMpm0Dc1khiRTLEO/wK39Gnfi1g/wYwTTdhba9kDgcM695Nzjx5wp7TjfVm5jc2t7J79r7+0fHB4Vjk8aKkokoXUS8Ui2fKwoZ4LWNdOctmJJcehz2vSHDzO/OaJSsUg863FMvRD3BesxgrWRak/dQtEpOXOgVeJmpAgZqt3CTyeISBJSoQnHSrVdJ9ZeiqVmhNOJ3UkUjTEZ4j5tGypwSJWXzoNO0IVRAtSLpHlCo7n6dyPFoVLj0DeTIdYDtezNxHVeO9G9Oy9lIk40FWTxUS/hSEdodjUKmKRE87EhmEhmsiIywBITbbqx14a+CkYsVln+l+wA2/TlLrezShrXJfemVK6Vi5X7rLk8nME5XIILt1CBR6hCHQhQeIU3mFpT6936sD4Xozkr2zmFf7C+fgF7TZ6Q</latexit>

N

N-1 states 



Exploring the dual as a function of M

• The dual description at the multi-monopole points is a           
abelian Higgs model, with:                    

<latexit sha1_base64="O8tiG08IiOkRE3x0ckVCu2a9gBA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahHixJKepJCnrwJBVMW2hj2Ww37dLNJuxuhBL6N7x4UMSrf8ab/8Ztm4O2Phh4vDfDzDw/5kxp2/62ciura+sb+c3C1vbO7l5x/6CpokQS6pKIR7LtY0U5E9TVTHPajiXFoc9pyx9dT/3WE5WKReJBj2PqhXggWMAI1kbqumXntHfzmN6dOZNesWRX7BnQMnEyUoIMjV7xq9uPSBJSoQnHSnUcO9ZeiqVmhNNJoZsoGmMywgPaMVTgkCovnd08QSdG6aMgkqaERjP190SKQ6XGoW86Q6yHatGbiv95nUQHl17KRJxoKsh8UZBwpCM0DQD1maRE87EhmEhmbkVkiCUm2sRUMCE4iy8vk2a14pxXave1Uv0qiyMPR3AMZXDgAupwCw1wgUAMz/AKb1ZivVjv1se8NWdlM4fwB9bnDyJGkHM=</latexit>

U(1)N�1
D

<latexit sha1_base64="mANUlRw5TqBKYvKe6fYy7vNSkOM=">AAACIHicbVDLSgMxFM34rOOr6tJNsAgVSpmRoq6koAuXFewD2rFkMpk2NMkMSaZYhv6HW/s17sSl/otg2s5C2x4IHM69h3ty/JhRpR3ny1pb39jc2s7t2Lt7+weH+aPjhooSiUkdRyySLR8pwqggdU01I61YEsR9Rpr+4G46bw6JVDQST3oUE4+jnqAhxUgb6bmIuuk9H5c6QaTVRTdfcMrODHCZuBkpgAy1bv7HGHHCidCYIaXarhNrL0VSU8zI2O4kisQID1CPtA0ViBPlpbPUY3hulACGkTRPaDhT/zpSxJUacd9scqT7anE2FVfN2okOb7yUijjRROD5oTBhUEdwWgEMqCRYs5EhCEtqskLcRxJhbYqyV4YuBUMaqyz/S/YB2/TlLrazTBqXZfeqXHmsFKq3WXM5cArOQBG44BpUwQOogTrAQIJX8AYm1sR6tz6sz/nqmpV5TsA/WN+/Xu6jwA==</latexit>

(aDm, . . . )
<latexit sha1_base64="pgi9qU6gLd8YjotIsokuNiZIltE=">AAACKXicbVDLSsNAFJ34rPEVFVduBotQoZSkFHWjFNy4rGAf0MYwmUzaoZMHM5NiCfkYt/Zr3Klbv0Nw2mahbQ8MHM69h3vmuDGjQprmp7a2vrG5tV3Y0Xf39g8OjaPjlogSjkkTRyziHRcJwmhImpJKRjoxJyhwGWm7w/vpvD0iXNAofJLjmNgB6ofUpxhJJTnGaWnwnNJbq1zNnDTIyj0vkuLSMYpmxZwBLhMrJ0WQo+EYP8qIk4CEEjMkRNcyY2mniEuKGcn0XiJIjPAQ9UlX0RAFRNjpLH4GL5TiQT/i6oUSztS/jhQFQowDV20GSA7E4mwqrpp1E+nf2CkN40SSEM8P+QmDMoLTLqBHOcGSjRVBmFOVFeIB4ghL1Zi+MnTZG9FY5Plf8g/oqi9rsZ1l0qpWrKtK7bFWrN/lzRXAGTgHJWCBa1AHD6ABmgCDFLyCNzDRJtq79qF9zVfXtNxzAv5B+/4F6QmmhQ==</latexit>

(hi=1,2
m , . . . )

• Add                         to the effective action, where     matches 
onto K upon integrating out the monopoles.           

              hypermultiplets                            monopoles<latexit sha1_base64="Ors3Qkz4yShk/DjCJogYD708rrc=">AAACI3icbVDLSsNAFJ3UV42PRl26GSyCCymJFHUlBTcuK9gHtKFMJpN26OTBzE21hH6JW/s17sSNCz9FcNpmoW0PDBzOuZd75niJ4Aps+8sobGxube8Ud829/YPDknV03FRxKilr0FjEsu0RxQSPWAM4CNZOJCOhJ1jLG97P/NaIScXj6AnGCXND0o94wCkBLfWsUlewACTvD4BIGT/3rLJdsefAq8TJSRnlqPesn64f0zRkEVBBlOo4dgJuRiRwKtjE7KaKJYQOSZ91NI1IyJSbzYNP8LlWfBzEUr8I8Fz9u5GRUKlx6OnJkMBALXszcZ3XSSG4dTMeJSmwiC4OBanAEONZC9jnklEQY00IlVxnxXRAJKGguzLXhr70RzxRef6X/AOm7stZbmeVNK8qznWl+lgt1+7y5oroFJ2hC+SgG1RDD6iOGoiiFL2iNzQ1psa78WF8LkYLRr5zgv7B+P4FSQalTw==</latexit>$
vector multiplets                                        at the MM point    <latexit sha1_base64="Ors3Qkz4yShk/DjCJogYD708rrc=">AAACI3icbVDLSsNAFJ3UV42PRl26GSyCCymJFHUlBTcuK9gHtKFMJpN26OTBzE21hH6JW/s17sSNCz9FcNpmoW0PDBzOuZd75niJ4Aps+8sobGxube8Ud829/YPDknV03FRxKilr0FjEsu0RxQSPWAM4CNZOJCOhJ1jLG97P/NaIScXj6AnGCXND0o94wCkBLfWsUlewACTvD4BIGT/3rLJdsefAq8TJSRnlqPesn64f0zRkEVBBlOo4dgJuRiRwKtjE7KaKJYQOSZ91NI1IyJSbzYNP8LlWfBzEUr8I8Fz9u5GRUKlx6OnJkMBALXszcZ3XSSG4dTMeJSmwiC4OBanAEONZC9jnklEQY00IlVxnxXRAJKGguzLXhr70RzxRef6X/AOm7stZbmeVNK8qznWl+lgt1+7y5oroFJ2hC+SgG1RDD6iOGoiiFL2iNzQ1psa78WF8LkYLRr5zgv7B+P4FSQalTw==</latexit>$

<latexit sha1_base64="AAT/ASkcoTAaJ+YQvf6Dz9ds1qU=">AAACHXicbVDLSgMxFM34rOOr6tJNsAgupMxIUVdScOOyQl8wHUomk2lDM8mQZIpl6Ge4tV/jTtyKHyOYaWehbQ8EDufcS849QcKo0o7zbW1sbm3v7Jb27P2Dw6Pj8slpW4lUYtLCggnZDZAijHLS0lQz0k0kQXHASCcYPeZ+Z0ykooI39SQhfowGnEYUI20krxcjPcSIZc1pv1xxqs4ccJW4BamAAo1++acXCpzGhGvMkFKe6yTaz5DUFDMytXupIgnCIzQgnqEcxUT52TzyFF4aJYSRkOZxDefq340MxUpN4sBM5hHVspeL6zwv1dG9n1GepJpwvPgoShnUAub3w5BKgjWbGIKwpCYrxEMkEdamJXtt6OtwTBNV5H8pDrBNX+5yO6ukfVN1b6u151ql/lA0VwLn4AJcARfcgTp4Ag3QAhgI8ArewMyaWe/Wh/W5GN2wip0z8A/W1y8YYqMo</latexit>

T
<latexit sha1_base64="FHkLkaQ4BmQYddApvumBox1T5OA="></latexit>

VSUSY = M2T

<latexit sha1_base64="FpPjwOMF875xOqDYq32WC38cLjs=">AAACGnicbVDLSgMxFL1TX7W+qi7dBIvgQsqMFHWjFHThsoJ9QDuUTCbThiYzQ5IplqE/4dZ+jTtx68aPEUzbWWjbA4HDOfeSc48Xc6a0bX9bubX1jc2t/HZhZ3dv/6B4eNRQUSIJrZOIR7LlYUU5C2ldM81pK5YUC4/Tpje4n/rNIZWKReGzHsXUFbgXsoARrI3Uwt30QYxv7W6xZJftGdAycTJSggy1bvGn40ckETTUhGOl2o4dazfFUjPC6bjQSRSNMRngHm0bGmJBlZvO8o7RmVF8FETSvFCjmfp3I8VCqZHwzKTAuq8Wvam4ymsnOrhxUxbGiaYhmX8UJBzpCE2PRz6TlGg+MgQTyUxWRPpYYqJNRYWVoS/8IYtVlv8lO6Bg+nIW21kmjcuyc1WuPFVK1busuTycwCmcgwPXUIVHqEEdCHB4hTeYWBPr3fqwPuejOSvbOYZ/sL5+Acz5oV4=</latexit>

aDm = 0



Key features of the scalar potential
<latexit sha1_base64="Id+XJnQJwuLgGJDzNlZx4VE3UHc="></latexit>

VSUSY ⇠
X

m

|aDm|2(h̄ihi)m +
X

m,n

(t�1)mn


(h̄ihj)m(h̄jhi)n � 1

2
(h̄ihi)m(h̄jhj)n

�

<latexit sha1_base64="GWwcw8hPKlp2NAmMoD3E4KDlYxE="></latexit>

VSUSY ⇠ M2

 
N
X

m

Im(aDm) sin ⇡m
N +

X

m,n

tmnaDmāDn �
X

m

(h̄ihi)m + . . .

!

<latexit sha1_base64="AkV8r0pe7TyxT323/R+ebQpkY3M=">AAACOHicbVBNS0JBFJ1nX2ZfVss2QxYEhbwXUm0Co01Lw97TUJF546iD8z6YuU+Uh3+gX9M2/0m7dtG2fdCob1HqgYHDOfcy5x43FFyBab4bqZXVtfWN9GZma3tndy+7f+CoIJKU2TQQgay6RDHBfWYDB8GqoWTEcwWruL37iV/pM6l44D/BMGQNj3R83uaUgJaa2RPnFjvNuA5sAHHZLj+PRvh8Xmlmc2benAIvEishOZSg1Mz+1FsBjTzmAxVEqZplhtCIiQROBRtl6pFiIaE90mE1TX3iMdWIp9eM8KlWWrgdSP18wFP170ZMPKWGnqsnPQJdNe9NxGVeLYL2TSPmfhgB8+nso3YkMAR4Ug1ucckoiKEmhEqus2LaJZJQ0AVmloa+aPV5qJL8g+SAjO7Lmm9nkTiXeesqX3gs5Ip3SXNpdISO0Rmy0DUqogdUQjai6AW9ojc0NsbGh/FpfM1GU0ayc4j+wfj+Bd22rSY=</latexit>

V = VSUSY + VSUSY



The matrix of effective gauge couplings 

✴ We computed these by analyzing the Seiberg-Witten 
periods near the MM point.

<latexit sha1_base64="5Vc0lptFWxaUUz/q2cGxT3uKdlo="></latexit>

tmn(µ) ⇠ ��mn ln
µ
⇤ + ln⇤mn + . . .

<latexit sha1_base64="bZ3x352mC71Fc0Qx4On8a+N8xPw="></latexit>

⇤mm = 16N sin3 ⇡m
N , ⇤m,n6=m =

sin2 ⇡(m+n)
2N

sin2 ⇡(m�n)
2N

<latexit sha1_base64="jLttrN04vRyIqg7tb8fJmgeRz0w=">AAACKHicbVDLSgMxFM3UVx1f42PnJlgEF1JmpKgboaIL3VWwD+iUkknTNjTzILlTWof+i1v7Ne6kW/9DMG1noW0PBA7n3Ms9OV4kuALbnhiZtfWNza3strmzu7d/YB0eVVQYS8rKNBShrHlEMcEDVgYOgtUiyYjvCVb1eg9Tv9pnUvEweIVhxBo+6QS8zSkBLTWtExfYAJJnf4RdIHHzEd9haFo5O2/PgJeJk5IcSlFqWj9uK6SxzwKggihVd+wIGgmRwKlgI9ONFYsI7ZEOq2saEJ+pRjJLP8LnWmnhdij1CwDP1L8bCfGVGvqenvQJdNWiNxVXefUY2reNhAdRDCyg80PtWGAI8bQK3OKSURBDTQiVXGfFtEskoaALM1eGvmz1eaTS/IP0A6buy1lsZ5lUrvLOdb7wUsgV79PmsugUnaEL5KAbVERPqITKiKI39I4+0NgYG5/GlzGZj2aMdOcY/YPx/QuRD6Zd</latexit>

Im⌧D = t

analysis initiated by [Douglas, Shenker ’95], [D’Hoker, Phong ’97]
  also see [Edelstein, Mas ‘99],[Edelstein, Gomez-Reino, Marino ‘00],[Bonelli, Grassi, Tanzini ’17]

[D’Hoker, Dumitrescu, Gerchkovitz, EN ‘20]

<latexit sha1_base64="Id+XJnQJwuLgGJDzNlZx4VE3UHc="></latexit>

VSUSY ⇠
X

m

|aDm|2(h̄ihi)m +
X

m,n

(t�1)mn


(h̄ihj)m(h̄jhi)n � 1

2
(h̄ihi)m(h̄jhj)n

�

<latexit sha1_base64="GWwcw8hPKlp2NAmMoD3E4KDlYxE="></latexit>

VSUSY ⇠ M2
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m

Im(aDm) sin ⇡m
N +

X

m,n

tmnaDmāDn �
X

m
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!

The detailed structure of the threshold corrections         leads to 
interesting predictions for the dynamics. 

<latexit sha1_base64="s10IqpxHmF7ZUvEzrxLQn8QseuY=">AAACHnicbVDLSgMxFM34rOOr6tJNsAgupMxIUVdScOPCRQX7gM5QMpm0DU0yIckUy9DfcGu/xp241Y8RTNtZaNsDgcO553JPTiQZ1cbzvp219Y3Nre3Cjru7t39wWDw6bugkVZjUccIS1YqQJowKUjfUMNKSiiAeMdKMBvfTeXNIlKaJeDYjSUKOeoJ2KUbGSkHwaK0x6mRcjDvFklf2ZoDLxM9JCeSodYo/QZzglBNhMENat31PmjBDylDMyNgNUk0kwgPUI21LBeJEh9ks8xieWyWG3UTZJwycqX83MsS1HvHIOjkyfb04m4qrZu3UdG/DjAqZGiLw/FA3ZdAkcFoAjKki2LCRJQgrarNC3EcKYWNrcleGvoyHVOo8/0v+Adf25S+2s0waV2X/ulx5qpSqd3lzBXAKzsAF8MENqIIHUAN1gIEEr+ANTJyJ8+58OJ9z65qT75yAf3C+fgHB86N/</latexit>

⇤mn

couple the          .’s
<latexit sha1_base64="UwUxtLuf+a7eAT88oyv7/iamNYE=">AAACGHicbVBdSwJBFL1rX7Z9WT32MiSBQchuSPUUQj30aNCqoIvMzs7q5OwHM7OSiP+h1/w1vUWvvfVjgkbdh1IPDBzOuZc593gJZ1JZ1reRW1vf2NzKb5s7u3v7B4XDo7qMU0GoQ2Iei6aHJeUsoo5iitNmIigOPU4bXv9u6jcGVEgWR09qmFA3xN2IBYxgpaW6U7LPO/edQtEqWzOgZWJnpAgZap3CT9uPSRrSSBGOpWzZVqLcERaKEU7HZjuVNMGkj7u0pWmEQyrd0SztGJ1pxUdBLPSLFJqpfzdGOJRyGHp6MsSqJxe9qbjKa6UquHFHLEpSRSMy/yhIOVIxmp6OfCYoUXyoCSaC6ayI9LDAROmCzJWhL/wBS2SW/yU7wNR92YvtLJP6Zdm+KlceK8XqbdZcHk7gFEpgwzVU4QFq4ACBZ3iFN5gYE+Pd+DA+56M5I9s5hn8wvn4BMXqf7g==</latexit>

U(1)D



<latexit sha1_base64="Id+XJnQJwuLgGJDzNlZx4VE3UHc="></latexit>

VSUSY ⇠
X

m

|aDm|2(h̄ihi)m +
X

m,n

(t�1)mn


(h̄ihj)m(h̄jhi)n � 1

2
(h̄ihi)m(h̄jhj)n

�

<latexit sha1_base64="GWwcw8hPKlp2NAmMoD3E4KDlYxE="></latexit>

VSUSY ⇠ M2

 
N
X

m

Im(aDm) sin ⇡m
N +

X

m,n

tmnaDmāDn �
X

m

(h̄ihi)m + . . .

!

✴D-terms     ferromagnetic spin chain:                       , 

Key features of the scalar potential

<latexit sha1_base64="8JSPuT/gqxpsx1cM7Q5yYEcQIRI="></latexit>

sam = h̄m�ahm

where                     

✴Tadpole from matching onto K

✴Tachyonic monopole masses      h’s want to condense<latexit sha1_base64="Q88o9wS/hjHkBcDWIFYy+3kzqu8=">AAACHXicbVDLSgMxFM3UVx1fVZdugkVwIWVGirqSghuXVewDpkPJZDJtaCYZkky1DP0Mt/Zr3Ilb8WME03YW2vZA4HDOveTcEySMKu0431ZhbX1jc6u4be/s7u0flA6PmkqkEpMGFkzIdoAUYZSThqaakXYiCYoDRlrB4G7qt4ZEKir4kx4lxI9Rj9OIYqSN5HUeaa+vkZTiuVsqOxVnBrhM3JyUQY56t/TTCQVOY8I1Zkgpz3US7WdIaooZGdudVJEE4QHqEc9QjmKi/GwWeQzPjBLCSEjzuIYz9e9GhmKlRnFgJmOk+2rRm4qrPC/V0Y2fUZ6kmnA8/yhKGdQCTu+HIZUEazYyBGFJTVaI+0girE1L9srQF+GQJirP/5IfYJu+3MV2lknzsuJeVaoP1XLtNm+uCE7AKTgHLrgGNXAP6qABMBDgFbyBiTWx3q0P63M+WrDynWPwD9bXLxzRoys=</latexit>)

<latexit sha1_base64="0LTVwpgWx1VDFa6caj4DgE0Z+38="></latexit>

⇠
X

m<n

(t�1)mn(~sm · ~sn) + . . .

✴Positive         masses           <latexit sha1_base64="XYoJVREWy/9YYOKnmqLyQp5rleE=">AAACGHicbVDLSgMxFL1TX3V8VV26GSyCCykzUtSVFHThsoJ9QDuUTCZtY5PMkGSKZeg/uLVf407cuvNjBNN2Ftr2QOBwzr3k3BPEjCrtut9Wbm19Y3Mrv23v7O7tHxQOj+oqSiQmNRyxSDYDpAijgtQ01Yw0Y0kQDxhpBIO7qd8YEqloJJ70KCY+Rz1BuxQjbaQ66qT3fNwpFN2SO4OzTLyMFCFDtVP4aYcRTjgRGjOkVMtzY+2nSGqKGRnb7USRGOEB6pGWoQJxovx0lnbsnBkldLqRNE9oZ6b+3UgRV2rEAzPJke6rRW8qrvJaie7e+CkVcaKJwPOPuglzdORMT3dCKgnWbGQIwpKarA7uI4mwNgXZK0NfhEMaqyz/S3aAbfryFttZJvXLkndVKj+Wi5XbrLk8nMApnIMH11CBB6hCDTA8wyu8wcSaWO/Wh/U5H81Z2c4x/IP19QvGJKDd</latexit>aDm

<latexit sha1_base64="jqwehDNqfFeYKJaAthFopB7tsKw=">AAACK3icbVDLSgMxFM3UV62vURcu3ASLUKGWGSnqQqTgxmUF+4C2lkyatqFJZkwyxTLM17i1X+NKcetnCKbtLLTtgcDhnHvJuccLGFXacT6s1Mrq2vpGejOztb2zu2fvH1SVH0pMKthnvqx7SBFGBaloqhmpB5Ig7jFS8wZ3E782JFJRXzzqUUBaHPUE7VKMtJHa9lFOP0XnbnzWjnheNAV5hjyGN07bzjoFZwq4SNyEZEGCctv+aXZ8HHIiNGZIqYbrBLoVIakpZiTONENFAoQHqEcahgrEiWpF0wNieGqUDuz60jyh4VT9uxEhrtSIe2aSI91X895EXOY1Qt29bkVUBKEmAs8+6oYMah9O2oAdKgnWbGQIwpKarBD3kURYm84yS0PnO0MaqCT/S3JAxvTlzrezSKoXBfeyUHwoZku3SXNpcAxOQA644AqUwD0ogwrAIAav4A2MrbH1bn1aX7PRlJXsHIJ/sL5/Abh9pt8=</latexit>

(t�1)m,n6=m < 0
<latexit sha1_base64="gens6HUP9p2Oti56mR5WGZR7Hp4=">AAACOHicbVDLSgMxFM34rOOr6tJNsAoupMxIUVdScOOyin1AZyiZTNqGJpkhyVTL0B/wa9zaP3HnTty6F0zbQbTtgcDJufdyzz1BzKjSjvNmLS2vrK6t5zbsza3tnd383n5NRYnEpIojFslGgBRhVJCqppqRRiwJ4gEj9aB3M67X+0QqGokHPYiJz1FH0DbFSBuplT/27mmnq5GU0SP0+gSnatji0FOU/35NW8EpOhPAeeJmpAAyVFr5by+McMKJ0JghpZquE2s/RVJTzMjQ9hJFYoR7qEOahgrEifLTyTVDeGKUELYjaZ7QcKL+nUgRV2rAA9PJke6q2dpYXFRrJrp95adUxIkmAk8XtRMGdQTH0cCQSoI1GxiCsKTGK8RdJBHWJkB7oemzsE9jlfl/yg6wTV7ubDrzpHZedC+KpbtSoXydJZcDh+AInAIXXIIyuAUVUAUYPIMX8ApG1sh6tz6sz2nrkpXNHIB/sL5+AGMXrf4=</latexit>

) ~sm ⇠ ~sn

<latexit sha1_base64="xzv2ODrCkH08aO3WBHcHUADR+oM=">AAACI3icbVDLSsNAFJ3UV42PRl26GSyCCymJFBVXBTcuK9gHtKFMJpN26OTBzE21hH6JW/s17sSNCz9FcNpmoW0PDBzOuZd75niJ4Aps+8sobGxube8Ud829/YPDknV03FRxKilr0FjEsu0RxQSPWAM4CNZOJCOhJ1jLG97P/NaIScXj6AnGCXND0o94wCkBLfWsUlewACTvD4BIGT/3rLJdsefAq8TJSRnlqPesn64f0zRkEVBBlOo4dgJuRiRwKtjE7KaKJYQOSZ91NI1IyJSbzYNP8LlWfBzEUr8I8Fz9u5GRUKlx6OnJkMBALXszcZ3XSSG4dTMeJSmwiC4OBanAEONZC9jnklEQY00IlVxnxXRAJKGguzLXhr70RzxRef6X/AOm7stZbmeVNK8qznWl+lgt1+7y5oroFJ2hC+SgG1RDD6iOGoiiFL2iNzQ1psa78WF8LkYLRr5zgv7B+P4FR9KlSw==</latexit>$



III) A cascade of phase transitions

and the       at large M         

<latexit sha1_base64="CfdqO+4sM/4kpfyXK43mBeFW9jo=">AAACH3icbVDLSsNAFJ34rPFVdelmsAgupCQq6koL3bisYB/QxjKZTNqhk0mcmRRL6He4td/iwp247ccITtIstO2BgcM593LPHDdiVCrLmhorq2vrG5uFLXN7Z3dvv3hw2JBhLDCp45CFouUiSRjlpK6oYqQVCYICl5GmO6imfnNIhKQhf1KjiDgB6nHqU4yUlpxOgFTfdZNqbfxsd4slq2xlgIvEzknp/uMyQ61b/Ol4IY4DwhVmSMq2bUXKSZBQFDMyNjuxJBHCA9QjbU05Coh0kiz0GJ5qxYN+KPTjCmbq340EBVKOAldPpiHlvJeKy7x2rPxbJ6E8ihXheHbIjxlUIUwbgB4VBCs20gRhQXVWiPtIIKx0T+bS0OfekEYyz/+af8DUfdnz7SySxkXZvi5fPVqlyh2YoQCOwQk4Aza4ARXwAGqgDjB4AW/gHUyMifFpfBnfs9EVI985Av9gTH8BZqylzg==</latexit>

CP1



At small M: all               . Coulomb phase consistent with 
previous small-M analysis. 


Increasing M:                       activate pair-wise (C-preserving)  
in a series of 1st order phase transitions. 

✴ The transitions approximately track:                                          
✴ A robust feature of every higher phase: 

(              due to D-terms) *consistent with VW  

At large-M: all monopoles condense. 

Result: a cascade of 1st order phase transitions
[D’Hoker, Dumitrescu, Gerchkovitz, EN ’22]

<latexit sha1_base64="//Hxq1NpUUzE4Orp6KXvbL5/3og="></latexit>

M⇤m . MBPS
m ⇠ ⇤ sin ⇡m

N

Coulomb
<latexit sha1_base64="kgazE6ZE22kKHHt/fH0FJu92L8k=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIqHgqePFYwbSFNpTNdtMu3WzC7otQQn+DFw+KePUHefPfuG1z0NaBhWHmDfvehKkUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38389hPXRiTqEScpD2I6VCISjKKV/N4gQdOv1ty6OwdZJV5BalCg2a9+2RzLYq6QSWpM13NTDHKqUTDJp5VeZnhK2ZgOeddSRWNugny+7JScWWVAokTbp5DM1d+JnMbGTOLQTsYUR2bZm4n/ed0Mo5sgFyrNkCu2+CjKJMGEzC4nA6E5QzmxhDIt7K6EjaimDG0/FVuCt3zyKmld1L2ruvtwWWvcFnWU4QRO4Rw8uIYG3EMTfGAg4Ble4c1Rzovz7nwsRktOkTmGP3A+fwDwpo6/</latexit>. . .

<latexit sha1_base64="6jBcshSVv1Etytpd9dUKn2m3PK8=">AAACGHicbVDLSgMxFL1TX3V8VV26CRZBRMqMFHUlBTduhAr2Ae1QMpm0jc1khiRTLEP/wa39Gnfi1p0fI5i2s9DaA4HDOfeSc48fc6a043xZuZXVtfWN/Ka9tb2zu1fYP6irKJGE1kjEI9n0saKcCVrTTHPajCXFoc9pwx/cTv3GkErFIvGoRzH1QtwTrMsI1kaq33fSM3fcKRSdkjMD+k/cjBQhQ7VT+G4HEUlCKjThWKmW68TaS7HUjHA6ttuJojEmA9yjLUMFDqny0lnaMToxSoC6kTRPaDRTf2+kOFRqFPpmMsS6rxa9qbjMayW6e+2lTMSJpoLMP+omHOkITU9HAZOUaD4yBBPJTFZE+lhiok1B9tLQ58GQxSrL/5wdYJu+3MV2/pP6Rcm9LJUfysXKTdZcHo7gGE7BhSuowB1UoQYEnuAFXmFiTaw36936mI/mrGznEP7A+vwBEtqgcw==</latexit>

M⇤1
<latexit sha1_base64="tbNE18BFxDgNyoo8tgsOoi9okII=">AAACGHicbVDLSgMxFL1TX3V8VV26CRZBRMpMKepKCm7cCBXsA9qhZDKZNjbzIMkUy9B/cGu/xp24defHCKbtLLTtgcDhnHvJuceNOZPKsr6N3Nr6xuZWftvc2d3bPygcHjVklAhC6yTikWi5WFLOQlpXTHHaigXFgctp0x3cTf3mkArJovBJjWLqBLgXMp8RrLTUeOimF+Vxt1C0StYMaJnYGSlChlq38NPxIpIENFSEYynbthUrJ8VCMcLp2OwkksaYDHCPtjUNcUClk87SjtGZVjzkR0K/UKGZ+ncjxYGUo8DVkwFWfbnoTcVVXjtR/o2TsjBOFA3J/CM/4UhFaHo68pigRPGRJpgIprMi0scCE6ULMleGvvSGLJZZ/pfsAFP3ZS+2s0wa5ZJ9Vao8VorV26y5PJzAKZyDDddQhXuoQR0IPMMrvMHEmBjvxofxOR/NGdnOMfyD8fULFIqgdA==</latexit>

M⇤2
<latexit sha1_base64="lwrM4yozqji4KHoIG0kAVzaNw0Q=">AAACE3icbVDLSsNAFJ34rPFVdelmsAgupCRS1JUU3LhswT6gDWUyuWmHTiZhZlIsoV/g1n6NO3HrB/gxgtM2C217YOBwzr3MucdPOFPacb6tjc2t7Z3dwp69f3B4dFw8OW2qOJUUGjTmsWz7RAFnAhqaaQ7tRAKJfA4tf/g481sjkIrF4lmPE/Ai0hcsZJRoI9WdXrHklJ058Cpxc1JCOWq94k83iGkagdCUE6U6rpNoLyNSM8phYndTBQmhQ9KHjqGCRKC8bB50gi+NEuAwluYJjefq342MREqNI99MRkQP1LI3E9d5nVSH917GRJJqEHTxUZhyrGM8uxoHTALVfGwIoZKZrJgOiCRUm27staGvgxFLVJ7/JT/ANn25y+2skuZN2b0tV+qVUvUhb66AztEFukIuukNV9IRqqIEoAvSK3tDUmlrv1of1uRjdsPKdM/QP1tcvSMuecg==</latexit>

0

<latexit sha1_base64="9qdkAg/aFznQnAaOeBPiudAnypI=">AAACJ3icbVDLSsNAFJ34rPUV7dLNYBFcSEmkqAsXBTcuK9gHNCFMJpN26GQSZibFEPotbu3XuBNd+iGC0zQLbXtg4HDOvdwzx08YlcqyvoyNza3tnd3KXnX/4PDo2Dw57co4FZh0cMxi0feRJIxy0lFUMdJPBEGRz0jPHz/M/d6ECElj/qyyhLgRGnIaUoyUljyz5jDEh4zAkWdDRxTcM+tWwyoAV4ldkjoo0fbMHyeIcRoRrjBDUg5sK1FujoSimJFp1UklSRAeoyEZaMpRRKSbF+Gn8EIrAQxjoR9XsFD/buQokjKLfD0ZITWSy95cXOcNUhXeuTnlSaoIx4tDYcqgiuG8CRhQQbBimSYIC6qzQjxCAmGl+6quDX0VTGgiy/wv5Qequi97uZ1V0r1u2DeN5lOz3rovm6uAM3AOLoENbkELPII26AAMMvAK3sDMmBnvxofxuRjdMMqdGvgH4/sX29amAQ==</latexit>

hh1i
<latexit sha1_base64="jRbNM1BifGqkmjwqP9Wpc2hYYps=">AAACKnicbVDNS8MwHE3n16xfU8GLl+AQPOhoZagHDwMvnmSC+4C1lDRNt7A0LUk6HHX/jFf313gbXv03BLOtB932IPDy3u9HXp6fMCqVZU2Mwtr6xuZWcdvc2d3bPygdHjVlnApMGjhmsWj7SBJGOWkoqhhpJ4KgyGek5fcfpn5rQISkMX9Rw4S4EepyGlKMlJa80onDEO8yAnte9nRljxwxu3qlslWxZoDLxM5JGeSoe6UfJ4hxGhGuMENSdmwrUW6GhKKYkZHppJIkCPdRl3Q05Sgi0s1m+UfwXCsBDGOhD1dwpv7dyFAk5TDy9WSEVE8uelNxlddJVXjnZpQnqSIczx8KUwZVDKdlwIAKghUbaoKwoDorxD0kEFa6MnNl6MtgQBOZ53/NP2DqvuzFdpZJ87pi31Sqz9Vy7T5vrghOwRm4ADa4BTXwCOqgATB4A+/gA4yNsfFpTIyv+WjByHeOwT8Y37+eU6dy</latexit>

hhN�1i

<latexit sha1_base64="9qdkAg/aFznQnAaOeBPiudAnypI=">AAACJ3icbVDLSsNAFJ34rPUV7dLNYBFcSEmkqAsXBTcuK9gHNCFMJpN26GQSZibFEPotbu3XuBNd+iGC0zQLbXtg4HDOvdwzx08YlcqyvoyNza3tnd3KXnX/4PDo2Dw57co4FZh0cMxi0feRJIxy0lFUMdJPBEGRz0jPHz/M/d6ECElj/qyyhLgRGnIaUoyUljyz5jDEh4zAkWdDRxTcM+tWwyoAV4ldkjoo0fbMHyeIcRoRrjBDUg5sK1FujoSimJFp1UklSRAeoyEZaMpRRKSbF+Gn8EIrAQxjoR9XsFD/buQokjKLfD0ZITWSy95cXOcNUhXeuTnlSaoIx4tDYcqgiuG8CRhQQbBimSYIC6qzQjxCAmGl+6quDX0VTGgiy/wv5Qequi97uZ1V0r1u2DeN5lOz3rovm6uAM3AOLoENbkELPII26AAMMvAK3sDMmBnvxofxuRjdMMqdGvgH4/sX29amAQ==</latexit>

hh1i
<latexit sha1_base64="jRbNM1BifGqkmjwqP9Wpc2hYYps=">AAACKnicbVDNS8MwHE3n16xfU8GLl+AQPOhoZagHDwMvnmSC+4C1lDRNt7A0LUk6HHX/jFf313gbXv03BLOtB932IPDy3u9HXp6fMCqVZU2Mwtr6xuZWcdvc2d3bPygdHjVlnApMGjhmsWj7SBJGOWkoqhhpJ4KgyGek5fcfpn5rQISkMX9Rw4S4EepyGlKMlJa80onDEO8yAnte9nRljxwxu3qlslWxZoDLxM5JGeSoe6UfJ4hxGhGuMENSdmwrUW6GhKKYkZHppJIkCPdRl3Q05Sgi0s1m+UfwXCsBDGOhD1dwpv7dyFAk5TDy9WSEVE8uelNxlddJVXjnZpQnqSIczx8KUwZVDKdlwIAKghUbaoKwoDorxD0kEFa6MnNl6MtgQBOZ53/NP2DqvuzFdpZJ87pi31Sqz9Vy7T5vrghOwRm4ADa4BTXwCOqgATB4A+/gA4yNsfFpTIyv+WjByHeOwT8Y37+eU6dy</latexit>

hhN�1i

<latexit sha1_base64="TuC/raajOKj0aimTq48KGE8qX0M=">AAACOnicbVC7TsMwFHXKq5RXgJHFogIxoJJUFTAwVGJhQkWiD6mpKsd1WquOHdlORRX1D/gaVvojrGyIlRUJN80ApWc6Oude3XOPHzGqtOO8WbmV1bX1jfxmYWt7Z3fP3j9oKBFLTOpYMCFbPlKEUU7qmmpGWpEkKPQZafrD25nfHBGpqOCPehyRToj6nAYUI22krn3qMcT7jMBBN/FYwISQ8P6iDD2Z8oknU7trF52SkwL+J25GiiBDrWt/ez2B45BwjRlSqu06ke4kSGqKGZkUvFiRCOEh6pO2oRyFRHWS9J8JPDFKDwYmSiC4hqn6eyNBoVLj0DeTIdIDtejNxGVeO9bBdSehPIo14Xh+KIgZ1ALOyoE9KgnWbGwIwpKarBAPkERYmwoLS0Of90Y0Uln+p+yBgunLXWznP2mUS+5lqfJQKVZvsuby4AgcgzPggitQBXegBuoAg2fwAl7B1Jpa79aH9TkfzVnZziH4A+vrB+/7ri8=</latexit>

hhbN/2ci
<latexit sha1_base64="iwfGMRV2v74nbnWrBPLYywsQ6Zg=">AAACOHicbVC7SgNBFJ2Nrxhfq5Y2g1GwkLgbglpYBGysJIJ5QDaE2clNMmR2dpmZDYYlP+DX2Jo/sbMTW3vBSbKFxhwYOJxzL3Pu8SPOlHacNyuzsrq2vpHdzG1t7+zu2fsHNRXGkkKVhjyUDZ8o4ExAVTPNoRFJIIHPoe4Pbqd+fQhSsVA86lEErYD0BOsySrSR2vaJx4noccD9duJxCozj+4si9uSUjj05M9t23ik4M+D/xE1JHqWotO1vrxPSOAChKSdKNV0n0q2ESM0oh3HOixVEhA5ID5qGChKAaiWza8b41Cgd3A2leULjmfp7IyGBUqPAN5MB0X216E3FZV4z1t3rVsJEFGsQdP5RN+ZYh3haDe4wCVTzkSGESmayYtonklBtCswtDX3eGbJIpfmf0gNypi93sZ3/pFYsuJeF0kMpX75Jm8uiI3SMzpCLrlAZ3aEKqiKKntELekUTa2K9Wx/W53w0Y6U7h+gPrK8fxautEQ==</latexit>

hhdN/2ei
<latexit sha1_base64="kgazE6ZE22kKHHt/fH0FJu92L8k=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIqHgqePFYwbSFNpTNdtMu3WzC7otQQn+DFw+KePUHefPfuG1z0NaBhWHmDfvehKkUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38389hPXRiTqEScpD2I6VCISjKKV/N4gQdOv1ty6OwdZJV5BalCg2a9+2RzLYq6QSWpM13NTDHKqUTDJp5VeZnhK2ZgOeddSRWNugny+7JScWWVAokTbp5DM1d+JnMbGTOLQTsYUR2bZm4n/ed0Mo5sgFyrNkCu2+CjKJMGEzC4nA6E5QzmxhDIt7K6EjaimDG0/FVuCt3zyKmld1L2ruvtwWWvcFnWU4QRO4Rw8uIYG3EMTfGAg4Ble4c1Rzovz7nwsRktOkTmGP3A+fwDwpo6/</latexit>. . .

<latexit sha1_base64="wuLTcU8qxNEiNTSjwbAUyF6s2NI=">AAACKXicbVDLSsNAFJ3UV42vqLhyM1gEF1ISKepGKbhxWcE+oAlhMpm2QyeTMDMpltCPcWu/xp269TsEp2kW2vbAwOGce7lnTpAwKpVtfxqltfWNza3ytrmzu7d/YB0etWScCkyaOGax6ARIEkY5aSqqGOkkgqAoYKQdDB9mfntEhKQxf1bjhHgR6nPaoxgpLfnWicsQ7zMCB34EXZHzO9u3KnbVzgGXiVOQCijQ8K0fN4xxGhGuMENSdh07UV6GhKKYkYnpppIkCA9Rn3Q15Sgi0svy+BN4rpUQ9mKhH1cwV/9uZCiSchwFejJCaiAXvZm4yuumqnfrZZQnqSIczw/1UgZVDGddwJAKghUba4KwoDorxAMkEFa6MXNl6MtwRBNZ5H8pPmDqvpzFdpZJ66rqXFdrT7VK/b5orgxOwRm4AA64AXXwCBqgCTDIwCt4A1NjarwbH8bXfLRkFDvH4B+M719UCKbA</latexit>

hhmi = 0

<latexit sha1_base64="E6OwAlAfcFqIvmW5fkK45PiOeqg=">AAACQXicbVDLSgMxFM3UV62vqks3wSK4aMuMFHUlBTeupIJ9QFtKJpNpQ5PMkGSKZehX+DVu7Vf4Ce7ErQim01nUtgcCJ+feyz33uCGjStv2h5XZ2Nza3snu5vb2Dw6P8scnDRVEEpM6DlggWy5ShFFB6ppqRlqhJIi7jDTd4f2s3hwRqWggnvU4JF2O+oL6FCNtpF6+1GFI9BmBg17MJ7Ajk18RLsiPJT5J9V6+YJftBHCVOCkpgBS1Xv634wU44kRozJBSbccOdTdGUlPMyCTXiRQJER6iPmkbKhAnqhsnZ03ghVE86AfSPKFhoi5OxIgrNeau6eRID9RybSauq7Uj7d92YyrCSBOB54v8iEEdwFlG0KOSYM3GhiAsqfEK8QBJhLVJMrfWdNEb0VCl/l/SA3ImL2c5nVXSuCo71+XKU6VQvUuTy4IzcA4ugQNuQBU8gBqoAwxewRt4B1Nran1aX9b3vDVjpTOn4B+snz+O8LDy</latexit>

hhmi, hhN�mi

<latexit sha1_base64="wBjHaZPPjEdkg3BxxyCWF4Nj6Zg=">AAACI3icbVDLSsNAFJ3UV42PRl26CRahBSlJKepKCm5c1kdsoQ1hMpm0QyeTMDMpltAvcWu/xp24ceGnCE7bLLTtgYHDOfcy5x4/oURIy/rSChubW9s7xV19b//gsGQcHT+LOOUIOyimMe/4UGBKGHYkkRR3Eo5h5FPc9oe3M789wlyQmD3JcYLdCPYZCQmCUkmeUXp0KvWq99CTselU7KpnlK2aNYe5SuyclEGOlmf89IIYpRFmElEoRNe2EulmkEuCKJ7ovVTgBKIh7OOuogxGWLjZPPjEPFdKYIYxV49Jc67+3chgJMQ48tVkBOVALHszcZ3XTWV47WaEJanEDC0+ClNqqitnLZgB4RhJOlYEIk5UVhMNIIdIqq70taEvghFJRJ7/JT9AV33Zy+2skud6zb6sNe4b5eZN3lwRnIIzUAE2uAJNcAdawAEIpOAVvIGpNtXetQ/tczFa0PKdE/AP2vcvdQujEQ==</latexit>

SU(2)R ! U(1)
<latexit sha1_base64="4CajSXZcV5YqOywW9fMc/vfoMWk=">AAACJHicbVDLSgMxFM3UVx1foy7dBIvgQsqMFHUlBTcuK9gHtNMhk2Y6oUlmSDLFUvonbu3XuBMXbvwTwbSdhbY9EDiccy/35IQpo0q77pdV2Njc2t4p7tp7+weHR87xSUMlmcSkjhOWyFaIFGFUkLqmmpFWKgniISPNcPAw85tDIhVNxLMepcTnqC9oRDHSRgocJw54l8KOohzGgejSwCm5ZXcOuEq8nJRAjlrg/HR6Cc44ERozpFTbc1Ptj5HUFDMysTuZIinCA9QnbUMF4kT543nyCbwwSg9GiTRPaDhX/26MEVdqxEMzyZGO1bI3E9d57UxHd/6YijTTRODFoShjUCdwVgPsUUmwZiNDEJbUZIU4RhJhbcqy14a+6g1pqvL8L/kHbNOXt9zOKmlcl72bcuWpUqre580VwRk4B5fAA7egCh5BDdQBBkPwCt7A1Jpa79aH9bkYLVj5zin4B+v7F6ulpOU=</latexit>

hi
m ⇠ hi

n

*

<latexit sha1_base64="is8dD0Eg3p0M59LDnWUwiNWPnmM=">AAACHXicbVDLSgMxFM34rOOr6tJNsAgupMxIUVdScONGqGAfMDOUTCbThmaSIckUh9LPcGu/xp24FT9GMG1noW0PBA7n3kvOOWHKqNKO822trW9sbm2Xduzdvf2Dw/LRcUuJTGLSxIIJ2QmRIoxy0tRUM9JJJUFJyEg7HNxP5+0hkYoK/qzzlAQJ6nEaU4y0kbxHXwvoUx7rvFuuOFVnBrhM3IJUQIFGt/zjRwJnCeEaM6SU5zqpDkZIaooZGdt+pkiK8AD1iGcoRwlRwWhmeQzPjRLBWEjzuIYz9e/FCCVK5UloNhOk+2pxNhVXzbxMx7fBiPI004Tj+UdxxqDJOc0PIyoJ1iw3BGFJjVeI+0girE1L9krTl9GQpqrw/1IEsE1f7mI7y6R1VXWvq7WnWqV+VzRXAqfgDFwAF9yAOngADdAEGAjwCt7AxJpY79aH9TlfXbOKmxPwD9bXL48yotg=</latexit>

M ! 1
confining



• All fluctuations get a mass except the 2 NGB from the 
chiral symmetry breaking (due to             )              <latexit sha1_base64="bRGr9Nk0Y/OxAAurzyLLhE+XI6M=">AAACH3icbVDLagIxFM30ae3LtstuQqXQhchMkbarInTTpYX6AB0kE68aTDJjkpHK4Hd0W7+mu9KtH1No1Fm06oHA4Zx7uScniDjTxnVnztb2zu7efuYge3h0fHKaOzuv6TBWFKo05KFqBEQDZxKqhhkOjUgBEQGHejB4mvv1ESjNQvlqxhH4gvQk6zJKjJV8005EQbYkDLGYtHN5t+gugNeJl5I8SlFp535anZDGAqShnGjd9NzI+AlRhlEOk2wr1hAROiA9aFoqiQDtJ4vQE3xtlQ7uhso+afBC/buREKH1WAR2UhDT16veXNzkNWPTffATJqPYgKTLQ92YYxPieQO4wxRQw8eWEKqYzYppnyhCje0puzF0oTNikU7zv6UfyNq+vNV21knttujdFUsvpXz5MW0ugy7RFbpBHrpHZfSMKqiKKBqid/SBps7U+XS+nO/l6JaT7lygf3Bmvz2Go7k=</latexit>

tm,n6=m

<latexit sha1_base64="GRxjNf+1o6QcHBfX7Uhe1VC/qTU=">AAACGXicbVDLSgMxFL3js46vqks3wSJUkDJTirqSghuX9TFtoR1KJs20oZkHSaZYhn6EW/s17sStKz9GMG1noW0PBA7n3EvOPV7MmVSW9W2srW9sbm3ndszdvf2Dw/zRcV1GiSDUIRGPRNPDknIWUkcxxWkzFhQHHqcNb3A39RtDKiSLwmc1iqkb4F7IfEaw0lLjySmWLzqPnXzBKlkzoGViZ6QAGWqd/E+7G5EkoKEiHEvZsq1YuSkWihFOx2Y7kTTGZIB7tKVpiAMq3XQWd4zOtdJFfiT0CxWaqX83UhxIOQo8PRlg1ZeL3lRc5bUS5d+4KQvjRNGQzD/yE45UhKa3oy4TlCg+0gQTwXRWRPpYYKJ0Q+bK0JfdIYtllv8lO8DUfdmL7SyTerlkX5UqD5VC9TZrLgencAZFsOEaqnAPNXCAwABe4Q0mxsR4Nz6Mz/nompHtnMA/GF+//YagWg==</latexit>

SU(2)R

The large-M phase

Coulomb
<latexit sha1_base64="kgazE6ZE22kKHHt/fH0FJu92L8k=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIqHgqePFYwbSFNpTNdtMu3WzC7otQQn+DFw+KePUHefPfuG1z0NaBhWHmDfvehKkUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38389hPXRiTqEScpD2I6VCISjKKV/N4gQdOv1ty6OwdZJV5BalCg2a9+2RzLYq6QSWpM13NTDHKqUTDJp5VeZnhK2ZgOeddSRWNugny+7JScWWVAokTbp5DM1d+JnMbGTOLQTsYUR2bZm4n/ed0Mo5sgFyrNkCu2+CjKJMGEzC4nA6E5QzmxhDIt7K6EjaimDG0/FVuCt3zyKmld1L2ruvtwWWvcFnWU4QRO4Rw8uIYG3EMTfGAg4Ble4c1Rzovz7nwsRktOkTmGP3A+fwDwpo6/</latexit>. . .

<latexit sha1_base64="6jBcshSVv1Etytpd9dUKn2m3PK8=">AAACGHicbVDLSgMxFL1TX3V8VV26CRZBRMqMFHUlBTduhAr2Ae1QMpm0jc1khiRTLEP/wa39Gnfi1p0fI5i2s9DaA4HDOfeSc48fc6a043xZuZXVtfWN/Ka9tb2zu1fYP6irKJGE1kjEI9n0saKcCVrTTHPajCXFoc9pwx/cTv3GkErFIvGoRzH1QtwTrMsI1kaq33fSM3fcKRSdkjMD+k/cjBQhQ7VT+G4HEUlCKjThWKmW68TaS7HUjHA6ttuJojEmA9yjLUMFDqny0lnaMToxSoC6kTRPaDRTf2+kOFRqFPpmMsS6rxa9qbjMayW6e+2lTMSJpoLMP+omHOkITU9HAZOUaD4yBBPJTFZE+lhiok1B9tLQ58GQxSrL/5wdYJu+3MV2/pP6Rcm9LJUfysXKTdZcHo7gGE7BhSuowB1UoQYEnuAFXmFiTaw36936mI/mrGznEP7A+vwBEtqgcw==</latexit>

M⇤1
<latexit sha1_base64="tbNE18BFxDgNyoo8tgsOoi9okII=">AAACGHicbVDLSgMxFL1TX3V8VV26CRZBRMpMKepKCm7cCBXsA9qhZDKZNjbzIMkUy9B/cGu/xp24defHCKbtLLTtgcDhnHvJuceNOZPKsr6N3Nr6xuZWftvc2d3bPygcHjVklAhC6yTikWi5WFLOQlpXTHHaigXFgctp0x3cTf3mkArJovBJjWLqBLgXMp8RrLTUeOimF+Vxt1C0StYMaJnYGSlChlq38NPxIpIENFSEYynbthUrJ8VCMcLp2OwkksaYDHCPtjUNcUClk87SjtGZVjzkR0K/UKGZ+ncjxYGUo8DVkwFWfbnoTcVVXjtR/o2TsjBOFA3J/CM/4UhFaHo68pigRPGRJpgIprMi0scCE6ULMleGvvSGLJZZ/pfsAFP3ZS+2s0wa5ZJ9Vao8VorV26y5PJzAKZyDDddQhXuoQR0IPMMrvMHEmBjvxofxOR/NGdnOMfyD8fULFIqgdA==</latexit>

M⇤2
<latexit sha1_base64="lwrM4yozqji4KHoIG0kAVzaNw0Q=">AAACE3icbVDLSsNAFJ34rPFVdelmsAgupCRS1JUU3LhswT6gDWUyuWmHTiZhZlIsoV/g1n6NO3HrB/gxgtM2C217YOBwzr3MucdPOFPacb6tjc2t7Z3dwp69f3B4dFw8OW2qOJUUGjTmsWz7RAFnAhqaaQ7tRAKJfA4tf/g481sjkIrF4lmPE/Ai0hcsZJRoI9WdXrHklJ058Cpxc1JCOWq94k83iGkagdCUE6U6rpNoLyNSM8phYndTBQmhQ9KHjqGCRKC8bB50gi+NEuAwluYJjefq342MREqNI99MRkQP1LI3E9d5nVSH917GRJJqEHTxUZhyrGM8uxoHTALVfGwIoZKZrJgOiCRUm27staGvgxFLVJ7/JT/ANn25y+2skuZN2b0tV+qVUvUhb66AztEFukIuukNV9IRqqIEoAvSK3tDUmlrv1of1uRjdsPKdM/QP1tcvSMuecg==</latexit>

0

<latexit sha1_base64="9qdkAg/aFznQnAaOeBPiudAnypI=">AAACJ3icbVDLSsNAFJ34rPUV7dLNYBFcSEmkqAsXBTcuK9gHNCFMJpN26GQSZibFEPotbu3XuBNd+iGC0zQLbXtg4HDOvdwzx08YlcqyvoyNza3tnd3KXnX/4PDo2Dw57co4FZh0cMxi0feRJIxy0lFUMdJPBEGRz0jPHz/M/d6ECElj/qyyhLgRGnIaUoyUljyz5jDEh4zAkWdDRxTcM+tWwyoAV4ldkjoo0fbMHyeIcRoRrjBDUg5sK1FujoSimJFp1UklSRAeoyEZaMpRRKSbF+Gn8EIrAQxjoR9XsFD/buQokjKLfD0ZITWSy95cXOcNUhXeuTnlSaoIx4tDYcqgiuG8CRhQQbBimSYIC6qzQjxCAmGl+6quDX0VTGgiy/wv5Qequi97uZ1V0r1u2DeN5lOz3rovm6uAM3AOLoENbkELPII26AAMMvAK3sDMmBnvxofxuRjdMMqdGvgH4/sX29amAQ==</latexit>

hh1i
<latexit sha1_base64="jRbNM1BifGqkmjwqP9Wpc2hYYps=">AAACKnicbVDNS8MwHE3n16xfU8GLl+AQPOhoZagHDwMvnmSC+4C1lDRNt7A0LUk6HHX/jFf313gbXv03BLOtB932IPDy3u9HXp6fMCqVZU2Mwtr6xuZWcdvc2d3bPygdHjVlnApMGjhmsWj7SBJGOWkoqhhpJ4KgyGek5fcfpn5rQISkMX9Rw4S4EepyGlKMlJa80onDEO8yAnte9nRljxwxu3qlslWxZoDLxM5JGeSoe6UfJ4hxGhGuMENSdmwrUW6GhKKYkZHppJIkCPdRl3Q05Sgi0s1m+UfwXCsBDGOhD1dwpv7dyFAk5TDy9WSEVE8uelNxlddJVXjnZpQnqSIczx8KUwZVDKdlwIAKghUbaoKwoDorxD0kEFa6MnNl6MtgQBOZ53/NP2DqvuzFdpZJ87pi31Sqz9Vy7T5vrghOwRm4ADa4BTXwCOqgATB4A+/gA4yNsfFpTIyv+WjByHeOwT8Y37+eU6dy</latexit>

hhN�1i

<latexit sha1_base64="9qdkAg/aFznQnAaOeBPiudAnypI=">AAACJ3icbVDLSsNAFJ34rPUV7dLNYBFcSEmkqAsXBTcuK9gHNCFMJpN26GQSZibFEPotbu3XuBNd+iGC0zQLbXtg4HDOvdwzx08YlcqyvoyNza3tnd3KXnX/4PDo2Dw57co4FZh0cMxi0feRJIxy0lFUMdJPBEGRz0jPHz/M/d6ECElj/qyyhLgRGnIaUoyUljyz5jDEh4zAkWdDRxTcM+tWwyoAV4ldkjoo0fbMHyeIcRoRrjBDUg5sK1FujoSimJFp1UklSRAeoyEZaMpRRKSbF+Gn8EIrAQxjoR9XsFD/buQokjKLfD0ZITWSy95cXOcNUhXeuTnlSaoIx4tDYcqgiuG8CRhQQbBimSYIC6qzQjxCAmGl+6quDX0VTGgiy/wv5Qequi97uZ1V0r1u2DeN5lOz3rovm6uAM3AOLoENbkELPII26AAMMvAK3sDMmBnvxofxuRjdMMqdGvgH4/sX29amAQ==</latexit>

hh1i
<latexit sha1_base64="jRbNM1BifGqkmjwqP9Wpc2hYYps=">AAACKnicbVDNS8MwHE3n16xfU8GLl+AQPOhoZagHDwMvnmSC+4C1lDRNt7A0LUk6HHX/jFf313gbXv03BLOtB932IPDy3u9HXp6fMCqVZU2Mwtr6xuZWcdvc2d3bPygdHjVlnApMGjhmsWj7SBJGOWkoqhhpJ4KgyGek5fcfpn5rQISkMX9Rw4S4EepyGlKMlJa80onDEO8yAnte9nRljxwxu3qlslWxZoDLxM5JGeSoe6UfJ4hxGhGuMENSdmwrUW6GhKKYkZHppJIkCPdRl3Q05Sgi0s1m+UfwXCsBDGOhD1dwpv7dyFAk5TDy9WSEVE8uelNxlddJVXjnZpQnqSIczx8KUwZVDKdlwIAKghUbaoKwoDorxD0kEFa6MnNl6MtgQBOZ53/NP2DqvuzFdpZJ87pi31Sqz9Vy7T5vrghOwRm4ADa4BTXwCOqgATB4A+/gA4yNsfFpTIyv+WjByHeOwT8Y37+eU6dy</latexit>

hhN�1i

<latexit sha1_base64="TuC/raajOKj0aimTq48KGE8qX0M=">AAACOnicbVC7TsMwFHXKq5RXgJHFogIxoJJUFTAwVGJhQkWiD6mpKsd1WquOHdlORRX1D/gaVvojrGyIlRUJN80ApWc6Oude3XOPHzGqtOO8WbmV1bX1jfxmYWt7Z3fP3j9oKBFLTOpYMCFbPlKEUU7qmmpGWpEkKPQZafrD25nfHBGpqOCPehyRToj6nAYUI22krn3qMcT7jMBBN/FYwISQ8P6iDD2Z8oknU7trF52SkwL+J25GiiBDrWt/ez2B45BwjRlSqu06ke4kSGqKGZkUvFiRCOEh6pO2oRyFRHWS9J8JPDFKDwYmSiC4hqn6eyNBoVLj0DeTIdIDtejNxGVeO9bBdSehPIo14Xh+KIgZ1ALOyoE9KgnWbGwIwpKarBAPkERYmwoLS0Of90Y0Uln+p+yBgunLXWznP2mUS+5lqfJQKVZvsuby4AgcgzPggitQBXegBuoAg2fwAl7B1Jpa79aH9TkfzVnZziH4A+vrB+/7ri8=</latexit>

hhbN/2ci
<latexit sha1_base64="iwfGMRV2v74nbnWrBPLYywsQ6Zg=">AAACOHicbVC7SgNBFJ2Nrxhfq5Y2g1GwkLgbglpYBGysJIJ5QDaE2clNMmR2dpmZDYYlP+DX2Jo/sbMTW3vBSbKFxhwYOJxzL3Pu8SPOlHacNyuzsrq2vpHdzG1t7+zu2fsHNRXGkkKVhjyUDZ8o4ExAVTPNoRFJIIHPoe4Pbqd+fQhSsVA86lEErYD0BOsySrSR2vaJx4noccD9duJxCozj+4si9uSUjj05M9t23ik4M+D/xE1JHqWotO1vrxPSOAChKSdKNV0n0q2ESM0oh3HOixVEhA5ID5qGChKAaiWza8b41Cgd3A2leULjmfp7IyGBUqPAN5MB0X216E3FZV4z1t3rVsJEFGsQdP5RN+ZYh3haDe4wCVTzkSGESmayYtonklBtCswtDX3eGbJIpfmf0gNypi93sZ3/pFYsuJeF0kMpX75Jm8uiI3SMzpCLrlAZ3aEKqiKKntELekUTa2K9Wx/W53w0Y6U7h+gPrK8fxautEQ==</latexit>

hhdN/2ei
<latexit sha1_base64="kgazE6ZE22kKHHt/fH0FJu92L8k=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIqHgqePFYwbSFNpTNdtMu3WzC7otQQn+DFw+KePUHefPfuG1z0NaBhWHmDfvehKkUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38389hPXRiTqEScpD2I6VCISjKKV/N4gQdOv1ty6OwdZJV5BalCg2a9+2RzLYq6QSWpM13NTDHKqUTDJp5VeZnhK2ZgOeddSRWNugny+7JScWWVAokTbp5DM1d+JnMbGTOLQTsYUR2bZm4n/ed0Mo5sgFyrNkCu2+CjKJMGEzC4nA6E5QzmxhDIt7K6EjaimDG0/FVuCt3zyKmld1L2ruvtwWWvcFnWU4QRO4Rw8uIYG3EMTfGAg4Ble4c1Rzovz7nwsRktOkTmGP3A+fwDwpo6/</latexit>. . .

<latexit sha1_base64="is8dD0Eg3p0M59LDnWUwiNWPnmM=">AAACHXicbVDLSgMxFM34rOOr6tJNsAgupMxIUVdScONGqGAfMDOUTCbThmaSIckUh9LPcGu/xp24FT9GMG1noW0PBA7n3kvOOWHKqNKO822trW9sbm2Xduzdvf2Dw/LRcUuJTGLSxIIJ2QmRIoxy0tRUM9JJJUFJyEg7HNxP5+0hkYoK/qzzlAQJ6nEaU4y0kbxHXwvoUx7rvFuuOFVnBrhM3IJUQIFGt/zjRwJnCeEaM6SU5zqpDkZIaooZGdt+pkiK8AD1iGcoRwlRwWhmeQzPjRLBWEjzuIYz9e/FCCVK5UloNhOk+2pxNhVXzbxMx7fBiPI004Tj+UdxxqDJOc0PIyoJ1iw3BGFJjVeI+0girE1L9krTl9GQpqrw/1IEsE1f7mI7y6R1VXWvq7WnWqV+VzRXAqfgDFwAF9yAOngADdAEGAjwCt7AxJpY79aH9TlfXbOKmxPwD9bXL48yotg=</latexit>

M ! 1
confining

All monopoles condense             unbroken 
<latexit sha1_base64="FSiCyRhEtvOy2KbdlBkiZAJ8wmk=">AAAB+3icbVDNSsNAGNz4W+tfrEcvq0Wol5KIqCcpePEkFUxbbGPYbLft0s0m7G7EEvICPoQXBUW8+iIeBK8+gM/gpu1BWwcWhpnv45sdP2JUKsv6NGZm5+YXFnNL+eWV1bV1c6NQk2EsMHFwyELR8JEkjHLiKKoYaUSCoMBnpO73TzO/fkOEpCG/VIOIuAHqctqhGCkteWahFSDV8/3kKvXOr5OSvZd6ZtEqW0PAaWKPSbGy/f3hfN09Vj3zvdUOcRwQrjBDUjZtK1JugoSimJE034oliRDuoy5paspRQKSbDLOncFcrbdgJhX5cwaH6eyNBgZSDwNeTWVI56WXif14zVp1jN6E8ihXheHSoEzOoQpgVAdtUEKzYQBOEBdVZIe4hgbDSdeV1Cfbkl6dJbb9sH5YPLnQbJ2CEHNgCO6AEbHAEKuAMVIEDMLgF9+AJPBup8WC8GK+j0RljvLMJ/sB4+wF/+JiL</latexit>

Z(1)
N

<latexit sha1_base64="Q88o9wS/hjHkBcDWIFYy+3kzqu8=">AAACHXicbVDLSgMxFM3UVx1fVZdugkVwIWVGirqSghuXVewDpkPJZDJtaCYZkky1DP0Mt/Zr3Ilb8WME03YW2vZA4HDOveTcEySMKu0431ZhbX1jc6u4be/s7u0flA6PmkqkEpMGFkzIdoAUYZSThqaakXYiCYoDRlrB4G7qt4ZEKir4kx4lxI9Rj9OIYqSN5HUeaa+vkZTiuVsqOxVnBrhM3JyUQY56t/TTCQVOY8I1Zkgpz3US7WdIaooZGdudVJEE4QHqEc9QjmKi/GwWeQzPjBLCSEjzuIYz9e9GhmKlRnFgJmOk+2rRm4qrPC/V0Y2fUZ6kmnA8/yhKGdQCTu+HIZUEazYyBGFJTVaI+0girE1L9srQF+GQJirP/5IfYJu+3MV2lknzsuJeVaoP1XLtNm+uCE7AKTgHLrgGNXAP6qABMBDgFbyBiTWx3q0P63M+WrDynWPwD9bXLxzRoys=</latexit>) → confinement

<latexit sha1_base64="cXECVxhwo968UuRcQPU0Yr0r2uw="></latexit>

hhmi 6= 0 $ U(1)Dm•                                    higgsed.

<latexit sha1_base64="XjZJTLlQGSydIJYRbGcIfU97LnM=">AAACH3icbVDLSsNAFL3xWeOr6tJNsAgupCRS1JUUunFZwT6gjWUymbRDJ5M4MymW0O9wa7/GnbjtxwhO2iy07YGBwzn3cs8cL2ZUKtueGRubW9s7u4U9c//g8Oi4eHLalFEiMGngiEWi7SFJGOWkoahipB0LgkKPkZY3rGV+a0SEpBF/VuOYuCHqcxpQjJSW3G6I1MDz0lp98uL0iiW7bM9hrRInJyXIUe8Vf7p+hJOQcIUZkrLj2LFyUyQUxYxMzG4iSYzwEPVJR1OOQiLddB56Yl1qxbeCSOjHlTVX/26kKJRyHHp6Mgspl71MXOd1EhXcuynlcaIIx4tDQcIsFVlZA5ZPBcGKjTVBWFCd1cIDJBBWuidzbehrf0Rjmed/yz9g6r6c5XZWSfOm7NyWK0+VUvUhb64A53ABV+DAHVThEerQAAyv8A4fMDWmxqfxZXwvRjeMfOcM/sGY/QIQd6Oe</latexit>

CP1→ a 

<latexit sha1_base64="okoeLjoba4kHyBlY77GR34zth3E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIqAsXBTeupIJ9YGcomTTThmaSIckIZehvuHGhiFt/xp1/Y6adhbYeCBzOuZd7csKEM21c99sprayurW+UNytb2zu7e9X9g7aWqSK0RSSXqhtiTTkTtGWY4bSbKIrjkNNOOL7J/c4TVZpJ8WAmCQ1iPBQsYgQbK/l+jM0oDLPHaf+uX625dXcGtEy8gtSgQLNf/fIHkqQxFYZwrHXPcxMTZFgZRjidVvxU0wSTMR7SnqUCx1QH2SzzFJ1YZYAiqewTBs3U3xsZjrWexKGdzDPqRS8X//N6qYmugoyJJDVUkPmhKOXISJQXgAZMUWL4xBJMFLNZERlhhYmxNVVsCd7il5dJ+6zuXdS9+/Na47qoowxHcAyn4MElNOAWmtACAgk8wyu8Oanz4rw7H/PRklPsHMIfOJ8/IoiRuw==</latexit>ZN
• 1 copy at each MM point 

<latexit sha1_base64="XjZJTLlQGSydIJYRbGcIfU97LnM=">AAACH3icbVDLSsNAFL3xWeOr6tJNsAgupCRS1JUUunFZwT6gjWUymbRDJ5M4MymW0O9wa7/GnbjtxwhO2iy07YGBwzn3cs8cL2ZUKtueGRubW9s7u4U9c//g8Oi4eHLalFEiMGngiEWi7SFJGOWkoahipB0LgkKPkZY3rGV+a0SEpBF/VuOYuCHqcxpQjJSW3G6I1MDz0lp98uL0iiW7bM9hrRInJyXIUe8Vf7p+hJOQcIUZkrLj2LFyUyQUxYxMzG4iSYzwEPVJR1OOQiLddB56Yl1qxbeCSOjHlTVX/26kKJRyHHp6Mgspl71MXOd1EhXcuynlcaIIx4tDQcIsFVlZA5ZPBcGKjTVBWFCd1cIDJBBWuidzbehrf0Rjmed/yz9g6r6c5XZWSfOm7NyWK0+VUvUhb64A53ABV+DAHVThEerQAAyv8A4fMDWmxqfxZXwvRjeMfOcM/sGY/QIQd6Oe</latexit>

CP1→ N       .’s 



property of the large-M phase comes from?

confinement tachyonic h-mass in     

ferromagnetic structure of t  
+ SUSY D-terms 

all fluctuations massive  
except 2 massless NGB off-diagonal structure of t

symmetry relating MM points

CT unbroken tadpole in K + symmetry of MM 
points

C unbroken dynamics

N-scaling of               . structure of t 
+ SUSY relating                   .

N-scaling of vacuum energy  off-diagonal structure of t

<latexit sha1_base64="AAT/ASkcoTAaJ+YQvf6Dz9ds1qU=">AAACHXicbVDLSgMxFM34rOOr6tJNsAgupMxIUVdScOOyQl8wHUomk2lDM8mQZIpl6Ge4tV/jTtyKHyOYaWehbQ8EDufcS849QcKo0o7zbW1sbm3v7Jb27P2Dw6Pj8slpW4lUYtLCggnZDZAijHLS0lQz0k0kQXHASCcYPeZ+Z0ykooI39SQhfowGnEYUI20krxcjPcSIZc1pv1xxqs4ccJW4BamAAo1++acXCpzGhGvMkFKe6yTaz5DUFDMytXupIgnCIzQgnqEcxUT52TzyFF4aJYSRkOZxDefq340MxUpN4sBM5hHVspeL6zwv1dG9n1GepJpwvPgoShnUAub3w5BKgjWbGIKwpCYrxEMkEdamJXtt6OtwTBNV5H8pDrBNX+5yO6ukfVN1b6u151ql/lA0VwLn4AJcARfcgTp4Ag3QAhgI8ArewMyaWe/Wh/W5GN2wip0z8A/W1y8YYqMo</latexit>

T

Summary: the predicted phase of adjoint QCD from  
<latexit sha1_base64="8ponUgLv36LvLtzTueeE8/mlWKI=">AAACH3icbVDLSsNAFL3xWeOr6tJNsAgupCSlqBuh4MaVVLAPaEOZTCbt0MkkzkyKJfQ73NqvcSdu+zGCkzYLbXtg4HDOvdwzx4sZlcq2Z8bG5tb2zm5hz9w/ODw6Lp6cNmWUCEwaOGKRaHtIEkY5aSiqGGnHgqDQY6TlDR8yvzUiQtKIv6hxTNwQ9TkNKEZKS243RGqAEUufJveVXrFkl+05rFXi5KQEOeq94k/Xj3ASEq4wQ1J2HDtWboqEopiRidlNJIkRHqI+6WjKUUikm85DT6xLrfhWEAn9uLLm6t+NFIVSjkNPT2Yh5bKXieu8TqKCOzelPE4U4XhxKEiYpSIra8DyqSBYsbEmCAuqs1p4gATCSvdkrg197Y9oLPP8b/kHTN2Xs9zOKmlWys5NufpcLdVqeXMFOIcLuAIHbqEGj1CHBmB4hXf4gKkxNT6NL+N7Mbph5Dtn8A/G7BcdSaOn</latexit>

N = 2

<latexit sha1_base64="hNvM2zYdMhORt/qB4zlhMYS+/Os=">AAACM3icbVDLSsNAFJ34rPEVdenCYBFcSEkkqCspuHElFewDmxAmk0k7dPJgZlIsIUu/xq39GHEnbv0EwUmbRW17YOBw7r3MOcdLKOHCMD6UldW19Y3Nypa6vbO7t68dHLZ4nDKEmyimMet4kGNKItwURFDcSRiGoUdx2xvcFfP2EDNO4uhJjBLshLAXkYAgKKTkaid2CEXf87Ln3M2sh9wWsT4jWa5WNWrGBPoiMUtSBSUarvZr+zFKQxwJRCHnXdNIhJNBJgiiOFftlOMEogHs4a6kEQwxd7JJkFw/k4qvBzGTLxL6RJ29yGDI+Sj05Gbhkc/PCnHZrJuK4MbJSJSkAkdo+lGQUl2mLVrRfcIwEnQkCUSMSK866kMGkZDdqUtNX/hDkvDS/0sZQJV9mfPtLJLWZc28qlmPVrV+WzZXAcfgFJwDE1yDOrgHDdAECLyCN/AOxspY+VS+lO/p6opS3hyBf1B+/gDDiKui</latexit>

Z4N ! Z4

<latexit sha1_base64="mKUA8ELtEC/+T7Cqru45Bgnj8yI=">AAACOnicbVDLSgMxFM3UV62vUZdugkVxIWVGirqSghtXUsE+oB1KJpNpQ5PMkGSKZegf+DVu7Y+4dSdu3Qqm7YDa9kC4h3PvJeceP2ZUacd5s3Irq2vrG/nNwtb2zu6evX9QV1EiManhiEWy6SNFGBWkpqlmpBlLgrjPSMPv3076jQGRikbiUQ9j4nHUFTSkGGkjdezTNkOiywg0lfsB+q0y0xXl8L5jF52SMwVcJG5GiiBDtWN/t4MIJ5wIjRlSquU6sfZSJDXFjIwK7USRGOE+6pKWoQJxorx0es8InhglgGEkzRMaTtW/GyniSg25byY50j0135uIy3qtRIfXXkpFnGgi8OyjMGFQR3ASDgyoJFizoSEIS2q8QtxDEmFtIiwsNX0eDGisMv9P2QEFk5c7n84iqV+U3MtS+aFcrNxkyeXBETgGZ8AFV6AC7kAV1AAGz+AFvIKxNbberQ/rczaas7KdQ/AP1tcP6aKtlg==</latexit>

h��i ⇠ N

<latexit sha1_base64="nG0MOKfyBIZ3LEYdRNHXMIqpFGs=">AAACHXicbVDLSgMxFM3UVx1fVZdugkVwoWWmFHUlBTeupIJ9wHQsmUymDU0mQ5IpltLPcGu/xp24FT9GMG1noW0PBA7n3EvOPUHCqNKO823l1tY3Nrfy2/bO7t7+QeHwqKFEKjGpY8GEbAVIEUZjUtdUM9JKJEE8YKQZ9O+mfnNApKIiftLDhPgcdWMaUYy0kbxGW1EOL+HDc7lTKDolZwa4TNyMFEGGWqfw0w4FTjmJNWZIKc91Eu2PkNQUMzK226kiCcJ91CWeoTHiRPmjWeQxPDNKCCMhzYs1nKl/N0aIKzXkgZnkSPfUojcVV3leqqMbf0TjJNUkxvOPopRBLeD0fhhSSbBmQ0MQltRkhbiHJMLatGSvDH0RDmiisvwv2QG26ctdbGeZNMol96pUeawUq7dZc3lwAk7BOXDBNaiCe1ADdYCBAK/gDUysifVufVif89Gcle0cg3+wvn4BAHmh7A==</latexit>

V ⇠ �N2

<latexit sha1_base64="+HymOOg+3emxgex8oI5GTooS9Yc=">AAACTHicbVBNSwMxEM1WrXX9WvXoJVgED1J2pWhPUvDisYL9gHYp2WzahibZJckWy9K/4q/xau/+D29SMG1X1LYTwjzem2FmXhAzqrTrfli5re2d/G5hz94/ODw6dk5OGypKJCZ1HLFItgKkCKOC1DXVjLRiSRAPGGkGw4e53hwRqWgknvU4Jj5HfUF7FCNtqK5T6TAk+oxAk3kQot8sM15RDn+KBuZlQtcpuiV3EXAdeBkogixqXWfWCSOccCI0ZkiptufG2k+R1BQzMrE7iSIxwkPUJ20DBeJE+eniwgm8NEwIe5E0X2i4YP92pIgrNeaBqeRID9SqNic3ae1E9yp+SkWcaCLwclAvYVBHcG4XDKkkWLOxAQhLanaFeIAkwtqYam9c+joc0Vhl+79kB9jGL2/VnXXQuCl5t6XyU7lYvc+cK4BzcAGugAfuQBU8ghqoAwxewRt4B1Nran1aX9ZsWZqzsp4z8C9y+W+20bPR</latexit>

h��i ⇠ hhhi

* consistent with VW for adjoint QCD
♜ true in all phases in the cascade (except first)

*♜

<latexit sha1_base64="9C39Ox1vAzWFdKhazXVFCzYUHr8=">AAACJXicbVDLSsNAFJ34rPGV6tJNsAgtSElK8bEQCm5cSUXTFtoQJpNJO3QyCTOTain9FLf2a9yJ4MovEZy2WWjbAwOHc+5lzj1+QomQlvWlra1vbG5t53b03b39g0Mjf9QQccoRdlBMY97yocCUMOxIIiluJRzDyKe46fdvp35zgLkgMXuSwwS7EewyEhIEpZI8I//oFO+98KZS6sjYdIp2yTMKVtmawVwmdkYKIEPdM346QYzSCDOJKBSibVuJdEeQS4IoHuudVOAEoj7s4raiDEZYuKNZ9LF5ppTADGOuHpPmTP27MYKREMPIV5MRlD2x6E3FVV47leGVOyIsSSVmaP5RmFJTXTntwQwIx0jSoSIQcaKymqgHOURStaWvDH0eDEgisvwv2QG66stebGeZNCpl+6JcfagWatdZczlwAk5BEdjgEtTAHagDByDwDF7BG5hoE+1d+9A+56NrWrZzDP5B+/4F1BGjvw==</latexit>

SU(Nf = 2) ! U(1)*♜

<latexit sha1_base64="H3y5L9GQjVqq6nq74iniDgs7YEo=">AAACGHicbVDLSsNAFL3xWeOr6tLNYBFcSEmkqMuCG1dSwT6gCWUymbZjJ5MwMymW0H9wa7/Gnbh158cITtsstO2BgcM59zLnniDhTGnH+bbW1jc2t7YLO/bu3v7BYfHouKHiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYHA39ZtDKhWLxZMeJdSPcE+wLiNYG6nhBaznjTvFklN2ZkDLxM1JCXLUOsUfL4xJGlGhCcdKtV0n0X6GpWaE07HtpYommAxwj7YNFTiiys9macfo3Cgh6sbSPKHRTP27keFIqVEUmMkI675a9KbiKq+d6u6tnzGRpJoKMv+om3KkYzQ9HYVMUqL5yBBMJDNZEeljiYk2BdkrQ1+GQ5aoPP9LfoBt+nIX21kmjauye12uPFZK1Ye8uQKcwhlcgAs3UIV7qEEdCDzDK7zBxJpY79aH9TkfXbPynRP4B+vrF8eIoOs=</latexit>

 
match the       phase

<latexit sha1_base64="hYG7zN+Sa/Ix6WQYc6xKYwoFoyQ=">AAACH3icbVDLSsNAFL3xWeOr6tJNsAgupCRSfOwK3bisYB/QxjKZTNqhk0mcmRRL6He4tV/jTtz2YwQnbRba9sDA4Zx7uWeOFzMqlW3PjI3Nre2d3cKeuX9weHRcPDltyigRmDRwxCLR9pAkjHLSUFQx0o4FQaHHSMsb1jK/NSJC0og/q3FM3BD1OQ0oRkpLbjdEauB5aa0+eXF6xZJdtuewVomTkxLkqPeKP10/wklIuMIMSdlx7Fi5KRKKYkYmZjeRJEZ4iPqkoylHIZFuOg89sS614ltBJPTjypqrfzdSFEo5Dj09mYWUy14mrvM6iQru3ZTyOFGE48WhIGGWiqysAcungmDFxpogLKjOauEBEggr3ZO5NvS1P6KxzPO/5R8wdV/OcjurpHlTdm7LladKqfqQN1eAc7iAK3DgDqrwCHVoAIZXeIcPmBpT49P4Mr4XoxtGvnMG/2DMfgEO9qOZ</latexit>

CP1



property of the large-M phase comes from?

confinement tachyonic h-mass in     

ferromagnetic structure of t  
+ SUSY D-terms 

all fluctuations massive  
except 2 massless NGB off-diagonal structure of t

symmetry relating MM points

CT unbroken tadpole in K + symmetry of MM 
points

C unbroken dynamics

N-scaling of               . structure of t 
+ SUSY relating                   .

N-scaling of vacuum energy  off-diagonal structure of t

<latexit sha1_base64="AAT/ASkcoTAaJ+YQvf6Dz9ds1qU=">AAACHXicbVDLSgMxFM34rOOr6tJNsAgupMxIUVdScOOyQl8wHUomk2lDM8mQZIpl6Ge4tV/jTtyKHyOYaWehbQ8EDufcS849QcKo0o7zbW1sbm3v7Jb27P2Dw6Pj8slpW4lUYtLCggnZDZAijHLS0lQz0k0kQXHASCcYPeZ+Z0ykooI39SQhfowGnEYUI20krxcjPcSIZc1pv1xxqs4ccJW4BamAAo1++acXCpzGhGvMkFKe6yTaz5DUFDMytXupIgnCIzQgnqEcxUT52TzyFF4aJYSRkOZxDefq340MxUpN4sBM5hHVspeL6zwv1dG9n1GepJpwvPgoShnUAub3w5BKgjWbGIKwpCYrxEMkEdamJXtt6OtwTBNV5H8pDrBNX+5yO6ukfVN1b6u151ql/lA0VwLn4AJcARfcgTp4Ag3QAhgI8ArewMyaWe/Wh/W5GN2wip0z8A/W1y8YYqMo</latexit>

T

Summary: the predicted phase of adjoint QCD from  
<latexit sha1_base64="8ponUgLv36LvLtzTueeE8/mlWKI=">AAACH3icbVDLSsNAFL3xWeOr6tJNsAgupCSlqBuh4MaVVLAPaEOZTCbt0MkkzkyKJfQ73NqvcSdu+zGCkzYLbXtg4HDOvdwzx4sZlcq2Z8bG5tb2zm5hz9w/ODw6Lp6cNmWUCEwaOGKRaHtIEkY5aSiqGGnHgqDQY6TlDR8yvzUiQtKIv6hxTNwQ9TkNKEZKS243RGqAEUufJveVXrFkl+05rFXi5KQEOeq94k/Xj3ASEq4wQ1J2HDtWboqEopiRidlNJIkRHqI+6WjKUUikm85DT6xLrfhWEAn9uLLm6t+NFIVSjkNPT2Yh5bKXieu8TqKCOzelPE4U4XhxKEiYpSIra8DyqSBYsbEmCAuqs1p4gATCSvdkrg197Y9oLPP8b/kHTN2Xs9zOKmlWys5NufpcLdVqeXMFOIcLuAIHbqEGj1CHBmB4hXf4gKkxNT6NL+N7Mbph5Dtn8A/G7BcdSaOn</latexit>

N = 2

<latexit sha1_base64="hNvM2zYdMhORt/qB4zlhMYS+/Os=">AAACM3icbVDLSsNAFJ34rPEVdenCYBFcSEkkqCspuHElFewDmxAmk0k7dPJgZlIsIUu/xq39GHEnbv0EwUmbRW17YOBw7r3MOcdLKOHCMD6UldW19Y3Nypa6vbO7t68dHLZ4nDKEmyimMet4kGNKItwURFDcSRiGoUdx2xvcFfP2EDNO4uhJjBLshLAXkYAgKKTkaid2CEXf87Ln3M2sh9wWsT4jWa5WNWrGBPoiMUtSBSUarvZr+zFKQxwJRCHnXdNIhJNBJgiiOFftlOMEogHs4a6kEQwxd7JJkFw/k4qvBzGTLxL6RJ29yGDI+Sj05Gbhkc/PCnHZrJuK4MbJSJSkAkdo+lGQUl2mLVrRfcIwEnQkCUSMSK866kMGkZDdqUtNX/hDkvDS/0sZQJV9mfPtLJLWZc28qlmPVrV+WzZXAcfgFJwDE1yDOrgHDdAECLyCN/AOxspY+VS+lO/p6opS3hyBf1B+/gDDiKui</latexit>

Z4N ! Z4

<latexit sha1_base64="mKUA8ELtEC/+T7Cqru45Bgnj8yI=">AAACOnicbVDLSgMxFM3UV62vUZdugkVxIWVGirqSghtXUsE+oB1KJpNpQ5PMkGSKZegf+DVu7Y+4dSdu3Qqm7YDa9kC4h3PvJeceP2ZUacd5s3Irq2vrG/nNwtb2zu6evX9QV1EiManhiEWy6SNFGBWkpqlmpBlLgrjPSMPv3076jQGRikbiUQ9j4nHUFTSkGGkjdezTNkOiywg0lfsB+q0y0xXl8L5jF52SMwVcJG5GiiBDtWN/t4MIJ5wIjRlSquU6sfZSJDXFjIwK7USRGOE+6pKWoQJxorx0es8InhglgGEkzRMaTtW/GyniSg25byY50j0135uIy3qtRIfXXkpFnGgi8OyjMGFQR3ASDgyoJFizoSEIS2q8QtxDEmFtIiwsNX0eDGisMv9P2QEFk5c7n84iqV+U3MtS+aFcrNxkyeXBETgGZ8AFV6AC7kAV1AAGz+AFvIKxNbberQ/rczaas7KdQ/AP1tcP6aKtlg==</latexit>

h��i ⇠ N

<latexit sha1_base64="nG0MOKfyBIZ3LEYdRNHXMIqpFGs=">AAACHXicbVDLSgMxFM3UVx1fVZdugkVwoWWmFHUlBTeupIJ9wHQsmUymDU0mQ5IpltLPcGu/xp24FT9GMG1noW0PBA7n3EvOPUHCqNKO823l1tY3Nrfy2/bO7t7+QeHwqKFEKjGpY8GEbAVIEUZjUtdUM9JKJEE8YKQZ9O+mfnNApKIiftLDhPgcdWMaUYy0kbxGW1EOL+HDc7lTKDolZwa4TNyMFEGGWqfw0w4FTjmJNWZIKc91Eu2PkNQUMzK226kiCcJ91CWeoTHiRPmjWeQxPDNKCCMhzYs1nKl/N0aIKzXkgZnkSPfUojcVV3leqqMbf0TjJNUkxvOPopRBLeD0fhhSSbBmQ0MQltRkhbiHJMLatGSvDH0RDmiisvwv2QG26ctdbGeZNMol96pUeawUq7dZc3lwAk7BOXDBNaiCe1ADdYCBAK/gDUysifVufVif89Gcle0cg3+wvn4BAHmh7A==</latexit>

V ⇠ �N2

<latexit sha1_base64="+HymOOg+3emxgex8oI5GTooS9Yc=">AAACTHicbVBNSwMxEM1WrXX9WvXoJVgED1J2pWhPUvDisYL9gHYp2WzahibZJckWy9K/4q/xau/+D29SMG1X1LYTwjzem2FmXhAzqrTrfli5re2d/G5hz94/ODw6dk5OGypKJCZ1HLFItgKkCKOC1DXVjLRiSRAPGGkGw4e53hwRqWgknvU4Jj5HfUF7FCNtqK5T6TAk+oxAk3kQot8sM15RDn+KBuZlQtcpuiV3EXAdeBkogixqXWfWCSOccCI0ZkiptufG2k+R1BQzMrE7iSIxwkPUJ20DBeJE+eniwgm8NEwIe5E0X2i4YP92pIgrNeaBqeRID9SqNic3ae1E9yp+SkWcaCLwclAvYVBHcG4XDKkkWLOxAQhLanaFeIAkwtqYam9c+joc0Vhl+79kB9jGL2/VnXXQuCl5t6XyU7lYvc+cK4BzcAGugAfuQBU8ghqoAwxewRt4B1Nran1aX9ZsWZqzsp4z8C9y+W+20bPR</latexit>

h��i ⇠ hhhi

* consistent with VW for adjoint QCD
♜ true in all phases in the cascade (except first)

*♜

<latexit sha1_base64="9C39Ox1vAzWFdKhazXVFCzYUHr8=">AAACJXicbVDLSsNAFJ34rPGV6tJNsAgtSElK8bEQCm5cSUXTFtoQJpNJO3QyCTOTain9FLf2a9yJ4MovEZy2WWjbAwOHc+5lzj1+QomQlvWlra1vbG5t53b03b39g0Mjf9QQccoRdlBMY97yocCUMOxIIiluJRzDyKe46fdvp35zgLkgMXuSwwS7EewyEhIEpZI8I//oFO+98KZS6sjYdIp2yTMKVtmawVwmdkYKIEPdM346QYzSCDOJKBSibVuJdEeQS4IoHuudVOAEoj7s4raiDEZYuKNZ9LF5ppTADGOuHpPmTP27MYKREMPIV5MRlD2x6E3FVV47leGVOyIsSSVmaP5RmFJTXTntwQwIx0jSoSIQcaKymqgHOURStaWvDH0eDEgisvwv2QG66stebGeZNCpl+6JcfagWatdZczlwAk5BEdjgEtTAHagDByDwDF7BG5hoE+1d+9A+56NrWrZzDP5B+/4F1BGjvw==</latexit>

SU(Nf = 2) ! U(1)*♜

<latexit sha1_base64="H3y5L9GQjVqq6nq74iniDgs7YEo=">AAACGHicbVDLSsNAFL3xWeOr6tLNYBFcSEmkqMuCG1dSwT6gCWUymbZjJ5MwMymW0H9wa7/Gnbh158cITtsstO2BgcM59zLnniDhTGnH+bbW1jc2t7YLO/bu3v7BYfHouKHiVBJaJzGPZSvAinImaF0zzWkrkRRHAafNYHA39ZtDKhWLxZMeJdSPcE+wLiNYG6nhBaznjTvFklN2ZkDLxM1JCXLUOsUfL4xJGlGhCcdKtV0n0X6GpWaE07HtpYommAxwj7YNFTiiys9macfo3Cgh6sbSPKHRTP27keFIqVEUmMkI675a9KbiKq+d6u6tnzGRpJoKMv+om3KkYzQ9HYVMUqL5yBBMJDNZEeljiYk2BdkrQ1+GQ5aoPP9LfoBt+nIX21kmjauye12uPFZK1Ye8uQKcwhlcgAs3UIV7qEEdCDzDK7zBxJpY79aH9TkfXbPynRP4B+vrF8eIoOs=</latexit>

 
match the       phase

<latexit sha1_base64="hYG7zN+Sa/Ix6WQYc6xKYwoFoyQ=">AAACH3icbVDLSsNAFL3xWeOr6tJNsAgupCRSfOwK3bisYB/QxjKZTNqhk0mcmRRL6He4tV/jTtz2YwQnbRba9sDA4Zx7uWeOFzMqlW3PjI3Nre2d3cKeuX9weHRcPDltyigRmDRwxCLR9pAkjHLSUFQx0o4FQaHHSMsb1jK/NSJC0og/q3FM3BD1OQ0oRkpLbjdEauB5aa0+eXF6xZJdtuewVomTkxLkqPeKP10/wklIuMIMSdlx7Fi5KRKKYkYmZjeRJEZ4iPqkoylHIZFuOg89sS614ltBJPTjypqrfzdSFEo5Dj09mYWUy14mrvM6iQru3ZTyOFGE48WhIGGWiqysAcungmDFxpogLKjOauEBEggr3ZO5NvS1P6KxzPO/5R8wdV/OcjurpHlTdm7LladKqfqQN1eAc7iAK3DgDqrwCHVoAIZXeIcPmBpT49P4Mr4XoxtGvnMG/2DMfgEO9qOZ</latexit>

CP1
Thank you!


