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Part 1: Gauge Theory Phases



3

Phases of  Gauge Theory

Play a role in many physical systems:


• QCD: confining phase of              gauge theory


• Electroweak theory: Higgs phase of 
                                                

• Condensed matter physics: conventional BCS 
superconductor is a Higgs phase with   


Here “phase” is used casually to mean “regime”.
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Order Parameters and Symmetries
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Sharp notion of phases and transitions typically requires 
order parameters and global symmetries [Landau]:


•  Order parameters:  
 large electric/magnetic loops 
 [Wilson; Polyakov; Susskind; ’t Hooft] 


• Symmetries: generalized, one-form global symmetries 
[Gaiotto, Kapustin, Seiberg, Willett], e.g. center symmetry.


• Example: pure             gauge theory has a      one-form 
center symmetry, unbroken in vacuum, broken at high    . 
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Fundamental Matter
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One-form symmetries: always broken by fundamental 
matter. (They rely on non-generic matter.)


Example: QCD with fundamental quarks has no one-form 
center symmetry. Wilson lines can end; confining strings 
can break. 
 
 
 
No sharp notion of  confinement in QCD!  
Finite     lattice simulations (no sign problem) show a 
smooth crossover for non-zero quark masses.
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Higgs-Confinement Continuity
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Fundamental scalar fields can lead to complete Higgsing 
with a gapped vacuum, much like in the confining regime.


There are no symmetries that distinguish Higgsing and 
confinement: they can be continuously connected, 
without a phase transition. 


• Rigorous lattice results [Fradkin, Shenker; also Banks, Rabinovici]


• True in examples, especially with SUSY [Intriligator, Seiberg]


• Continuity dogma is standard lore [Dimopoulos, Raby, Susskind]



Today: Higgs-Confinement Transitions
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• Examples where Higgs-confinement continuity fails 
(QCD + Higgs fields + Yukawa couplings).


• Unexpected Higgs-Confinement phase transitions. 


• The reason is that Higgs and confining regimes are 
different symmetry protected topological (SPT) phases.


• Applications to QCD at finite baryon density:  
confining at low densities, color superconducting Higgs 
phase at high densities. 
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Part 2: What are Symmetry Protected 
Topological (SPT) Phases?



What are SPTs?
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• Condensed matter origins: IQHE, Haldane/AKLT chain, 
topological insulators/superconductors [David Kaplan’s talk]


• Closely related to anomaly inflow (esp. global anomalies) 


• Most robust setting: fully gapped phases of matter, no 
symmetry breaking, no topological order (naively trivial).


• More recently: gapless SPTs (more delicate and less well 
understood, we will encounter an example)


• SPTs = non-trivial topological actions for background 
fields associated with unbroken global symmetries.



Chern-Simons SPTs in 2+1d
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• Gapped system with unbroken          flavor symmetry and 
corresponding non-dynamical background gauge field    .     


• Effective action can have quantized Chern-Simons term: 
 
 

• Contributes phase to Euclidean partition function     


• A jump in    necessarily signals a phase transition (first 
order, unless the gap closes). Example: free massive 
Dirac fermion [David Kaplan’s talk].
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SPTs in 3+1d
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• Prototypical example of SPT-enforced phase transition: 
free 2-component Weyl fermion       with time-reversal 

• For either sign of     , the theory is gapped and trivial. 
Related by                , which has mixed gravity anomaly. 
This leads to the following SPTs in the two phases:  
 

•   -symmetry quantizes    . SPT jump at            enforces a 
phase transition. Without   :     is not quantized (no SPT), 
and complex mass            can avoid phase transition.
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T

<latexit sha1_base64="vQEU/DkCmmCKrnckG9Ze0qfAqYc=">AAAB+3icdVDLSgMxFM3UV62vsS7dBIvgqswUre2u6MZlFfuAzlAyaaYNTTJDkhHLML/ixoUibv0Rd/6NmbaCih4IHM65l3tygphRpR3nwyqsrK6tbxQ3S1vbO7t79n65q6JEYtLBEYtkP0CKMCpIR1PNSD+WBPGAkV4wvcz93h2RikbiVs9i4nM0FjSkGGkjDe0yhx4VEKYeR3oSBPAmG9oVp+oY1OswJ27DcQ1pNhu1WhO6c8txKmCJ9tB+90YRTjgRGjOk1MB1Yu2nSGqKGclKXqJIjPAUjcnAUIE4UX46z57BY6OMYBhJ84SGc/X7Roq4UjMemMk8ofrt5eJf3iDRYcNPqYgTTQReHAoTBnUE8yLgiEqCNZsZgrCkJivEEyQR1qaukinh66fwf9KtVd169ez6tNK6WNZRBIfgCJwAF5yDFrgCbdABGNyDB/AEnq3MerRerNfFaMFa7hyAH7DePgERpZPa</latexit>

m 2 R

<latexit sha1_base64="CVyEVekJjHyf8hcDiy3AOE+HWX8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKX8eiF48VrC3sLiWbZtvQbBKSWaGU/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMv0YJb8P1vr7Syura+Ud6sbG3v7O5V9w8ercoNZS2qhDKdhFgmuGQt4CBYRxtGskSwdjK8nfrtJ2YsV/IBRprFGelLnnJKwElhpC3vRkToAelWa37dnwEvk6AgNVSg2a1+RT1F84xJoIJYGwa+hnhMDHAq2KQS5ZZpQoekz0JHJcmYjcezkyf4xCk9nCrjSgKeqb8nxiSzdpQlrjMjMLCL3lT8zwtzSK/jMZc6BybpfFGaCwwKT//HPW4YBTFyhFDD3a2YDoghFFxKFRdCsPjyMnk8qweX9Yv781rjpoijjI7QMTpFAbpCDXSHmqiFKFLoGb2iNw+8F+/d+5i3lrxi5hD9gff5A2qMkVs=</latexit>

 ↵

<latexit sha1_base64="RZPk4QoybUxtcOb+t5qHV4V+jbI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVo16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD2M2M+w==</latexit>m
<latexit sha1_base64="QKirave5hPLWjKd2Vc6sC5UnL7s=">AAAB+nicbVBNT8JAEN3iF+JX0aOXRmKCF9Iav45ELx4xsUACTbNdtrBhu212pwqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5QcKZAtv+Ngorq2vrG8XN0tb2zu6eWd5vqjiVhLok5rFsB1hRzgR1gQGn7URSHAWctoLhzdRvPVCpWCzuYZxQL8J9wUJGMGjJN8tu1Tnxu0BHkOERw3zimxW7Zs9gLRMnJxWUo+GbX91eTNKICiAcK9Vx7AS8DEtghNNJqZsqmmAyxH3a0VTgiCovm50+sY610rPCWOoSYM3U3xMZjpQaR4HujDAM1KI3Ff/zOimEV17GRJICFWS+KEy5BbE1zcHqMUkJ8LEmmEimb7XIAEtMQKdV0iE4iy8vk+Zpzbmond+dVerXeRxFdIiOUBU56BLV0S1qIBcR9Iie0St6M56MF+Pd+Ji3Fox85gD9gfH5A87Mk70=</latexit>

U(1)axial

<latexit sha1_base64="LL+0M6o/SHL614ZLWiw4XiG2J+E="></latexit>

✓g
384⇡2

Z

M4

tr(R ^R)
<latexit sha1_base64="5Ve1Ao04c3PxhMm+wb3H0RxgYww=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCBwmbzdODEPTiMYKJgWwIs5NJMmT2wUyvsCzxV7x4UMSrH+LNv3E2iaCiBQ1FVTfdXW4ouALL+jAyK6tr6xvZzdzW9s7unrl/0FFBJClr00AEsusSxQT3WRs4CNYNJSOeK9itO71M/ds7JhUP/BuIQ9b3yNjnI04JaGlg5h2YMCCDZDzD59g6xU7IB2bBKp41anbVxlbRsup2uZYSu16xy7iklRQFtERrYL47w4BGHvOBCqJUr2SF0E+IBE4Fm+WcSLGQ0CkZs56mPvGY6ifz42f4WCtDPAqkLh/wXP0+kRBPqdhzdadHYKJ+e6n4l9eLYNToJ9wPI2A+XSwaRQJDgNMk8JBLRkHEmhAqub4V0wmRhILOK6dD+PoU/086drFUK1avK4XmxTKOLDpER+gElVAdNdEVaqE2oihGD+gJPRv3xqPxYrwuWjPGciaPfsB4+wSNv5QV</latexit>

✓g = 0,⇡

<latexit sha1_base64="iWqJnrLbeeCpBliGig+RkVMClLs=">AAAB7HicbVBNS8NAEJ3Ur1q/oh69LBbBU0nEr4tQ9OKxgmkLbSib7aZdursJuxuhhP4GLx4U8eoP8ua/cdvmoK0PBh7vzTAzL0o508bzvp3Syura+kZ5s7K1vbO75+4fNHWSKUIDkvBEtSOsKWeSBoYZTtupolhEnLai0d3Ubz1RpVkiH804paHAA8liRrCxUiDQDfJ6btWreTOgZeIXpAoFGj33q9tPSCaoNIRjrTu+l5owx8owwumk0s00TTEZ4QHtWCqxoDrMZ8dO0IlV+ihOlC1p0Ez9PZFjofVYRLZTYDPUi95U/M/rZCa+DnMm08xQSeaL4owjk6Dp56jPFCWGjy3BRDF7KyJDrDAxNp+KDcFffHmZNM9q/mXt4uG8Wr8t4ijDERzDKfhwBXW4hwYEQIDBM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AXVpjdA=</latexit>

m = 0
<latexit sha1_base64="YMTxwCM6L9pYQBc32aKuDSIxkPk=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpmitd0V3bis0BdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+TdmphVU9EDgcM695NwTxJxpg9CHU1hb39jcKm6Xdnb39g/Kh0c9LRNFaJdILtUgwJpyJmjXMMPpIFYURwGn/WB2k/n9e6o0k6Jj5jH1IzwRLGQEGyt56TDCZqpD2FmMyhVURRb1OsyI20CuJc1mo1ZrQje3EKqAFdqj8vtwLEkSUWEIx1p7LoqNn2JlGOF0URommsaYzPCEepYKHFHtp3nkBTyzyhiGUtknDMzV7xspjrSeR4GdzBP+9jLxL89LTNjwUybixFBBlh+FCYdGwux+OGaKEsPnlmCimM0KyRQrTIxtqWRL+LoU/k96tapbr17eXVRa16s6iuAEnIJz4IIr0AK3oA26gAAJHsATeHaM8+i8OK/L0YKz2jkGP+C8fQKUr5F6</latexit>

T
<latexit sha1_base64="43kiLQ2RslzgaFagUO78awpdrxo=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GmYmq7egF48RzALJEHo6PUmTnsXuGiEM+QkvHhTx6u9482/sSSKo6IOCx3tVVNXzYsEVWNaHkVtb39jcym8Xdnb39g+Kh0cdFSWSsjaNRCR7HlFM8JC1gYNgvVgyEniCdb3pVeZ375lUPApvYRYzNyDjkPucEtBSbwATBmQ4HhZLlnnRqDlVB1umZdWdci0jTr3ilLGtlQwltEJrWHwfjCKaBCwEKohSfduKwU2JBE4FmxcGiWIxoVMyZn1NQxIw5aaLe+f4TCsj7EdSVwh4oX6fSEmg1CzwdGdAYKJ+e5n4l9dPwG+4KQ/jBFhIl4v8RGCIcPY8HnHJKIiZJoRKrm/FdEIkoaAjKugQvj7F/5OOY9o1s3pTKTUvV3Hk0Qk6RefIRnXURNeohdqIIoEe0BN6Nu6MR+PFeF225ozVzDH6AePtE4V3kFA=</latexit>

✓g
<latexit sha1_base64="YMTxwCM6L9pYQBc32aKuDSIxkPk=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpmitd0V3bis0BdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+TdmphVU9EDgcM695NwTxJxpg9CHU1hb39jcKm6Xdnb39g/Kh0c9LRNFaJdILtUgwJpyJmjXMMPpIFYURwGn/WB2k/n9e6o0k6Jj5jH1IzwRLGQEGyt56TDCZqpD2FmMyhVURRb1OsyI20CuJc1mo1ZrQje3EKqAFdqj8vtwLEkSUWEIx1p7LoqNn2JlGOF0URommsaYzPCEepYKHFHtp3nkBTyzyhiGUtknDMzV7xspjrSeR4GdzBP+9jLxL89LTNjwUybixFBBlh+FCYdGwux+OGaKEsPnlmCimM0KyRQrTIxtqWRL+LoU/k96tapbr17eXVRa16s6iuAEnIJz4IIr0AK3oA26gAAJHsATeHaM8+i8OK/L0YKz2jkGP+C8fQKUr5F6</latexit>

T
<latexit sha1_base64="43kiLQ2RslzgaFagUO78awpdrxo=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiB4GmYmq7egF48RzALJEHo6PUmTnsXuGiEM+QkvHhTx6u9482/sSSKo6IOCx3tVVNXzYsEVWNaHkVtb39jcym8Xdnb39g+Kh0cdFSWSsjaNRCR7HlFM8JC1gYNgvVgyEniCdb3pVeZ375lUPApvYRYzNyDjkPucEtBSbwATBmQ4HhZLlnnRqDlVB1umZdWdci0jTr3ilLGtlQwltEJrWHwfjCKaBCwEKohSfduKwU2JBE4FmxcGiWIxoVMyZn1NQxIw5aaLe+f4TCsj7EdSVwh4oX6fSEmg1CzwdGdAYKJ+e5n4l9dPwG+4KQ/jBFhIl4v8RGCIcPY8HnHJKIiZJoRKrm/FdEIkoaAjKugQvj7F/5OOY9o1s3pTKTUvV3Hk0Qk6RefIRnXURNeohdqIIoEe0BN6Nu6MR+PFeF225ozVzDH6AePtE4V3kFA=</latexit>

✓g
<latexit sha1_base64="ggcnMKui1uA3VinTGY9xAlph6Rs=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4Kon4Wha7cVnBPqAJZTKdtEMnkzAzUUrsp7hxoYhbv8Sdf+OkzUJbDwwczrmXe+YECWdKO863tbK6tr6xWdoqb+/s7u3blYO2ilNJaIvEPJbdACvKmaAtzTSn3URSHAWcdoJxI/c7D1QqFot7PUmoH+GhYCEjWBupb1ci5DGBMi/CehQEqDHt21Wn5syAlolbkCoUaPbtL28QkzSiQhOOleq5TqL9DEvNCKfTspcqmmAyxkPaM1TgiCo/m0WfohOjDFAYS/OERjP190aGI6UmUWAm84Rq0cvF/7xeqsNrP2MiSTUVZH4oTDnSMcp7QAMmKdF8YggmkpmsiIywxESbtsqmBHfxy8ukfVZzL2sXd+fV+k1RRwmO4BhOwYUrqMMtNKEFBB7hGV7hzXqyXqx362M+umIVO4fwB9bnD0qjk2Q=</latexit>

m 2 C



Vafa-Witten Positivity and SPTs

12

QCD with a positive (bare) quark mass              can be 
regulated in such a way that its path-integral measure is 
positive. This amounts to setting all theta-angles to zero. 
This is key assumption in the derivation of QCD inequalities 
[Vafa, Witten; Weingarten]. 


Measure positivity holds on arbitrary four-manifolds 
and for arbitrary-vector like background gauge fields    .


The resulting Euclidean partition functions are then also 
positive:                        (trivial SPT). Our SPT examples will 
all violate positivity (Yukawas, finite chemical potential).

<latexit sha1_base64="YwGJQWziayEb/k5Sj+WTy6yC86M=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3bisYB/QDiWTZtrQJBOTjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeSHFmrO9/eYWl5ZXVteJ6aWNza3unvLvXNEmqCW2QhCe6HWFDOZO0YZnltK00xSLitBWNbqZ+65FqwxJ5b8eKhgIPJIsZwdZJLdF7QFfI75UrftWfAf0lQU4qkKPeK392+wlJBZWWcGxMJ/CVDTOsLSOcTkrd1FCFyQgPaMdRiQU1YTY7d4KOnNJHcaJdSYtm6s+JDAtjxiJynQLboVn0puJ/Xie18WWYMalSSyWZL4pTjmyCpr+jPtOUWD52BBPN3K2IDLHGxLqESi6EYPHlv6R5Ug3Oq2d3p5XadR5HEQ7gEI4hgAuowS3UoQEERvAEL/DqKe/Ze/Pe560FL5/Zh1/wPr4BAKCOtQ==</latexit>

mq > 0

<latexit sha1_base64="NX2UdbTCinO+2GB8vPancpL1DnU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKfByDXrwIEc0DkiXMTjrJkNnZZWZWCEs+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K4gF18Z1v53cyura+kZ+s7C1vbO7V9w/aOgoUQzrLBKRagVUo+AS64Ybga1YIQ0Dgc1gdDP1m0+oNI/koxnH6Id0IHmfM2qs9HDXrXSLJbfszkCWiZeREmSodYtfnV7EkhClYYJq3fbc2PgpVYYzgZNCJ9EYUzaiA2xbKmmI2k9np07IiVV6pB8pW9KQmfp7IqWh1uMwsJ0hNUO96E3F/7x2YvpXfsplnBiUbL6onwhiIjL9m/S4QmbE2BLKFLe3EjakijJj0ynYELzFl5dJ46zsXZTP7yul6nUWRx6O4BhOwYNLqMIt1KAODAbwDK/w5gjnxXl3PuatOSebOYQ/cD5/ANHrjYI=</latexit>

M4
<latexit sha1_base64="t3P7Bo1K+RmSOF3TbywBl80y8Tw=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPqxSMk8khgQ2aHBkZmZzczsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0N/WbT6g0j+SDGcfoh3QgeZ8zaqxUu+kWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LldssjjwcwTGcggdXUIF7qEIdGCA8wyu8OY/Oi/PufMxbc042cwh/4Hz+AJYdjM8=</latexit>

A

<latexit sha1_base64="gobPKMRipDQ9vq69xx96cySwNuc=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5REWvUkVS9ehAr2A9NQNttNu3SzCbsboYT+DS8eFPHqn/Hmv3Hb5qCtDwYe780wM8+POVPatr+t3NLyyupafr2wsbm1vVPc3WuqKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx/eTPzWE5WKReJBj2LqhbgvWMAI1kbqPLp33coJuvIukd0tluyyPQVaJE5GSpCh3i1+dXoRSUIqNOFYKdexY+2lWGpGOB0XOomiMSZD3KeuoQKHVHnp9OYxOjJKDwWRNCU0mqq/J1IcKjUKfdMZYj1Q895E/M9zEx1ceCkTcaKpILNFQcKRjtAkANRjkhLNR4ZgIpm5FZEBlphoE1PBhODMv7xImqdl56xcva+UatdZHHk4gEM4BgfOoQa3UIcGEIjhGV7hzUqsF+vd+pi15qxsZh/+wPr8AXzFkAk=</latexit>

Z[M4, A] > 0



13

Part 3: Higgs-Confinement Phase 
Transitions from SPTs



Example 1: SU(2) Higgs-Yukawa QCD

14

• Gauge group             , flavor symmetry


• Matter: 1 Dirac = 2 Weyl Quarks 
 
             Real bi-fundamental Higgs: 
          


 
 

• Time reversal     requires                     . We take them      .

<latexit sha1_base64="4aYwE8se76vm8xlpuGFynQ+Eib4=">AAACRXicbZBLSwMxFIUzvq2vqks3wSIIQpkRXxuhqIsuXLRg1dIp5U6atqGZB8kdtQzz59y4d+c/cONCEbea1i607YHA4Tv3kuR4kRQabfvFmpqemZ2bX1jMLC2vrK5l1zeudRgrxisslKG69UBzKQJeQYGS30aKg+9JfuN1z/v5zR1XWoTBFfYiXvehHYiWYIAGNbJu4jKQ9DJtuMgfMClWy+cXKT2lI3xA90ZpUbTbegKvxl24h7SRzdl5eyA6bpyhyZGhSo3ss9sMWezzAJkErWuOHWE9AYWCSZ5m3FjzCFgX2rxmbAA+1/Vk0EJKdwxp0laozAmQDujfjQR8rXu+ZyZ9wI4ezfpwUlaLsXVST0QQxcgD9ntRK5YUQ9qvlDaF4gxlzxhgSpi3UtYBBQxN8RlTgjP65XFzvZ93jvKH5YNc4WxYxwLZIttklzjkmBRIkZRIhTDySF7JO/mwnqw369P6+h2dsoY7m+SfrO8f1i+x9Q==</latexit>

LHYQCD = LQCD + LHiggs + LYukawa

<latexit sha1_base64="5bnEHYLJB1EMsLX2K2D4p9OzPPY=">AAACKnicbVDLTgIxFO34RHyNunTTSEzcSGaIryXqxiUm8kgYmNwpBQqdh22HhEz4Hjf+ihsWGuLWD7HALBC8SZNzzzk3t/d4EWdSWdbEWFvf2Nzazuxkd/f2Dw7No+OKDGNBaJmEPBQ1DyTlLKBlxRSntUhQ8D1Oq17/capXB1RIFgYvahjRhg+dgLUZAaUp17y/THz3FTuhNuHCCDsDEDSSjGsxAW+00DcT1tMG3TTBZXPguT3XzFl5a1Z4FdgpyKG0Sq45dlohiX0aKMJByrptRaqRgFCMcDrKOrGkEZA+dGhdwwB8KhvJ7NQRPtdMC7dDoV+g8IxdnEjAl3Loe9rpg+rKZW1K/qfVY9W+ayQsiGJFAzJf1I45ViGe5oZbTFCi+FADIILpv2LSBQFE6XSzOgR7+eRVUCnk7Zv89fNVrviQxpFBp+gMXSAb3aIiekIlVEYEvaEP9Im+jHdjbEyM77l1zUhnTtCfMn5+AT+fqGw=</latexit>

�mq

2
"ab"

ij a
i  

b
j

<latexit sha1_base64="H9cfs/517LrT+0YoaovE9BtDI0o="></latexit>

1

2

⇣
y1h

i
ah

j
b + y2h

j
ah

i
b

⌘
 a
i  

b
j

<latexit sha1_base64="T7g7/V1GpRlLpAV1ymvl/dpQ5Ng=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047JCXzAdSibNtKGZZEjuCGXoZ7hxoYhbv8adf2M6nYW2HggczrmXnHvCRHADrvvtlNbWNza3ytuVnd29/YPq4VHHqFRT1qZKKN0LiWGCS9YGDoL1Es1IHArWDSf3c7/7xLThSrZgmrAgJiPJI04JWMnP+jGBsYlwazao1ty6mwOvEq8gNVSgOah+9YeKpjGTQAUxxvfcBIKMaOBUsFmlnxqWEDohI+ZbKknMTJDlkWf4zCpDHCltnwScq783MhIbM41DO5knXPbm4n+en0J0G2RcJikwSRcfRanAoPD8fjzkmlEQU0sI1dxmxXRMNKFgW6rYErzlk1dJ56LuXdevHi9rjbuijjI6QafoHHnoBjXQA2qiNqJIoWf0it4ccF6cd+djMVpyip1j9AfO5w89apE9</latexit>

T
<latexit sha1_base64="j3KBx3KNegooTodubRa7iFJ7Urs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBRSlJ8bUsunFZxbZCE8JkOmmHTiZxZiKUkI0bf8WNC0Xc+g/u/BsnbRbaeuDC4Zx7ufceP2ZUKsv6NkoLi0vLK+XVytr6xuaWub3TkVEiMGnjiEXizkeSMMpJW1HFyF0sCAp9Rrr+6DL3uw9ESBrxWzWOiRuiAacBxUhpyTP3Q+++BsdeatcaGXQoh6kTIjX0fXiTeWbVqlsTwHliF6QKCrQ888vpRzgJCVeYISl7thUrN0VCUcxIVnESSWKER2hAeppyFBLpppMvMniolT4MIqGLKzhRf0+kKJRyHPq6M79Qznq5+J/XS1Rw7qaUx4kiHE8XBQmDKoJ5JLBPBcGKjTVBWFB9K8RDJBBWOriKDsGefXmedBp1+7R+cn1cbV4UcZTBHjgAR8AGZ6AJrkALtAEGj+AZvII348l4Md6Nj2lryShmdsEfGJ8/jzqXXA==</latexit>

mq, y1,2 2 R <latexit sha1_base64="vAKwYsUkabm3ULKDCXBSl25cm3Y=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr5MEvXiMYh6QLGF20psMmZ1dZmaFsOQPvHhQxKt/5M2/cZLsQaMFDUVVN91dQSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekSleSwfzDhBP6IDyUPOqLHS/ZXbK1fcqjsD+Uu8nFQgR71X/uz2Y5ZGKA0TVOuO5ybGz6gynAmclLqpxoSyER1gx1JJI9R+Nrt0Qo6s0idhrGxJQ2bqz4mMRlqPo8B2RtQM9aI3Ff/zOqkJL/2MyyQ1KNl8UZgKYmIyfZv0uUJmxNgSyhS3txI2pIoyY8Mp2RC8xZf/kuZJ1Tuvnt2dVmrXeRxFOIBDOAYPLqAGt1CHBjAI4Qle4NUZOc/Om/M+by04+cw+/ILz8Q3/c40G</latexit>

> 0

<latexit sha1_base64="UA7YP2nzU6Tez3YdLGOxDbHZ41M="></latexit>

( ↵)
a=1,2
i=1,2

<latexit sha1_base64="KYLdGzf42lVuJ+4e3eMtAF18V4k="></latexit>

hi
a =

�
hi
a

�†
<latexit sha1_base64="rWkSpwGmPWpJeSdXaasYZxhOAyw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOepMhsw9meoUQ8hFePCji1e/x5t84SfagiQUNRVU33V1BqqQh1/12Ciura+sbxc3S1vbO7l55/+DRJJkW2BCJSnQr4AaVjLFBkhS2Uo08ChQ2g+Ht1G8+oTYyiR9olKIf8X4sQyk4WanZMVlgkLrlilt1Z2DLxMtJBXLUu+WvTi8RWYQxCcWNaXtuSv6Ya5JC4aTUyQymXAx5H9uWxjxC449n507YiVV6LEy0rZjYTP09MeaRMaMosJ0Rp4FZ9Kbif147o/DaH8s4zQhjMV8UZopRwqa/s57UKEiNLOFCS3srEwOuuSCbUMmG4C2+vEwez6reZfXi/rxSu8njKMIRHMMpeHAFNbiDOjRAwBCe4RXenNR5cd6dj3lrwclnDuEPnM8fkM6PvA==</latexit> ⇢ <latexit sha1_base64="rWkSpwGmPWpJeSdXaasYZxhOAyw=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cIxgSSJcxOepMhsw9meoUQ8hFePCji1e/x5t84SfagiQUNRVU33V1BqqQh1/12Ciura+sbxc3S1vbO7l55/+DRJJkW2BCJSnQr4AaVjLFBkhS2Uo08ChQ2g+Ht1G8+oTYyiR9olKIf8X4sQyk4WanZMVlgkLrlilt1Z2DLxMtJBXLUu+WvTi8RWYQxCcWNaXtuSv6Ya5JC4aTUyQymXAx5H9uWxjxC449n507YiVV6LEy0rZjYTP09MeaRMaMosJ0Rp4FZ9Kbif147o/DaH8s4zQhjMV8UZopRwqa/s57UKEiNLOFCS3srEwOuuSCbUMmG4C2+vEwez6reZfXi/rxSu8njKMIRHMMpeHAFNbiDOjRAwBCe4RXenNR5cd6dj3lrwclnDuEPnM8fkM6PvA==</latexit> ⇢

<latexit sha1_base64="QlLCDD1LHN/rAiDFDUhAysztEIY=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5CkT3dFNy4rmrbQhjKZTtqhk0mYmQgl9CPcuFDErd/jzr9x0lZQ0QMXDufcy733+DGjUlnWh5FbW9/Y3MpvF3Z29/YPiodHHRklAhMXRywSPR9JwignrqKKkV4sCAp9Rrr+9Crzu/dESBrxOzWLiReiMacBxUhpqXvrlp3zIR4WS5Z50aw7NQdapmU1nEo9I06j6lSgrZUMJbBCe1h8H4winISEK8yQlH3bipWXIqEoZmReGCSSxAhP0Zj0NeUoJNJLF+fO4ZlWRjCIhC6u4EL9PpGiUMpZ6OvOEKmJ/O1l4l9eP1FB00spjxNFOF4uChIGVQSz3+GICoIVm2mCsKD6VognSCCsdEIFHcLXp/B/0nFMu27Wbqql1uUqjjw4AaegDGzQAC1wDdrABRhMwQN4As9GbDwaL8brsjVnrGaOwQ8Yb59k6o77</latexit>

SU(2)c
<latexit sha1_base64="hxwOWyVezrdVw4yZf1PrklQzPgI=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahXkoStLa3ohePFU1baEPZbDft0s0m7G6EUvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXpBwprRtf1i5ldW19Y38ZmFre2d3r7h/0FJxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjK8yv31PpWKxuNOThPoRHgoWMoK1kdq3Xtk97Yf9Ysmu2AbVKsqIU7MdQ+r1muvWkTO3bLsESzT7xffeICZpRIUmHCvVdexE+1MsNSOczgq9VNEEkzEe0q6hAkdU+dP5uTN0YpQBCmNpSmg0V79PTHGk1CQKTGeE9Uj99jLxL6+b6rDmT5lIUk0FWSwKU450jLLf0YBJSjSfGIKJZOZWREZYYqJNQgUTwten6H/ScitOtXJ+c1ZqXC7jyMMRHEMZHLiABlxDEzwgMIYHeIJnK7EerRfrddGas5Yzh/AD1tsnXdKO9w==</latexit>

SU(2)f



Phases of  SU(2) HYQCD
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(C)                    : integrate out Higgs. Leaves QCD with 
                                       . Gapped, trivial SPT.


(H)                    : large color-flavor locking Higgs vev (AF):


 
 
            fully Higgsed,              unbroken by identifying         .          


Yukawas:    fermions flip sign, inducing                       

<latexit sha1_base64="YwGJQWziayEb/k5Sj+WTy6yC86M=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3bisYB/QDiWTZtrQJBOTjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeSHFmrO9/eYWl5ZXVteJ6aWNza3unvLvXNEmqCW2QhCe6HWFDOZO0YZnltK00xSLitBWNbqZ+65FqwxJ5b8eKhgIPJIsZwdZJLdF7QFfI75UrftWfAf0lQU4qkKPeK392+wlJBZWWcGxMJ/CVDTOsLSOcTkrd1FCFyQgPaMdRiQU1YTY7d4KOnNJHcaJdSYtm6s+JDAtjxiJynQLboVn0puJ/Xie18WWYMalSSyWZL4pTjmyCpr+jPtOUWD52BBPN3K2IDLHGxLqESi6EYPHlv6R5Ug3Oq2d3p5XadR5HEQ7gEI4hgAuowS3UoQEERvAEL/DqKe/Ze/Pe560FL5/Zh1/wPr4BAKCOtQ==</latexit>

mq > 0

<latexit sha1_base64="SMd8NnaEI0onNRPyIsHE91BKHDk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEoSTF17Loxo1QwT6giWEynbRDJ5MwcyOG0l9x40IRt/6IO//G6WOhrQcuHM65l3vvCVPBNTjOt7W0vLK6tl7YKG5ube/s2nulpk4yRVmDJiJR7ZBoJrhkDeAgWDtVjMShYK1wcD32W49MaZ7Ie8hT5sekJ3nEKQEjBXbpNug/VLEHCT7BHpcR5IFddirOBHiRuDNSRjPUA/vL6yY0i5kEKojWHddJwR8SBZwKNip6mWYpoQPSYx1DJYmZ9oeT20f4yChdHCXKlAQ8UX9PDEmsdR6HpjMm0Nfz3lj8z+tkEF36Qy7TDJik00VRJrD5dBwE7nLFKIjcEEIVN7di2ieKUDBxFU0I7vzLi6RZrbjnlbO703LtahZHAR2gQ3SMXHSBaugG1VEDUfSEntErerNG1ov1bn1MW5es2cw++gPr8wdWAJNd</latexit>

M2
h ! +1

<latexit sha1_base64="A2z4z4YaCSh+KoRP63dEnJD9pT8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHcWJLia1l040aoYB/QxDCZTtqhk0mYuRFD6a+4caGIW3/EnX/j9LHQ1gMXDufcy733hKngGhzn21paXlldWy9sFDe3tnd27b1SUyeZoqxBE5Godkg0E1yyBnAQrJ0qRuJQsFY4uB77rUemNE/kPeQp82PSkzzilICRArt0G/QfqtiDBJ9gj8sI8sAuOxVnArxI3Bkpoxnqgf3ldROaxUwCFUTrjuuk4A+JAk4FGxW9TLOU0AHpsY6hksRM+8PJ7SN8ZJQujhJlSgKeqL8nhiTWOo9D0xkT6Ot5byz+53UyiC79IZdpBkzS6aIoE9h8Og4Cd7liFERuCKGKm1sx7RNFKJi4iiYEd/7lRdKsVtzzytndabl2NYujgA7QITpGLrpANXSD6qiBKHpCz+gVvVkj68V6tz6mrUvWbGYf/YH1+QNZFpNf</latexit>

M2
h ! �1

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡

<latexit sha1_base64="lETv0FFq5mIZNH/arLUTTlJx9b0="></latexit>

hhi
ai = v�ia , v > 0

<latexit sha1_base64="QlLCDD1LHN/rAiDFDUhAysztEIY=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5CkT3dFNy4rmrbQhjKZTtqhk0mYmQgl9CPcuFDErd/jzr9x0lZQ0QMXDufcy733+DGjUlnWh5FbW9/Y3MpvF3Z29/YPiodHHRklAhMXRywSPR9JwignrqKKkV4sCAp9Rrr+9Crzu/dESBrxOzWLiReiMacBxUhpqXvrlp3zIR4WS5Z50aw7NQdapmU1nEo9I06j6lSgrZUMJbBCe1h8H4winISEK8yQlH3bipWXIqEoZmReGCSSxAhP0Zj0NeUoJNJLF+fO4ZlWRjCIhC6u4EL9PpGiUMpZ6OvOEKmJ/O1l4l9eP1FB00spjxNFOF4uChIGVQSz3+GICoIVm2mCsKD6VognSCCsdEIFHcLXp/B/0nFMu27Wbqql1uUqjjw4AaegDGzQAC1wDdrABRhMwQN4As9GbDwaL8brsjVnrGaOwQ8Yb59k6o77</latexit>

SU(2)c
<latexit sha1_base64="hxwOWyVezrdVw4yZf1PrklQzPgI=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBahXkoStLa3ohePFU1baEPZbDft0s0m7G6EUvojvHhQxKu/x5v/xk1bQUUfDDzem2FmXpBwprRtf1i5ldW19Y38ZmFre2d3r7h/0FJxKgn1SMxj2QmwopwJ6mmmOe0kkuIo4LQdjK8yv31PpWKxuNOThPoRHgoWMoK1kdq3Xtk97Yf9Ysmu2AbVKsqIU7MdQ+r1muvWkTO3bLsESzT7xffeICZpRIUmHCvVdexE+1MsNSOczgq9VNEEkzEe0q6hAkdU+dP5uTN0YpQBCmNpSmg0V79PTHGk1CQKTGeE9Uj99jLxL6+b6rDmT5lIUk0FWSwKU450jLLf0YBJSjSfGIKJZOZWREZYYqJNQgUTwten6H/ScitOtXJ+c1ZqXC7jyMMRHEMZHLiABlxDEzwgMIYHeIJnK7EerRfrddGas5Yzh/AD1tsnXdKO9w==</latexit>

SU(2)f
<latexit sha1_base64="miRf4yXsCkcn2OD3o2BBIMiZ0hc=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiTiayMU3bisYB/QhjKZ3LRDJw9mJkIJ2bvxV9y4UMStP+DOv3GaRtDWAxcO59w7d+5xY86ksqwvo7S0vLK6Vl6vbGxube+Yu3ttGSWCQotGPBJdl0jgLISWYopDNxZAApdDxx1fT/3OPQjJovBOTWJwAjIMmc8oUVoamNW0nz+SCvAyTDJ8iX8UlyeQYZYNzJpVt3LgRWIXpIYKNAfmZ9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTSfGmGD7XiYT8SukKFc/X3REoCKSeBqzsDokZy3puK/3m9RPkXTsrCOFEQ0tkiP+FYRXgaDPaYAKr4RBNCBdN/xXREBKFKx1fRIdjzJy+S9nHdPquf3p7UGldFHGV0gKroCNnoHDXQDWqiFqLoAT2hF/RqPBrPxpvxPmstGcXMPvoD4+MbZX6bSQ==</latexit>

a = i

<latexit sha1_base64="ZRSjwD11ahIMIjcpak4d2E2btj8="></latexit>

 a
i !  j

i = 1� 3

<latexit sha1_base64="mkpw2oQ0Vkhm2+gE/+lJ+nRvYjw=">AAAB7HicdVBNSwMxEJ2tX7V+VT16CRbBU8lWre2t6MVjBbcttEvJptk2NJtdkqxQSn+DFw+KePUHefPfmG0rqOiDgcd7M8zMCxLBtcH4w8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRZlHYxGrTkA0E1wyz3AjWCdRjESBYO1gfJ357XumNI/lnZkkzI/IUPKQU2Ks5PWCEJ31iyVcxhbVKsqIW8OuJfV6rVKpI3duYVyCJZr94ntvENM0YtJQQbTuujgx/pQow6lgs0Iv1SwhdEyGrGupJBHT/nR+7AydWGWAwljZkgbN1e8TUxJpPYkC2xkRM9K/vUz8y+umJqz5Uy6T1DBJF4vCVCATo+xzNOCKUSMmlhCquL0V0RFRhBqbT8GG8PUp+p+0KmW3Wr64PS81rpZx5OEIjuEUXLiEBtxAEzygwOEBnuDZkc6j8+K8LlpzznLmEH7AefsEWoWOag==</latexit>

3



Comments
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• The             SPT jump between the Higgs and the 
confining phase forces an unexpected phase transition.


• As for fermion mass: can avoid transition by braking      
and    . Then theta-angles are not quantized and no 
transition is needed. This partially explains why the two 
phases still look very similar, even with Yukawas.


• [Thorngren et.al.] recently considered Higgs SPTs 
involving one-form symmetries (absent in QCD). We only 
use SPTs for unbroken, ordinary (zero-form) symmetries.


<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡

<latexit sha1_base64="Y/IPcQD2E2sq5qObI8d49KJv1hk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVZdFNy4r9CXtUDJppg1NMkOSEcrQr3DjQhG3fo47/8Z0OgttPRA4nHMvOfcEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJ3dzvPFGlWSSbZhpTX+CRZCEj2FjpsS+wGesQNQflilt1M6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ9mgWfozCpDFEbKPmlQpv7eSLHQeioCO5kFXPbm4n9eLzHhjZ8yGSeGSrL4KEw4MhGaX4+GTFFi+NQSTBSzWREZY4WJsR2VbAne8smrpH1R9a6qtYfLSv02r6MIJ3AK5+DBNdThHhrQAgICnuEV3hzlvDjvzsditODkO8fwB87nD3NhkDE=</latexit>

T

<latexit sha1_base64="Po5boqcnRDwWE4EjaivE2uLDDtA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9iHtIJk004bmMSQZoQz9CjcuFHHr57jzb0yns9DqgcDhnHPJvSdKODPW97+80tLyyupaeb2ysbm1vVPd3WsblWpCW0RxpbsRNpQzSVuWWU67iaZYRJx2ovH1zO88Um2Yknd2ktBQ4KFkMSPYOum+L7AdmRg1H6o1v+7nQH9JUJAaFHD5z/5AkVRQaQnHxvQCP7FhhrVlhNNppZ8ammAyxkPac1RiQU2Y5QtP0ZFTBihW2j1pUa7+nMiwMGYiIpfMF1z0ZuJ/Xi+18WWYMZmklkoy/yhOObIKza5HA6YpsXziCCaauV0RGWGNiXUdVVwJweLJf0n7pB6c189uT2uNq6KOMhzAIRxDABfQgBtoQgsICHiCF3j1tPfsvXnv82jJK2b24Re8j29tUZAt</latexit>

P



Example 2: SU(3) Higgs-Yukawa QCD

17

Start with three-flavor QCD:              gauge theory with  
 
3 Dirac = 6 Weyl quarks:        
 
quark mass             , flavor symmetry  
 
Add Higgs field       (with potential) and Yukawa couplings:


 
 
Preserves   ,   . 
Pairs quarks in color/flavor anti-symmetric channel.

<latexit sha1_base64="McJee1SN8L6xV5omdY2KGwq0uQ0=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidpKgF48RzALJEHo6PUmbXsbuHiEM+QcvHhTx6v9482/sLAdNfFDweK+KqnpRwpmxvv/t5ZaWV1bX8uuFjc2t7Z3i7l7dqFQTWiOKK92MsKGcSVqzzHLaTDTFIuK0EQ1uxn7jiWrDlLy3w4SGAvckixnB1kl10XlEV36nWPLL/gRokQQzUoIZqp3iV7urSCqotIRjY1qBn9gww9oywumo0E4NTTAZ4B5tOSqxoCbMJteO0JFTuihW2pW0aKL+nsiwMGYoItcpsO2beW8s/ue1UhtfhhmTSWqpJNNFccqRVWj8OuoyTYnlQ0cw0czdikgfa0ysC6jgQgjmX14k9ZNycF4+uzstVa5nceThAA7hGAK4gArcQhVqQOABnuEV3jzlvXjv3se0NefNZvbhD7zPH6lojos=</latexit>

mq > 0

<latexit sha1_base64="mcZhnnjCIybBM8i54Zo4gT/Nkdg="></latexit>

LYukawa = y"abc"
ijkh̄a

i

�
 b
j 

c
k + �̄b

j�̄
c
k

�
<latexit sha1_base64="CYcNpveKIt4pSNFWsLlxdUMdqUo=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr5MUvXisYNpCG8pmu2mXbnbD7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxPOtHHdb6e0srq2vlHerGxt7+zuVfcPWlqmilCfSC5VJ8Saciaob5jhtJMoiuOQ03Y4vpv67SeqNJPi0WQJDWI8FCxiBBsr+Rm6QW6/WnPr7gxomXgFqUGBZr/61RtIksZUGMKx1l3PTUyQY2UY4XRS6aWaJpiM8ZB2LRU4pjrIZ8dO0IlVBiiSypYwaKb+nshxrHUWh7YzxmakF72p+J/XTU10HeRMJKmhgswXRSlHRqLp52jAFCWGZ5Zgopi9FZERVpgYm0/FhuAtvrxMWmd177J+8XBea9wWcZThCI7hFDy4ggbcQxN8IMDgGV7hzRHOi/PufMxbS04xcwh/4Hz+AIlPjd0=</latexit>

y > 0

<latexit sha1_base64="Y/IPcQD2E2sq5qObI8d49KJv1hk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVZdFNy4r9CXtUDJppg1NMkOSEcrQr3DjQhG3fo47/8Z0OgttPRA4nHMvOfcEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJ3dzvPFGlWSSbZhpTX+CRZCEj2FjpsS+wGesQNQflilt1M6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ9mgWfozCpDFEbKPmlQpv7eSLHQeioCO5kFXPbm4n9eLzHhjZ8yGSeGSrL4KEw4MhGaX4+GTFFi+NQSTBSzWREZY4WJsR2VbAne8smrpH1R9a6qtYfLSv02r6MIJ3AK5+DBNdThHhrQAgICnuEV3hzlvDjvzsditODkO8fwB87nD3NhkDE=</latexit>

T
<latexit sha1_base64="Po5boqcnRDwWE4EjaivE2uLDDtA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9iHtIJk004bmMSQZoQz9CjcuFHHr57jzb0yns9DqgcDhnHPJvSdKODPW97+80tLyyupaeb2ysbm1vVPd3WsblWpCW0RxpbsRNpQzSVuWWU67iaZYRJx2ovH1zO88Um2Yknd2ktBQ4KFkMSPYOum+L7AdmRg1H6o1v+7nQH9JUJAaFHD5z/5AkVRQaQnHxvQCP7FhhrVlhNNppZ8ammAyxkPac1RiQU2Y5QtP0ZFTBihW2j1pUa7+nMiwMGYiIpfMF1z0ZuJ/Xi+18WWYMZmklkoy/yhOObIKza5HA6YpsXziCCaauV0RGWGNiXUdVVwJweLJf0n7pB6c189uT2uNq6KOMhzAIRxDABfQgBtoQgsICHiCF3j1tPfsvXnv82jJK2b24Re8j29tUZAt</latexit>

P

<latexit sha1_base64="UHLkgLdu+oWyd8gWmLFJyQF0zio=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5CkT3dFNy4rmrbQhjKZTtqhk0mYmQgl9CPcuFDErd/jzr9x0lZQ0QMXDufcy733+DGjUlnWh5FbW9/Y3MpvF3Z29/YPiodHHRklAhMXRywSPR9JwignrqKKkV4sCAp9Rrr+9Crzu/dESBrxOzWLiReiMacBxUhpqXvrlivnQzwslizzoll3ag60TMtqOJV6RpxG1alAWysZSmCF9rD4PhhFOAkJV5ghKfu2FSsvRUJRzMi8MEgkiRGeojHpa8pRSKSXLs6dwzOtjGAQCV1cwYX6fSJFoZSz0NedIVIT+dvLxL+8fqKCppdSHieKcLxcFCQMqghmv8MRFQQrNtMEYUH1rRBPkEBY6YQKOoSvT+H/pOOYdt2s3VRLrctVHHlwAk5BGdigAVrgGrSBCzCYggfwBJ6N2Hg0XozXZWvOWM0cgx8w3j4BZnGO/A==</latexit>

SU(3)c

<latexit sha1_base64="/OB2AMTy+PkLttItUG0rY6cZT1U="></latexit>

 a
i = ( a

i , �̄
a
i )

<latexit sha1_base64="cVk56MVvcL7SIGy0gzQdmwd69uA=">AAACD3icbZC7TsMwFIadcivlFmBksahATFWCuI0VLIxFohepDZXjnLRWnYtsB6mK8gYsvAoLAwixsrLxNrhphKDlSJZ+ff85PvbvxpxJZVlfRmlhcWl5pbxaWVvf2Nwyt3daMkoEhSaNeCQ6LpHAWQhNxRSHTiyABC6Htju6mvjtexCSReGtGsfgBGQQMp9RojTqm4fDuzTt5fekLk8gwyzL+j9IgJdhoolZtWpWXnhe2IWooqIaffOz50U0CSBUlBMpu7YVKyclQjHKIav0EgkxoSMygK6WIQlAOmm+NMMHmnjYj4Q+ocI5/T2RkkDKceDqzoCooZz1JvA/r5so/8JJWRgnCkI6XeQnHKsIT8LBHhNAFR9rQahg+q2YDokgVOkIKzoEe/bL86J1XLPPaqc3J9X6ZRFHGe2hfXSEbHSO6ugaNVATUfSAntALejUejWfjzXiftpaMYmYX/Snj4xszrJ4J</latexit>

hi
a

<latexit sha1_base64="PZmgnK7LP4lienWPl2accvIuD/k=">AAACFHicbVDLSgMxFM3UV62vUZdugkUQLGWmPjdC0Y3LCvYBbSmZ9LYNzWSGJCOUYT7Cjb/ixoUibl24829MpxW09cCFwzn35uYeL+RMacf5sjILi0vLK9nV3Nr6xuaWvb1TU0EkKVRpwAPZ8IgCzgRUNdMcGqEE4nsc6t7weuzX70EqFog7PQqh7ZO+YD1GiTZSxz6KW+kjsYRugklSwD+CxyNIMEvwJXYLuFTAxx077xSdFHieuFOSR1NUOvZnqxvQyAehKSdKNV0n1O2YSM0ohyTXihSEhA5JH5qGCuKDasfp+gQfGKWLe4E0JTRO1d8TMfGVGvme6fSJHqhZbyz+5zUj3btox0yEkQZBJ4t6Ecc6wOOEcJdJoJqPDCFUMvNXTAdEEqpNjjkTgjt78jyplYruWfH09iRfvprGkUV7aB8dIhedozK6QRVURRQ9oCf0gl6tR+vZerPeJ60Zazqzi/7A+vgGct2dHQ==</latexit>

a, i = 1, 2, 3

<latexit sha1_base64="zNNl14hgrRmOyEJyHsBidpuf/AE=">AAAB/nicdVDLSgMxFM34rPU1Kq7cBIvQbkqmam13pW5cVnTaQjsMmTTThmYeJBmhDAV/xY0LRdz6He78GzNtBRU9cOFwzr3ce48XcyYVQh/G0vLK6tp6biO/ubW9s2vu7bdllAhCbRLxSHQ9LClnIbUVU5x2Y0Fx4HHa8caXmd+5o0KyKLxVk5g6AR6GzGcEKy255qFdtEpuE/YVC6iEN3bxtOT6rllAZaRRrcKMWDVkaVKv1yqVOrRmFkIFsEDLNd/7g4gkAQ0V4VjKnoVi5aRYKEY4neb7iaQxJmM8pD1NQ6yXOens/Ck80coA+pHQFSo4U79PpDiQchJ4ujPAaiR/e5n4l9dLlF9zUhbGiaIhmS/yEw5VBLMs4IAJShSfaIKJYPpWSEZYYKJ0Ynkdwten8H/SrpStavn8+qzQaC7iyIEjcAyKwAIXoAGuQAvYgIAUPIAn8GzcG4/Gi/E6b10yFjMH4AeMt092OJPr</latexit>

U(1)B ⇥ SU(3)f



Phases of  SU(3) HYQCD

18

(C)                   : integrate out Higgs. Leaves QCD with 
                                      . Gapped, trivial SPT.


(H)                   : again take color-flavor locking Higgs vev:


 
            
             fully Higgsed,              unbroken by identifying         .          


New feature:            spontaneously broken:          


Massless Nambu-Goldstone boson; otherwise gapped.

<latexit sha1_base64="YwGJQWziayEb/k5Sj+WTy6yC86M=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3bisYB/QDiWTZtrQJBOTjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeSHFmrO9/eYWl5ZXVteJ6aWNza3unvLvXNEmqCW2QhCe6HWFDOZO0YZnltK00xSLitBWNbqZ+65FqwxJ5b8eKhgIPJIsZwdZJLdF7QFfI75UrftWfAf0lQU4qkKPeK392+wlJBZWWcGxMJ/CVDTOsLSOcTkrd1FCFyQgPaMdRiQU1YTY7d4KOnNJHcaJdSYtm6s+JDAtjxiJynQLboVn0puJ/Xie18WWYMalSSyWZL4pTjmyCpr+jPtOUWD52BBPN3K2IDLHGxLqESi6EYPHlv6R5Ug3Oq2d3p5XadR5HEQ7gEI4hgAuowS3UoQEERvAEL/DqKe/Ze/Pe560FL5/Zh1/wPr4BAKCOtQ==</latexit>

mq > 0

<latexit sha1_base64="SMd8NnaEI0onNRPyIsHE91BKHDk=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBEEoSTF17Loxo1QwT6giWEynbRDJ5MwcyOG0l9x40IRt/6IO//G6WOhrQcuHM65l3vvCVPBNTjOt7W0vLK6tl7YKG5ube/s2nulpk4yRVmDJiJR7ZBoJrhkDeAgWDtVjMShYK1wcD32W49MaZ7Ie8hT5sekJ3nEKQEjBXbpNug/VLEHCT7BHpcR5IFddirOBHiRuDNSRjPUA/vL6yY0i5kEKojWHddJwR8SBZwKNip6mWYpoQPSYx1DJYmZ9oeT20f4yChdHCXKlAQ8UX9PDEmsdR6HpjMm0Nfz3lj8z+tkEF36Qy7TDJik00VRJrD5dBwE7nLFKIjcEEIVN7di2ieKUDBxFU0I7vzLi6RZrbjnlbO703LtahZHAR2gQ3SMXHSBaugG1VEDUfSEntErerNG1ov1bn1MW5es2cw++gPr8wdWAJNd</latexit>

M2
h ! +1

<latexit sha1_base64="A2z4z4YaCSh+KoRP63dEnJD9pT8=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHcWJLia1l040aoYB/QxDCZTtqhk0mYuRFD6a+4caGIW3/EnX/j9LHQ1gMXDufcy733hKngGhzn21paXlldWy9sFDe3tnd27b1SUyeZoqxBE5Godkg0E1yyBnAQrJ0qRuJQsFY4uB77rUemNE/kPeQp82PSkzzilICRArt0G/QfqtiDBJ9gj8sI8sAuOxVnArxI3Bkpoxnqgf3ldROaxUwCFUTrjuuk4A+JAk4FGxW9TLOU0AHpsY6hksRM+8PJ7SN8ZJQujhJlSgKeqL8nhiTWOo9D0xkT6Ot5byz+53UyiC79IZdpBkzS6aIoE9h8Og4Cd7liFERuCKGKm1sx7RNFKJi4iiYEd/7lRdKsVtzzytndabl2NYujgA7QITpGLrpANXSD6qiBKHpCz+gVvVkj68V6tz6mrUvWbGYf/YH1+QNZFpNf</latexit>

M2
h ! �1

<latexit sha1_base64="xBWW2Jl7WmpX39UYW2/ScSqgtv4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUnE17LYjcsK9gFNKJPptB06mYSZSaXEfoobF4q49Uvc+TdO2iy09cDA4Zx7uWdOEHOmtON8W4W19Y3NreJ2aWd3b//ALh+2VJRIQpsk4pHsBFhRzgRtaqY57cSS4jDgtB2M65nfnlCpWCQe9DSmfoiHgg0YwdpIPbs8QR4TKPVCrEdBgOqznl1xqs4caJW4OalAjkbP/vL6EUlCKjThWKmu68TaT7HUjHA6K3mJojEmYzykXUMFDqny03n0GTo1Sh8NImme0Giu/t5IcajUNAzMZJZQLXuZ+J/XTfTgxk+ZiBNNBVkcGiQc6QhlPaA+k5RoPjUEE8lMVkRGWGKiTVslU4K7/OVV0jqvulfVy/uLSu02r6MIx3ACZ+DCNdTgDhrQBAKP8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QNY15Nt</latexit>

v 2 C

<latexit sha1_base64="dmZ2ZkdfDvPeGQ4sxFBC15UzU/Q=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBBiE3Z9N0LQxjKCeUA2CbOTm2TI7OwyMxsIS3obf8XGQhFbf8DOv3GSbKGJBy4czrmXe+/xI86Udpxva2l5ZXVtPbOR3dza3tm19/arKowlhQoNeSjrPlHAmYCKZppDPZJAAp9DzR/cTvzaEKRioXjQowiaAekJ1mWUaCO17ZzHiehxwF4HNC7026TFjj05067xELdO23beKTpT4EXipiSPUpTb9pfXCWkcgNCUE6UarhPpZkKkZpTDOOvFCiJCB6QHDUMFCUA1k+kvY3xklA7uhtKU0Hiq/p5ISKDUKPBNZ0B0X817E/E/rxHr7lUzYSKKNQg6W9SNOdYhngSDO0wC1XxkCKGSmVsx7RNJqDbxZU0I7vzLi6R6UnQviuf3Z/nSTRpHBh2iHCogF12iErpDZVRBFD2iZ/SK3qwn68V6tz5mrUtWOnOA/sD6/AF5zplq</latexit>

hdet(hi
a)i = v3

<latexit sha1_base64="YtOVKirp6FWcyE4GN25aJ59KVQU=">AAACP3icjVBJSwMxGM3Urdat6tFLsAieyoy4XYSiF48V7AJtHTKZb9rQzEKSKZQh/8yLf8GbVy8eFPHqzXRBtPXgg8DjvfflS56XcCaVbT9ZuYXFpeWV/GphbX1jc6u4vVOXcSoo1GjMY9H0iATOIqgppjg0EwEk9Dg0vP7VyG8MQEgWR7dqmEAnJN2IBYwSZSS3WO+5WdYe35MJ8DUmWt99Kx5PQWOmNb7AA9z2gSvyr7xbLNlleww8T5wpKaEpqm7xse3HNA0hUpQTKVuOnahORoRilIMutFMJCaF90oWWoREJQXay8VaND4zi4yAW5kQKj9WfExkJpRyGnkmGRPXkrDcS//JaqQrOOxmLklRBRCeLgpRjFeNRmdhnAqjiQ0MIFcy8FdMeEYQqU3nBlODMfnme1I/Kzmn55Oa4VLmc1pFHe2gfHSIHnaEKukZVVEMU3aNn9IrerAfrxXq3PibRnDWd2UW/YH1+AYN7stI=</latexit>

hi
a = v�ia

<latexit sha1_base64="UHLkgLdu+oWyd8gWmLFJyQF0zio=">AAAB7nicdVDLSsNAFJ3UV62vqks3g0Wom5CkT3dFNy4rmrbQhjKZTtqhk0mYmQgl9CPcuFDErd/jzr9x0lZQ0QMXDufcy733+DGjUlnWh5FbW9/Y3MpvF3Z29/YPiodHHRklAhMXRywSPR9JwignrqKKkV4sCAp9Rrr+9Crzu/dESBrxOzWLiReiMacBxUhpqXvrlivnQzwslizzoll3ag60TMtqOJV6RpxG1alAWysZSmCF9rD4PhhFOAkJV5ghKfu2FSsvRUJRzMi8MEgkiRGeojHpa8pRSKSXLs6dwzOtjGAQCV1cwYX6fSJFoZSz0NedIVIT+dvLxL+8fqKCppdSHieKcLxcFCQMqghmv8MRFQQrNtMEYUH1rRBPkEBY6YQKOoSvT+H/pOOYdt2s3VRLrctVHHlwAk5BGdigAVrgGrSBCzCYggfwBJ6N2Hg0XozXZWvOWM0cgx8w3j4BZnGO/A==</latexit>

SU(3)c
<latexit sha1_base64="nE4q8dZWpFbXtsW16Zw28mpInfE=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSLUS0mq1vZW9OKxomkLbSib7aZdutmE3Y1QQn+EFw+KePX3ePPfuGkrqOiDgcd7M8zM82POlLbtD2tpeWV1bT23kd/c2t7ZLeztt1SUSEJdEvFIdnysKGeCupppTjuxpDj0OW3746vMb99TqVgk7vQkpl6Ih4IFjGBtpPatWzo96Qf9QtEu2wbVKsqIU7MdQ+r1WqVSR87Msu0iLNDsF957g4gkIRWacKxU17Fj7aVYakY4neZ7iaIxJmM8pF1DBQ6p8tLZuVN0bJQBCiJpSmg0U79PpDhUahL6pjPEeqR+e5n4l9dNdFDzUibiRFNB5ouChCMdoex3NGCSEs0nhmAimbkVkRGWmGiTUN6E8PUp+p+0KmWnWj6/OSs2Lhdx5OAQjqAEDlxAA66hCS4QGMMDPMGzFVuP1ov1Om9dshYzB/AD1tsnX1mO+A==</latexit>

SU(3)f
<latexit sha1_base64="miRf4yXsCkcn2OD3o2BBIMiZ0hc=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vgqiTiayMU3bisYB/QhjKZ3LRDJw9mJkIJ2bvxV9y4UMStP+DOv3GaRtDWAxcO59w7d+5xY86ksqwvo7S0vLK6Vl6vbGxube+Yu3ttGSWCQotGPBJdl0jgLISWYopDNxZAApdDxx1fT/3OPQjJovBOTWJwAjIMmc8oUVoamNW0nz+SCvAyTDJ8iX8UlyeQYZYNzJpVt3LgRWIXpIYKNAfmZ9+LaBJAqCgnUvZsK1ZOSoRilENW6ScSYkLHZAg9TUMSgHTSfGmGD7XiYT8SukKFc/X3REoCKSeBqzsDokZy3puK/3m9RPkXTsrCOFEQ0tkiP+FYRXgaDPaYAKr4RBNCBdN/xXREBKFKx1fRIdjzJy+S9nHdPquf3p7UGldFHGV0gKroCNnoHDXQDWqiFqLoAT2hF/RqPBrPxpvxPmstGcXMPvoD4+MbZX6bSQ==</latexit>

a = i

<latexit sha1_base64="hRfGFki3ChHQAZ51+ZDUQNiPypg=">AAAB7XicdVBNSwMxEM36WetX1aOXYBHqpWSL1vZW6sVjBbcttEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zMC2LOtEHow1lZXVvf2Mxt5bd3dvf2CweHbS0TRahHJJeqG2BNORPUM8xw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2l7JPRs0B4UiKiOLahVmxK0h15J6vVap1KE7txAqgiVag8J7fyhJElFhCMda91wUGz/FyjDC6SzfTzSNMZngEe1ZKnBEtZ/Or53BU6sMYSiVLWHgXP0+keJI62kU2M4Im7H+7WXiX14vMWHNT5mIE0MFWSwKEw6NhNnrcMgUJYZPLcFEMXsrJGOsMDE2oLwN4etT+D9pV8putXxxc15sNJdx5MAxOAEl4IJL0ADXoAU8QMAdeABP4NmRzqPz4rwuWlec5cwR+AHn7ROBAI51</latexit>

U(1)B
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Massless            Nambu-Goldstone boson can in principle 
render the             SPTs meaningless (remove via field 
redefinition). Subtle; believed to require a mixed anomaly 
between            and gravity, which is absent. Thus we can 
still meaningfully ask whether                 in Higgs phase.


Fermions transform under unbroken             : 
 
 
Masses:  
  
At large vevs, 9 fermions flip sign:            (and also            )

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡

<latexit sha1_base64="YmknCvDKBDtZ6N7QJF+3UkBSIVs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoivjZC0Y3LCvYBTQiT6bQdOpmEmRulxH6KGxeKuPVL3Pk3TtsstPXAhcM593LvPWEiuAbH+bYKS8srq2vF9dLG5tb2jl3ebeo4VZQ1aCxi1Q6JZoJL1gAOgrUTxUgUCtYKhzcTv/XAlOaxvIdRwvyI9CXvcUrASIFd9mDAgAR9fIWdY+wlPLArTtWZAi8SNycVlKMe2F9eN6ZpxCRQQbTuuE4CfkYUcCrYuOSlmiWEDkmfdQyVJGLaz6anj/GhUbq4FytTEvBU/T2RkUjrURSazojAQM97E/E/r5NC79LPuExSYJLOFvVSgSHGkxxwlytGQYwMIVRxcyumA6IIBZNWyYTgzr+8SJonVfe8enZ3Wqld53EU0T46QEfIRReohm5RHTUQRY/oGb2iN+vJerHerY9Za8HKZ/bQH1ifP1jZksU=</latexit>

✓g = 0,⇡

<latexit sha1_base64="hRfGFki3ChHQAZ51+ZDUQNiPypg=">AAAB7XicdVBNSwMxEM36WetX1aOXYBHqpWSL1vZW6sVjBbcttEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zMC2LOtEHow1lZXVvf2Mxt5bd3dvf2CweHbS0TRahHJJeqG2BNORPUM8xw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2l7JPRs0B4UiKiOLahVmxK0h15J6vVap1KE7txAqgiVag8J7fyhJElFhCMda91wUGz/FyjDC6SzfTzSNMZngEe1ZKnBEtZ/Or53BU6sMYSiVLWHgXP0+keJI62kU2M4Im7H+7WXiX14vMWHNT5mIE0MFWSwKEw6NhNnrcMgUJYZPLcFEMXsrJGOsMDE2oLwN4etT+D9pV8putXxxc15sNJdx5MAxOAEl4IJL0ADXoAU8QMAdeABP4NmRzqPz4rwuWlec5cwR+AHn7ROBAI51</latexit>

U(1)B

<latexit sha1_base64="hRfGFki3ChHQAZ51+ZDUQNiPypg=">AAAB7XicdVBNSwMxEM36WetX1aOXYBHqpWSL1vZW6sVjBbcttEvJptk2NpssSVYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zMC2LOtEHow1lZXVvf2Mxt5bd3dvf2CweHbS0TRahHJJeqG2BNORPUM8xw2o0VxVHAaSeYXGV+554qzaS4NdOY+hEeCRYygo2V2l7JPRs0B4UiKiOLahVmxK0h15J6vVap1KE7txAqgiVag8J7fyhJElFhCMda91wUGz/FyjDC6SzfTzSNMZngEe1ZKnBEtZ/Or53BU6sMYSiVLWHgXP0+keJI62kU2M4Im7H+7WXiX14vMWHNT5mIE0MFWSwKEw6NhNnrcMgUJYZPLcFEMXsrJGOsMDE2oLwN4etT+D9pV8putXxxc15sNJdx5MAxOAEl4IJL0ADXoAU8QMAdeABP4NmRzqPz4rwuWlec5cwR+AHn7ROBAI51</latexit>

U(1)B

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡

<latexit sha1_base64="e3F1rCJhBempu+X0YNiiuvTGIEI="></latexit>

 a
i !  j

i = 1� 8
<latexit sha1_base64="26GZ1DgFA7lSe3JpTwrmQ3QdzwM="></latexit>

�i
a ! �i

j = 1� 8

<latexit sha1_base64="nE4q8dZWpFbXtsW16Zw28mpInfE=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSLUS0mq1vZW9OKxomkLbSib7aZdutmE3Y1QQn+EFw+KePX3ePPfuGkrqOiDgcd7M8zM82POlLbtD2tpeWV1bT23kd/c2t7ZLeztt1SUSEJdEvFIdnysKGeCupppTjuxpDj0OW3746vMb99TqVgk7vQkpl6Ih4IFjGBtpPatWzo96Qf9QtEu2wbVKsqIU7MdQ+r1WqVSR87Msu0iLNDsF957g4gkIRWacKxU17Fj7aVYakY4neZ7iaIxJmM8pF1DBQ6p8tLZuVN0bJQBCiJpSmg0U79PpDhUahL6pjPEeqR+e5n4l9dNdFDzUibiRFNB5ouChCMdoex3NGCSEs0nhmAimbkVkRGWmGiTUN6E8PUp+p+0KmWnWj6/OSs2Lhdx5OAQjqAEDlxAA66hCS4QGMMDPMGzFVuP1ov1Om9dshYzB/AD1tsnX1mO+A==</latexit>

SU(3)f

<latexit sha1_base64="2T0HCqkWL5X3hdVN04jcqsIALlI=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiTiayMU3bgRKtgHNCFMppN26EwSZyaFEPoFbvwVNy4UcevanX/jNM1CWw9cOJxz78y9x48Zlcqyvo3S0vLK6lp5vbKxubW9Y+7utWWUCExaOGKR6PpIEkZD0lJUMdKNBUHcZ6Tjj66nfmdMhKRReK/SmLgcDUIaUIyUljyzdutlTv5M5rOETKDjB9CewEvIvQfoxByewHTsmVWrbuWAi8QuSBUUaHrml9OPcMJJqDBDUvZsK1ZuhoSimJFJxUkkiREeoQHpaRoiTqSb5XtMYE0rfRhEQleoYK7+nsgQlzLlvu7kSA3lvDcV//N6iQou3IyGcaJIiGcfBQmDKoLTbGCfCoIVSzVBWFC9K8RDJBBWOsGKDsGeP3mRtI/r9ln99O6k2rgq4iiDA3AIjoANzkED3IAmaAEMHsEzeAVvxpPxYrwbH7PWklHM7IM/MD5/ADwBmvE=</latexit>

M1 = mq ± 4yv
<latexit sha1_base64="oAO7VMr4yyCQi4h/5ijJ6PDDGZc=">AAACDnicbVDLSsNAFJ3UV62vqks3g6XgqiT1uRGKbtwIFewDmhAm00k7dCaJM5NCCPkCN/6KGxeKuHXtzr9xmnahrQcuHM65d+be40WMSmWa30ZhaXllda24XtrY3NreKe/utWUYC0xaOGSh6HpIEkYD0lJUMdKNBEHcY6Tjja4nfmdMhKRhcK+SiDgcDQLqU4yUltxy9dZN7fyZ1GMxyaDt+fA4g5eQuw/Qjjisw2TslitmzcwBF4k1IxUwQ9Mtf9n9EMecBAozJGXPMiPlpEgoihnJSnYsSYTwCA1IT9MAcSKdNN8jg1Wt9KEfCl2Bgrn6eyJFXMqEe7qTIzWU895E/M/rxcq/cFIaRLEiAZ5+5McMqhBOsoF9KghWLNEEYUH1rhAPkUBY6QRLOgRr/uRF0q7XrLPa6d1JpXE1i6MIDsAhOAIWOAcNcAOaoAUweATP4BW8GU/Gi/FufExbC8ZsZh/8gfH5AzwbmvE=</latexit>

M3 = mq ± 2yv

<latexit sha1_base64="C/Zxt15wR5YK/RYbHxv27P9fD2s=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDTqUma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqODR4LGPV9pkGKSJooEAJ7UQBC30JLX94M/Fbj6C0iKN7HCXghawfiUBwhkZ6cHEAyLoBvaJuIrrlil21p6CLxMlJheSod8tfbi/maQgRcsm07jh2gl7GFAouYVxyUw0J40PWh46hEQtBe9n06jE9MkqPBrEyFSGdqr8nMhZqPQp90xkyHOh5byL+53VSDC69TERJihDx2aIglRRjOomA9oQCjnJkCONKmFspHzDFOJqgSiYEZ/7lRdI8qTrn1bO700rtOo+jSA7IITkmDrkgNXJL6qRBOFHkmbySN+vJerHerY9Za8HKZ/bJH1ifP6cvkfk=</latexit>

✓f = ⇡
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Deform theory by adding            flavor singlet operator:  
 
 
Preserves   ,    . Lifts the Nambu-Goldstone boson: Higgs 
phases now gapped and naively indistinguishable from the 
confining phase. Still find             jump, forcing a transition.


This is an important sanity check that the SPT indeed has 
robust consequences, even in the            gapless case. 


Similarly,             is robust against breaking              via 
generic quark masses.

<latexit sha1_base64="IGBawcBVkB1DLMPpQPdVo0XbRtU=">AAACEnicbVA9SwNBEN3z2/gVtbRZDII24U78agRRCwsLBaOBXAxzm0myuLd37M4J4chvsPGv2FgoYmtl579xE1P49WDg8d4MM/OiVElLvv/hjYyOjU9MTk0XZmbn5heKi0uXNsmMwIpIVGKqEVhUUmOFJCmspgYhjhReRTdHff/qFo2Vib6gbor1GNpatqQAclKjuBEeoyLgeShA8dMe3+fhLRhMrVSJ5mETab3TgGu50SiW/LI/AP9LgiEpsSHOGsX3sJmILEZNQoG1tcBPqZ6DISkU9gphZjEFcQNtrDmqIUZbzwcv9fiaU5q8lRhXmvhA/T6RQ2xtN45cZwzUsb+9vvifV8uotVfPpU4zQi2+FrUyxSnh/Xx4UxoUpLqOgDDS3cpFBwwIcikWXAjB75f/ksvNcrBT3j7fKh0cDuOYYitsla2zgO2yA3bCzliFCXbHHtgTe/buvUfvxXv9ah3xhjPL7Ae8t09z1Jy6</latexit>

�L = " det(hi
a)

<latexit sha1_base64="hlWemS0haAJlp9eSo0BHhtojCnk=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqewWvy5CqRePFdy20C4lm2bb0Gx2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvCARXBvH+UaFtfWNza3idmlnd2//oHx41NJxqijzaCxi1QmIZoJL5hluBOskipEoEKwdjO9mfvuJKc1j+WgmCfMjMpQ85JQYK3kNfItr/XLFqTpz4FXi5qQCOZr98ldvENM0YtJQQbTuuk5i/Iwow6lg01Iv1SwhdEyGrGupJBHTfjY/dorPrDLAYaxsSYPn6u+JjERaT6LAdkbEjPSyNxP/87qpCW/8jMskNUzSxaIwFdjEePY5HnDFqBETSwhV3N6K6YgoQo3Np2RDcJdfXiWtWtW9ql4+XFTqjTyOIpzAKZyDC9dQh3toggcUODzDK7whiV7QO/pYtBZQPnMMf4A+fwA2mY2n</latexit>

B = 2

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡

<latexit sha1_base64="NdDxaYuehVirsYI02t6Vrz6OPqE=">AAACBXicbVDLSsNAFL2pr1pfUZe6GCyCq5KIr2XRjcsq9gFNKJPppB06mYSZSaGEbtz4K25cKOLWf3Dn3zhts9DWAxcO59zLvfcECWdKO863VVhaXlldK66XNja3tnfs3b2GilNJaJ3EPJatACvKmaB1zTSnrURSHAWcNoPBzcRvDqlULBYPepRQP8I9wUJGsDZSxz70hljSRDEeC+QxgVDmRVj3gwDdjzt22ak4U6BF4uakDDlqHfvL68YkjajQhGOl2q6TaD/DUjPC6bjkpYommAxwj7YNFTiiys+mX4zRsVG6KIylKaHRVP09keFIqVEUmM7JhWrem4j/ee1Uh1d+xkSSairIbFGYcqRjNIkEdZmkRPORIZhIZm5FpI8lJtoEVzIhuPMvL5LGacW9qJzfnZWr13kcRTiAIzgBFy6hCrdQgzoQeIRneIU368l6sd6tj1lrwcpn9uEPrM8f6G+YMw==</latexit>

" 2 R
<latexit sha1_base64="Y/IPcQD2E2sq5qObI8d49KJv1hk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVZdFNy4r9CXtUDJppg1NMkOSEcrQr3DjQhG3fo47/8Z0OgttPRA4nHMvOfcEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJ3dzvPFGlWSSbZhpTX+CRZCEj2FjpsS+wGesQNQflilt1M6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ9mgWfozCpDFEbKPmlQpv7eSLHQeioCO5kFXPbm4n9eLzHhjZ8yGSeGSrL4KEw4MhGaX4+GTFFi+NQSTBSzWREZY4WJsR2VbAne8smrpH1R9a6qtYfLSv02r6MIJ3AK5+DBNdThHhrQAgICnuEV3hzlvDjvzsditODkO8fwB87nD3NhkDE=</latexit>

T
<latexit sha1_base64="Po5boqcnRDwWE4EjaivE2uLDDtA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9iHtIJk004bmMSQZoQz9CjcuFHHr57jzb0yns9DqgcDhnHPJvSdKODPW97+80tLyyupaeb2ysbm1vVPd3WsblWpCW0RxpbsRNpQzSVuWWU67iaZYRJx2ovH1zO88Um2Yknd2ktBQ4KFkMSPYOum+L7AdmRg1H6o1v+7nQH9JUJAaFHD5z/5AkVRQaQnHxvQCP7FhhrVlhNNppZ8ammAyxkPac1RiQU2Y5QtP0ZFTBihW2j1pUa7+nMiwMGYiIpfMF1z0ZuJ/Xi+18WWYMZmklkoy/yhOObIKza5HA6YpsXziCCaauV0RGWGNiXUdVVwJweLJf0n7pB6c189uT2uNq6KOMhzAIRxDABfQgBtoQgsICHiCF3j1tPfsvXnv82jJK2b24Re8j29tUZAt</latexit>

P

<latexit sha1_base64="PWBtCBy7Mg3H8IHvweeEgmaNrew=">AAAB+nicbVDLSgNBEOz1GeNro0cvg0HwFHbF1zHoxWME84DsEmYns8mQ2ZllZjYSYj7FiwdFvPol3vwbJ8keNLGgoajqprsrSjnTxvO+nZXVtfWNzcJWcXtnd2/fLR00tMwUoXUiuVStCGvKmaB1wwynrVRRnEScNqPB7dRvDqnSTIoHM0ppmOCeYDEj2Fip45aCIVY01YxLgQIjkddxy17FmwEtEz8nZchR67hfQVeSLKHCEI61bvteasIxVoYRTifFINM0xWSAe7RtqcAJ1eF4dvoEnVili2KpbAmDZurviTFOtB4lke1MsOnrRW8q/ue1MxNfh2Mm0sxQQeaL4owj++I0B9RlihLDR5Zgopi9FZE+VpgYm1bRhuAvvrxMGmcV/7JycX9ert7kcRTgCI7hFHy4gircQQ3qQOARnuEV3pwn58V5dz7mrStOPnMIf+B8/gDAjJOt</latexit>

" ! 0

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡
<latexit sha1_base64="zf7nXAn9Y/EN8es6Ai0lutENnwI=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBHqpez6fSx68VjRbQvtUrJptg3NZpckK5SlP8KLB0W8+nu8+W9M2z1o64OBx3szzMwLEsG1cZxvtLS8srq2Xtgobm5t7+yW9vYbOk4VZR6NRaxaAdFMcMk8w41grUQxEgWCNYPh7cRvPjGleSwfzShhfkT6koecEmOl5oNXOTvpht1S2ak6U+BF4uakDDnq3dJXpxfTNGLSUEG0brtOYvyMKMOpYONiJ9UsIXRI+qxtqSQR0342PXeMj63Sw2GsbEmDp+rviYxEWo+iwHZGxAz0vDcR//PaqQmv/YzLJDVM0tmiMBXYxHjyO+5xxagRI0sIVdzeiumAKEKNTahoQ3DnX14kjdOqe1m9uD8v127yOApwCEdQAReuoAZ3UAcPKAzhGV7hDSXoBb2jj1nrEspnDuAP0OcPCBSOuw==</latexit>

SU(3)f



21

Part 4: QCD at Finite Baryon Density



Finite Density QCD
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Ordinary QCD: 3 degenerate flavors, quark mass 
            chemical potential       (preserves   ,   ; sign problem) 
 
 
 
 
 
 
 
[Schäfer, Wilczek] conjecture: Higgs-confinement (or quark-
hadron) continuity in the             breaking superfluid phase. 

<latexit sha1_base64="YwGJQWziayEb/k5Sj+WTy6yC86M=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr5UU3bisYB/QDiWTZtrQJBOTjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeSHFmrO9/eYWl5ZXVteJ6aWNza3unvLvXNEmqCW2QhCe6HWFDOZO0YZnltK00xSLitBWNbqZ+65FqwxJ5b8eKhgIPJIsZwdZJLdF7QFfI75UrftWfAf0lQU4qkKPeK392+wlJBZWWcGxMJ/CVDTOsLSOcTkrd1FCFyQgPaMdRiQU1YTY7d4KOnNJHcaJdSYtm6s+JDAtjxiJynQLboVn0puJ/Xie18WWYMalSSyWZL4pTjmyCpr+jPtOUWD52BBPN3K2IDLHGxLqESi6EYPHlv6R5Ug3Oq2d3p5XadR5HEQ7gEI4hgAuowS3UoQEERvAEL/DqKe/Ze/Pe560FL5/Zh1/wPr4BAKCOtQ==</latexit>

mq > 0
<latexit sha1_base64="T+pQakZJLHDGJvM9uZQCC3eAArc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUs9eKxgtsW2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTsc38z89iNVmklxbyYJDWI8FCxiBBsrtfyqd9pv9MsVt+bOgf4SLycVyNHslz97A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6scoARVLZEgbN1Z8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZf/ktaZzXvsnZxd16pN/I4inAEx1AFD66gDrfQBB8IPMATvMCrI51n5815X7QWnHzmEH7B+fgGKbuOOA==</latexit>

U(1)B
<latexit sha1_base64="Po5boqcnRDwWE4EjaivE2uLDDtA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9iHtIJk004bmMSQZoQz9CjcuFHHr57jzb0yns9DqgcDhnHPJvSdKODPW97+80tLyyupaeb2ysbm1vVPd3WsblWpCW0RxpbsRNpQzSVuWWU67iaZYRJx2ovH1zO88Um2Yknd2ktBQ4KFkMSPYOum+L7AdmRg1H6o1v+7nQH9JUJAaFHD5z/5AkVRQaQnHxvQCP7FhhrVlhNNppZ8ammAyxkPac1RiQU2Y5QtP0ZFTBihW2j1pUa7+nMiwMGYiIpfMF1z0ZuJ/Xi+18WWYMZmklkoy/yhOObIKza5HA6YpsXziCCaauV0RGWGNiXUdVVwJweLJf0n7pB6c189uT2uNq6KOMhzAIRxDABfQgBtoQgsICHiCF3j1tPfsvXnv82jJK2b24Re8j29tUZAt</latexit>

P
<latexit sha1_base64="Y/IPcQD2E2sq5qObI8d49KJv1hk=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVZdFNy4r9CXtUDJppg1NMkOSEcrQr3DjQhG3fo47/8Z0OgttPRA4nHMvOfcEMWfauO63U1hb39jcKm6Xdnb39g/Kh0dtHSWK0BaJeKS6AdaUM0lbhhlOu7GiWAScdoLJ3dzvPFGlWSSbZhpTX+CRZCEj2FjpsS+wGesQNQflilt1M6BV4uWkAjkag/JXfxiRRFBpCMda9zw3Nn6KlWGE01mpn2gaYzLBI9qzVGJBtZ9mgWfozCpDFEbKPmlQpv7eSLHQeioCO5kFXPbm4n9eLzHhjZ8yGSeGSrL4KEw4MhGaX4+GTFFi+NQSTBSzWREZY4WJsR2VbAne8smrpH1R9a6qtYfLSv02r6MIJ3AK5+DBNdThHhrQAgICnuEV3hzlvDjvzsditODkO8fwB87nD3NhkDE=</latexit>

T

<latexit sha1_base64="zf7nXAn9Y/EN8es6Ai0lutENnwI=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBHqpez6fSx68VjRbQvtUrJptg3NZpckK5SlP8KLB0W8+nu8+W9M2z1o64OBx3szzMwLEsG1cZxvtLS8srq2Xtgobm5t7+yW9vYbOk4VZR6NRaxaAdFMcMk8w41grUQxEgWCNYPh7cRvPjGleSwfzShhfkT6koecEmOl5oNXOTvpht1S2ak6U+BF4uakDDnq3dJXpxfTNGLSUEG0brtOYvyMKMOpYONiJ9UsIXRI+qxtqSQR0342PXeMj63Sw2GsbEmDp+rviYxEWo+iwHZGxAz0vDcR//PaqQmv/YzLJDVM0tmiMBXYxHjyO+5xxagRI0sIVdzeiumAKEKNTahoQ3DnX14kjdOqe1m9uD8v127yOApwCEdQAReuoAZ3UAcPKAzhGV7hDSXoBb2jj1nrEspnDuAP0OcPCBSOuw==</latexit>

SU(3)f
<latexit sha1_base64="N1zgXLBPI3FHGiT7pMvwGzazPZY=">AAAB+XicbVDLSgMxFM34rPU16tLNYBFclRnxtSy6cVnBPqAdSia9bUOTzJDcKZahf+LGhSJu/RN3/o1pOwttPRA4nHMv9+REieAGff/bWVldW9/YLGwVt3d29/bdg8O6iVPNoMZiEetmRA0IrqCGHAU0Ew1URgIa0fBu6jdGoA2P1SOOEwgl7Sve44yilTqu20Z4wsyMpQTUnE06bskv+zN4yyTISYnkqHbcr3Y3ZqkEhUxQY1qBn2CYUY2cCZgU26mBhLIh7UPLUkUlmDCbJZ94p1bper1Y26fQm6m/NzIqjc0W2UlJcWAWvan4n9dKsXcTZlwlKYJi80O9VHgYe9MavC7XwFCMLaFMc5vVYwOqKUNbVtGWECx+eZnUz8vBVfny4aJUuc3rKJBjckLOSECuSYXckyqpEUZG5Jm8kjcnc16cd+djPrri5DtH5A+czx+XLZRL</latexit>

symmetric
<latexit sha1_base64="ItXPp3NapdunGM/uXItTz5Th210=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8cI5gHJEmYns8mQ2Z1lplcMSz7DiwdFvPo13vwbJ8keNLFgoKjq7umuIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVjDeYkkq3A2q4FDFvoEDJ24nmNAokbwWj26nfeuTaCBU/4DjhfkQHsQgFo2ilThf5E2bMDpj0yhW36s5AlomXkwrkqPfKX92+YmnEY2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesTSmETd+Nlt5Qk6s0ieh0vbFSGbq746MRsaMo8BWRhSHZtGbiv95nRTDaz8TcZIij9n8ozCVBBWZ3k/6QnOGcmwJZVrYXQkbUk0Z2pRKNgRv8eRl0jyrepfVi/vzSu0mj6MIR3AMp+DBFdTgDurQAAYKnuEV3hx0Xpx352NeWnDynkP4A+fzB97ckac=</latexit>case

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="ygy8cUo8t2KiErpAMT00N/HANM4=">AAAB/nicbVDJSgNBEO1xjXEbFU9eGoMQL2FG3I4hXjxGMAskIfR0KkmTnp6hu0YMQ8Bf8eJBEa9+hzf/xs5y0MQHBY/3qqiqF8RSGPS8b2dpeWV1bT2zkd3c2t7Zdff2qyZKNIcKj2Sk6wEzIIWCCgqUUI81sDCQUAsGN2O/9gDaiEjd4zCGVsh6SnQFZ2iltnvYRHjENNDRABQd0UreP22X2m7OK3gT0EXiz0iOzFBuu1/NTsSTEBRyyYxp+F6MrZRpFFzCKNtMDMSMD1gPGpYqFoJppZPzR/TEKh3ajbQthXSi/p5IWWjMMAxsZ8iwb+a9sfif10iwe91KhYoTBMWni7qJpBjRcRa0IzRwlENLGNfC3kp5n2nG0SaWtSH48y8vkupZwb8sXNyd54qlWRwZckSOSZ745IoUyS0pkwrhJCXP5JW8OU/Oi/PufExbl5zZzAH5A+fzB/s8lNk=</latexit>

broken U(1)B

<latexit sha1_base64="w18HnMtIsJ/gXwdv0JmvYS1FdSc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VTFtoQ9lsN+3S3U3Y3Qgh9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M38zhNVmsXy0WQJDQQeSRYxgo2V/L5IB81BtebW3TnQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggx8owwum00k81TTCZ4BHtWSqxoDrI58dO0ZlVhiiKlS1p0Fz9PZFjoXUmQtspsBnrZW8m/uf1UhPdBjmTSWqoJItFUcqRidHsczRkihLDM0swUczeisgYK0yMzadiQ/CWX14l7Yu6d12/erisNZpFHGU4gVM4Bw9uoAH30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/oV6OlQ==</latexit>µB
<latexit sha1_base64="4LyNbm7VdR+JC3HL2eG98d7wlk8=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkG8xooixMDQCvqQmqpyXLe1aieRfYOoov4BC7/CwgBCrKxs/A1umwFajnSlo3Pute89fiS4Bsf5tubmFxaXljMr2dW19Y1Ne2u7qsNYUVahoQhV3SeaCR6wCnAQrB4pRqQvWM3vF0d+7Z4pzcPgDgYRa0rSDXiHUwJGatkHnoxbHrAHSG6vhhh7mkvs3ZgH2iTVy8XLYcvOOXlnDDxL3JTkUIpSy/7y2iGNJQuACqJ1w3UiaCZEAaeCDbNerFlEaJ90WcPQgEimm8n4niHeN0obd0JlKgA8Vn9PJERqPZC+6ZQEenraG4n/eY0YOufNhAdRDCygk486scAQ4lE4uM0VoyAGhhCquNkV0x5RhIKJMGtCcKdPniXVo7x7mj8pH+cKF2kcGbSL9tAhctEZKqBrVEIVRNEjekav6M16sl6sd+tj0jpnpTM76A+szx+tH5xy</latexit>

µSF ⇠ ⇤QCD

<latexit sha1_base64="Czit0TgwAAmHVT0hGneWOOzi2ZI=">AAAB9HicdVDLSgNBEJz1GeMr6tHLYBA8hd01JvEW9OIxgkmEZJHZSW8cnH040yuGJd/hxYMiXv0Yb/6Ns0kEFS1oKKq66e7yEyk02vaHNTe/sLi0XFgprq6tb2yWtrY7Ok4VhzaPZawufaZBigjaKFDCZaKAhb6Ern9zmvvdO1BaxNEFjhLwQjaMRCA4QyN5fYR7zIYsSWAwviqV7cpxo+YeudSu2HbdPazlxK1X3UPqGCVHmczQuiq99wcxT0OIkEumdc+xE/QyplBwCeNiP9WQMH7DhtAzNGIhaC+bHD2m+0YZ0CBWpiKkE/X7RMZCrUehbzpDhtf6t5eLf3m9FIOGl4koSREiPl0UpJJiTPME6EAo4ChHhjCuhLmV8mumGEeTU9GE8PUp/Z903IpTqxydV8vNk1kcBbJL9sgBcUidNMkZaZE24eSWPJAn8mzdWY/Wi/U6bZ2zZjM75Aest0/YdJLU</latexit>

gapped
<latexit sha1_base64="ZklUmQseorpqnbQZTR+JVtrRtPg=">AAAB+HicdVDLSgMxFM3UV62PVl26CRbBVZlOn+6KblxWsA9oS8mkmTY0kxmSO2Id+iVuXCji1k9x59+YaSuo6IELh3PuTe49bii4Btv+sFJr6xubW+ntzM7u3n42d3DY1kGkKGvRQASq6xLNBJesBRwE64aKEd8VrONOLxO/c8uU5oG8gVnIBj4ZS+5xSsBIw1y2D+wOYhpIz7wwmg9zebtwXq86FQfbBduuOaVqQpxa2SnholES5NEKzWHuvT8KaOQzCVQQrXtFO4RBTBRwKtg80480CwmdkjHrGSqJz/QgXiw+x6dGGWEvUKYk4IX6fSImvtYz3zWdPoGJ/u0l4l9eLwKvPoi5DCNgki4/8iKBIcBJCnjEFaMgZoYQqrjZFdMJUYSCySpjQvi6FP9P2k6hWC1Ursv5xsUqjjQ6RifoDBVRDTXQFWqiFqIoQg/oCT1b99aj9WK9LltT1mrmCP2A9fYJ6I+T7g==</latexit>

confined

<latexit sha1_base64="nov7gJFNI7zfepCot24lkeb/tKk=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqzJTtLa7ohuXFewD2qFk0kwbmskMyR2xDv0SNy4UceunuPNvzLQVVPTAhcM59yb3Hj8WXIPjfFi5ldW19Y38ZmFre2e3aO/tt3WUKMpaNBKR6vpEM8ElawEHwbqxYiT0Bev4k8vM79wypXkkb2AaMy8kI8kDTgkYaWAX+8DuIKWRDMwLw9nALjllx6BaxRlxa45rSL1eq1Tq2J1bjlNCSzQH9nt/GNEkZBKoIFr3XCcGLyUKOBVsVugnmsWETsiI9QyVJGTaS+eLz/CxUYY4iJQpCXiufp9ISaj1NPRNZ0hgrH97mfiX10sgqHkpl3ECTNLFR0EiMEQ4SwEPuWIUxNQQQhU3u2I6JopQMFkVTAhfl+L/SbtSdqvls+vTUuNiGUceHaIjdIJcdI4a6Ao1UQtRlKAH9ISerXvr0XqxXhetOWs5c4B+wHr7BNzrk+c=</latexit>

confined
<latexit sha1_base64="f5K1zIK9MVMmoZHaSmUQLqh2R38=">AAAB9XicbVC5TsNAEF1zhnAFKGksIiSqyEZcZQRNyiCRQ0pMtF6PnVXWa2t3DERW/oOGAoRo+Rc6/obNUUDCk0Z6em9GM/P8VHCNjvNtLS2vrK6tFzaKm1vbO7ulvf2mTjLFoMESkai2TzUILqGBHAW0UwU09gW0/MHN2G89gNI8kXc4TMGLaSR5yBlFI913EZ4wr/Eo0hCMeqWyU3EmsBeJOyNlMkO9V/rqBgnLYpDIBNW64zopejlVyJmAUbGbaUgpG9AIOoZKGoP28snVI/vYKIEdJsqURHui/p7Iaaz1MPZNZ0yxr+e9sfif18kwvPJyLtMMQbLpojATNib2OAI74AoYiqEhlClubrVZnyrK0ARVNCG48y8vkuZpxb2onN+elavXszgK5JAckRPikktSJTVSJw3CiCLP5JW8WY/Wi/VufUxbl6zZzAH5A+vzBw9hkuQ=</latexit>

Higgsed

<latexit sha1_base64="w18HnMtIsJ/gXwdv0JmvYS1FdSc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VTFtoQ9lsN+3S3U3Y3Qgh9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M38zhNVmsXy0WQJDQQeSRYxgo2V/L5IB81BtebW3TnQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggx8owwum00k81TTCZ4BHtWSqxoDrI58dO0ZlVhiiKlS1p0Fz9PZFjoXUmQtspsBnrZW8m/uf1UhPdBjmTSWqoJItFUcqRidHsczRkihLDM0swUczeisgYK0yMzadiQ/CWX14l7Yu6d12/erisNZpFHGU4gVM4Bw9uoAH30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/oV6OlQ==</latexit>µB

<latexit sha1_base64="T+pQakZJLHDGJvM9uZQCC3eAArc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUs9eKxgtsW2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTsc38z89iNVmklxbyYJDWI8FCxiBBsrtfyqd9pv9MsVt+bOgf4SLycVyNHslz97A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6scoARVLZEgbN1Z8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZf/ktaZzXvsnZxd16pN/I4inAEx1AFD66gDrfQBB8IPMATvMCrI51n5815X7QWnHzmEH7B+fgGKbuOOA==</latexit>

U(1)B



The High-Density Higgs Regime
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When                      QCD is weakly coupled (AF): 1-gluon 
exchange in color/flavor anti-symmetric channel leads to a 
CFL vev for composite Higgs field [Alford, Rajagopal, Wilczek; …]  

Same quantum numbers as fundamental      in HYQCD, 
with same consequences. Thus the two Higgs phases are 
qualitatively identical, but exact gap sizes are different [Son]: 
 

<latexit sha1_base64="DLZqOfTzZrm7m52tHB7ivFN0wYI=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKrzIkFhYWCZgHZJdldnaSDJl9MHNXDEsaG3/FxkIRW//Bzr9x8ig08cDA4Zx7uHOPnwiuwLK+jdzS8srqWn69sLG5tb1j7u41VZxKyho0FrFs+0QxwSPWAA6CtRPJSOgL1vIH1bHfumdS8Ti6g2HC3JD0It7llICWPPPQCVOvgp1eDzu3OhYQzwH2AFm9ej3yzKJVsibAi8SekSKaoeaZX04Q0zRkEVBBlOrYVgJuRiRwKtio4KSKJYQOSI91NI1IyJSbTa4Y4WOtBLgbS/0iwBP1dyIjoVLD0NeTIYG+mvfG4n9eJ4XulZvxKEmBRXS6qJsKDDEeV4IDLhkFMdSEUMn1XzHtE0ko6OIKugR7/uRF0jwt2Rel8/pZsVyZ1ZFHB+gInSAbXaIyukE11EAUPaJn9IrejCfjxXg3PqajOWOW2Ud/YHz+AJRdmAM=</latexit>

µB � ⇤QCD

<latexit sha1_base64="/A0uN3KfmfYFZgXANFSeCLbvPRA=">AAACJXicbVDLSsNAFJ34rPUVdelmsAi6sCbFRxcKoi5cVrBWaGqYTG/aoTNJmJkIJeRn3PgrblxYRHDlrzitXWj1wIUz59zL3HuChDOlHefDmpqemZ2bLywUF5eWV1bttfVbFaeSQp3GPJZ3AVHAWQR1zTSHu0QCEQGHRtC7GPqNB5CKxdGN7ifQEqQTsZBRoo3k2yfeJXBN/MwLQuzm+BRX8E+pmmNPMYE9kfrnGO6zPXe/szN67ea+XXLKzgj4L3HHpITGqPn2wGvHNBUQacqJUk3XSXQrI1IzyiEveqmChNAe6UDT0IgIUK1sdGWOt43SxmEsTUUaj9SfExkRSvVFYDoF0V016Q3F/7xmqsNqK2NRkmqI6PdHYcqxjvEwMtxmEqjmfUMIlczsimmXSEK1CbZoQnAnT/5Lbitl96h8eH1QOjsfx1FAm2gL7SAXHaMzdIVqqI4oekTP6BUNrCfrxXqz3r9bp6zxzAb6BevzC3c2oso=</latexit>

�1 = 2�8 ⇠ µBe
�1/g(µB)

<latexit sha1_base64="4YoZ3E6V4844tSrZpw6L1unimyo="></latexit>

"abc"
ijkh b

j 
c
k + �̄b

j�̄
c
ki ⇠ µB�

i
a

<latexit sha1_base64="phenQGLwvrAnB959/RKy+9YN0Uw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2PRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q0HGqGPosFrFqhVSj4BJ9w43AVqKQRqHAZji6nfrNJ1Sax/LBjBMMIjqQvM8ZNVbyh136yLvlilt1ZyDLxMtJBXLUu+WvTi9maYTSMEG1bntuYoKMKsOZwEmpk2pMKBvRAbYtlTRCHWSzYyfkxCo90o+VLWnITP09kdFI63EU2s6ImqFe9Kbif147Nf3rIOMySQ1KNl/UTwUxMZl+TnpcITNibAllittbCRtSRZmx+ZRsCN7iy8ukcVb1LqsX9+eV2k0eRxGO4BhOwYMrqMEd1MEHBhye4RXeHOm8OO/Ox7y14OQzh/AHzucPuXuOpQ==</latexit>

hi
a



Proposal: the SPTs are also the same, i.e.            .  
 
Both are weakly-coupled Higgs phases. SPT only sensitive 
to fermions, which have the same fate (in reverse order):


• QCD at                     : 1-gluon exchange         pairing 
                                          fermion gaps


• HYQCD at             : Yukawas        pairing in same channel 
 similar gaps. Turning on      maintains fermion gaps.  


Related by a deformation that maintains the fermion gap.

<latexit sha1_base64="6Pz+s+vc98zcUvLE4If4VTILdio=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKu+DoGvXjwEME8IFnC7GQ2GTI7s8zMKnHJl3jxoIhXP8Wbf+Mk2YNGCxqKqm66u8KEM20878spLC2vrK4V10sbm1vbZXdnt6llqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6mfuueKs2kuDPjhAYxHggWMYKNlXpuuXsjxUCxwdBgpeRDz614VW8G9Jf4OalAjnrP/ez2JUljKgzhWOuO7yUmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLPDJ+jQKn0USWVLGDRTf05kONZ6HIe2M8ZmqBe9qfif10lNdBFkTCSpoYLMF0UpR0aiaQqozxQlho8twUQxeysiQ6wwMTarkg3BX3z5L2keV/2z6untSaV2mcdRhH04gCPw4RxqcA11aACBFJ7gBV6dR+fZeXPe560FJ5/Zg19wPr4BQ1iTgA==</latexit>

=)

Is High-Density QCD a Gapless SPT?
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<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡

<latexit sha1_base64="SqE0kv3TwpvEGmI6/b3xNA5oZ+Y=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ4sVjBPOQZAmzk9lkyMzsMjMrhCVf4cWDIl79HG/+jZPNHjSxoKGo6qa7K4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9nfvuJKs0i+WAmMfUFHkoWMoKNlR57IunX0Q1y++WKW3UzoGXi5aQCORr98ldvEJFEUGkIx1p3PTc2foqVYYTTaamXaBpjMsZD2rVUYkG1n2YHT9GJVQYojJQtaVCm/p5IsdB6IgLbKbAZ6UVvJv7ndRMTXvspk3FiqCTzRWHCkYnQ7Hs0YIoSwyeWYKKYvRWREVaYGJtRyYbgLb68TFpnVe+yenF/XqnV8ziKcATHcAoeXEEN7qABTSAg4Ble4c1Rzovz7nzMWwtOPnMIf+B8/gBD4o9q</latexit>

µB = 0

<latexit sha1_base64="6Pz+s+vc98zcUvLE4If4VTILdio=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKu+DoGvXjwEME8IFnC7GQ2GTI7s8zMKnHJl3jxoIhXP8Wbf+Mk2YNGCxqKqm66u8KEM20878spLC2vrK4V10sbm1vbZXdnt6llqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6mfuueKs2kuDPjhAYxHggWMYKNlXpuuXsjxUCxwdBgpeRDz614VW8G9Jf4OalAjnrP/ez2JUljKgzhWOuO7yUmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLPDJ+jQKn0USWVLGDRTf05kONZ6HIe2M8ZmqBe9qfif10lNdBFkTCSpoYLMF0UpR0aiaQqozxQlho8twUQxeysiQ6wwMTarkg3BX3z5L2keV/2z6untSaV2mcdRhH04gCPw4RxqcA11aACBFJ7gBV6dR+fZeXPe560FJ5/Zg19wPr4BQ1iTgA==</latexit>

=)

<latexit sha1_base64="6Pz+s+vc98zcUvLE4If4VTILdio=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKu+DoGvXjwEME8IFnC7GQ2GTI7s8zMKnHJl3jxoIhXP8Wbf+Mk2YNGCxqKqm66u8KEM20878spLC2vrK4V10sbm1vbZXdnt6llqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6mfuueKs2kuDPjhAYxHggWMYKNlXpuuXsjxUCxwdBgpeRDz614VW8G9Jf4OalAjnrP/ez2JUljKgzhWOuO7yUmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLPDJ+jQKn0USWVLGDRTf05kONZ6HIe2M8ZmqBe9qfif10lNdBFkTCSpoYLMF0UpR0aiaQqozxQlho8twUQxeysiQ6wwMTarkg3BX3z5L2keV/2z6untSaV2mcdRhH04gCPw4RxqcA11aACBFJ7gBV6dR+fZeXPe560FJ5/Zg19wPr4BQ1iTgA==</latexit>

=)

<latexit sha1_base64="6Pz+s+vc98zcUvLE4If4VTILdio=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKu+DoGvXjwEME8IFnC7GQ2GTI7s8zMKnHJl3jxoIhXP8Wbf+Mk2YNGCxqKqm66u8KEM20878spLC2vrK4V10sbm1vbZXdnt6llqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6mfuueKs2kuDPjhAYxHggWMYKNlXpuuXsjxUCxwdBgpeRDz614VW8G9Jf4OalAjnrP/ez2JUljKgzhWOuO7yUmyLAyjHA6KXVTTRNMRnhAO5YKHFMdZLPDJ+jQKn0USWVLGDRTf05kONZ6HIe2M8ZmqBe9qfif10lNdBFkTCSpoYLMF0UpR0aiaQqozxQlho8twUQxeysiQ6wwMTarkg3BX3z5L2keV/2z6untSaV2mcdRhH04gCPw4RxqcA11aACBFJ7gBV6dR+fZeXPe560FJ5/Zg19wPr4BQ1iTgA==</latexit>

=)

<latexit sha1_base64="DLZqOfTzZrm7m52tHB7ivFN0wYI=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuyKrzIkFhYWCZgHZJdldnaSDJl9MHNXDEsaG3/FxkIRW//Bzr9x8ig08cDA4Zx7uHOPnwiuwLK+jdzS8srqWn69sLG5tb1j7u41VZxKyho0FrFs+0QxwSPWAA6CtRPJSOgL1vIH1bHfumdS8Ti6g2HC3JD0It7llICWPPPQCVOvgp1eDzu3OhYQzwH2AFm9ej3yzKJVsibAi8SekSKaoeaZX04Q0zRkEVBBlOrYVgJuRiRwKtio4KSKJYQOSI91NI1IyJSbTa4Y4WOtBLgbS/0iwBP1dyIjoVLD0NeTIYG+mvfG4n9eJ4XulZvxKEmBRXS6qJsKDDEeV4IDLhkFMdSEUMn1XzHtE0ko6OIKugR7/uRF0jwt2Rel8/pZsVyZ1ZFHB+gInSAbXaIyukE11EAUPaJn9IrejCfjxXg3PqajOWOW2Ud/YHz+AJRdmAM=</latexit>

µB � ⇤QCD

<latexit sha1_base64="19mYWAMWM1jWh1rzAxbug7sPNZo=">AAAB7HicdVDLSsNAFJ34rPVVdelmsAiuQpI+3RXduKxg2kIbymQ6aYfOTMLMRCih3+DGhSJu/SB3/o2TtoKKHrhwOOde7r0nTBhV2nE+rLX1jc2t7cJOcXdv/+CwdHTcUXEqMfFxzGLZC5EijAria6oZ6SWSIB4y0g2n17nfvSdS0Vjc6VlCAo7GgkYUI20kf8DTYTgslR37sln3ah50bMdpeJV6TrxG1atA1yg5ymCF9rD0PhjFOOVEaMyQUn3XSXSQIakpZmReHKSKJAhP0Zj0DRWIExVki2Pn8NwoIxjF0pTQcKF+n8gQV2rGQ9PJkZ6o314u/uX1Ux01g4yKJNVE4OWiKGVQxzD/HI6oJFizmSEIS2puhXiCJMLa5FM0IXx9Cv8nHc9263bttlpuXa3iKIBTcAYugAsaoAVuQBv4AAMKHsATeLaE9Wi9WK/L1jVrNXMCfsB6+wQ01o75</latexit>µb



Can             persist down to        , or is there a new transition 
within the superfluid phase? 
 
 
 
 
 
 
 
 
[Cherman, Sen, Yaffe] have imagined such a transition, 
motivated by            vortices. Unrelated to our SPTs.

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0 <latexit sha1_base64="4LyNbm7VdR+JC3HL2eG98d7wlk8=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkG8xooixMDQCvqQmqpyXLe1aieRfYOoov4BC7/CwgBCrKxs/A1umwFajnSlo3Pute89fiS4Bsf5tubmFxaXljMr2dW19Y1Ne2u7qsNYUVahoQhV3SeaCR6wCnAQrB4pRqQvWM3vF0d+7Z4pzcPgDgYRa0rSDXiHUwJGatkHnoxbHrAHSG6vhhh7mkvs3ZgH2iTVy8XLYcvOOXlnDDxL3JTkUIpSy/7y2iGNJQuACqJ1w3UiaCZEAaeCDbNerFlEaJ90WcPQgEimm8n4niHeN0obd0JlKgA8Vn9PJERqPZC+6ZQEenraG4n/eY0YOufNhAdRDCygk486scAQ4lE4uM0VoyAGhhCquNkV0x5RhIKJMGtCcKdPniXVo7x7mj8pH+cKF2kcGbSL9tAhctEZKqBrVEIVRNEjekav6M16sl6sd+tj0jpnpTM76A+szx+tH5xy</latexit>

µSF ⇠ ⇤QCD

<latexit sha1_base64="ygy8cUo8t2KiErpAMT00N/HANM4=">AAAB/nicbVDJSgNBEO1xjXEbFU9eGoMQL2FG3I4hXjxGMAskIfR0KkmTnp6hu0YMQ8Bf8eJBEa9+hzf/xs5y0MQHBY/3qqiqF8RSGPS8b2dpeWV1bT2zkd3c2t7Zdff2qyZKNIcKj2Sk6wEzIIWCCgqUUI81sDCQUAsGN2O/9gDaiEjd4zCGVsh6SnQFZ2iltnvYRHjENNDRABQd0UreP22X2m7OK3gT0EXiz0iOzFBuu1/NTsSTEBRyyYxp+F6MrZRpFFzCKNtMDMSMD1gPGpYqFoJppZPzR/TEKh3ajbQthXSi/p5IWWjMMAxsZ8iwb+a9sfif10iwe91KhYoTBMWni7qJpBjRcRa0IzRwlENLGNfC3kp5n2nG0SaWtSH48y8vkupZwb8sXNyd54qlWRwZckSOSZ745IoUyS0pkwrhJCXP5JW8OU/Oi/PufExbl5zZzAH5A+fzB/s8lNk=</latexit>

broken U(1)B

<latexit sha1_base64="w18HnMtIsJ/gXwdv0JmvYS1FdSc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VTFtoQ9lsN+3S3U3Y3Qgh9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M38zhNVmsXy0WQJDQQeSRYxgo2V/L5IB81BtebW3TnQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggx8owwum00k81TTCZ4BHtWSqxoDrI58dO0ZlVhiiKlS1p0Fz9PZFjoXUmQtspsBnrZW8m/uf1UhPdBjmTSWqoJItFUcqRidHsczRkihLDM0swUczeisgYK0yMzadiQ/CWX14l7Yu6d12/erisNZpFHGU4gVM4Bw9uoAH30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/oV6OlQ==</latexit>µB

<latexit sha1_base64="Czit0TgwAAmHVT0hGneWOOzi2ZI=">AAAB9HicdVDLSgNBEJz1GeMr6tHLYBA8hd01JvEW9OIxgkmEZJHZSW8cnH040yuGJd/hxYMiXv0Yb/6Ns0kEFS1oKKq66e7yEyk02vaHNTe/sLi0XFgprq6tb2yWtrY7Ok4VhzaPZawufaZBigjaKFDCZaKAhb6Ern9zmvvdO1BaxNEFjhLwQjaMRCA4QyN5fYR7zIYsSWAwviqV7cpxo+YeudSu2HbdPazlxK1X3UPqGCVHmczQuiq99wcxT0OIkEumdc+xE/QyplBwCeNiP9WQMH7DhtAzNGIhaC+bHD2m+0YZ0CBWpiKkE/X7RMZCrUehbzpDhtf6t5eLf3m9FIOGl4koSREiPl0UpJJiTPME6EAo4ChHhjCuhLmV8mumGEeTU9GE8PUp/Z903IpTqxydV8vNk1kcBbJL9sgBcUidNMkZaZE24eSWPJAn8mzdWY/Wi/U6bZ2zZjM75Aest0/YdJLU</latexit>

gapped
<latexit sha1_base64="ZklUmQseorpqnbQZTR+JVtrRtPg=">AAAB+HicdVDLSgMxFM3UV62PVl26CRbBVZlOn+6KblxWsA9oS8mkmTY0kxmSO2Id+iVuXCji1k9x59+YaSuo6IELh3PuTe49bii4Btv+sFJr6xubW+ntzM7u3n42d3DY1kGkKGvRQASq6xLNBJesBRwE64aKEd8VrONOLxO/c8uU5oG8gVnIBj4ZS+5xSsBIw1y2D+wOYhpIz7wwmg9zebtwXq86FQfbBduuOaVqQpxa2SnholES5NEKzWHuvT8KaOQzCVQQrXtFO4RBTBRwKtg80480CwmdkjHrGSqJz/QgXiw+x6dGGWEvUKYk4IX6fSImvtYz3zWdPoGJ/u0l4l9eLwKvPoi5DCNgki4/8iKBIcBJCnjEFaMgZoYQqrjZFdMJUYSCySpjQvi6FP9P2k6hWC1Ursv5xsUqjjQ6RifoDBVRDTXQFWqiFqIoQg/oCT1b99aj9WK9LltT1mrmCP2A9fYJ6I+T7g==</latexit>

confined

<latexit sha1_base64="nov7gJFNI7zfepCot24lkeb/tKk=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqzJTtLa7ohuXFewD2qFk0kwbmskMyR2xDv0SNy4UceunuPNvzLQVVPTAhcM59yb3Hj8WXIPjfFi5ldW19Y38ZmFre2e3aO/tt3WUKMpaNBKR6vpEM8ElawEHwbqxYiT0Bev4k8vM79wypXkkb2AaMy8kI8kDTgkYaWAX+8DuIKWRDMwLw9nALjllx6BaxRlxa45rSL1eq1Tq2J1bjlNCSzQH9nt/GNEkZBKoIFr3XCcGLyUKOBVsVugnmsWETsiI9QyVJGTaS+eLz/CxUYY4iJQpCXiufp9ISaj1NPRNZ0hgrH97mfiX10sgqHkpl3ECTNLFR0EiMEQ4SwEPuWIUxNQQQhU3u2I6JopQMFkVTAhfl+L/SbtSdqvls+vTUuNiGUceHaIjdIJcdI4a6Ao1UQtRlKAH9ISerXvr0XqxXhetOWs5c4B+wHr7BNzrk+c=</latexit>

confined
<latexit sha1_base64="f5K1zIK9MVMmoZHaSmUQLqh2R38=">AAAB9XicbVC5TsNAEF1zhnAFKGksIiSqyEZcZQRNyiCRQ0pMtF6PnVXWa2t3DERW/oOGAoRo+Rc6/obNUUDCk0Z6em9GM/P8VHCNjvNtLS2vrK6tFzaKm1vbO7ulvf2mTjLFoMESkai2TzUILqGBHAW0UwU09gW0/MHN2G89gNI8kXc4TMGLaSR5yBlFI913EZ4wr/Eo0hCMeqWyU3EmsBeJOyNlMkO9V/rqBgnLYpDIBNW64zopejlVyJmAUbGbaUgpG9AIOoZKGoP28snVI/vYKIEdJsqURHui/p7Iaaz1MPZNZ0yxr+e9sfif18kwvPJyLtMMQbLpojATNib2OAI74AoYiqEhlClubrVZnyrK0ARVNCG48y8vkuZpxb2onN+elavXszgK5JAckRPikktSJTVSJw3CiCLP5JW8WY/Wi/VufUxbl6zZzAH5A+vzBw9hkuQ=</latexit>

Higgsed

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡

New QCD Phase Transitions?
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?
?
?

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡
<latexit sha1_base64="TQrQZ8tYsS7kIfVdwPu8kMicJ7M=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoPgKeyKr2NQEI8RzQOyS5idTJIhM7PrTG8wLPkOLx4U8erHePNvnCR70MSChqKqm+6uMBbcgOt+O7ml5ZXVtfx6YWNza3unuLtXN1GiKavRSES6GRLDBFesBhwEa8aaERkK1ggH1xO/MWTa8Eg9wChmgSQ9xbucErBS4Muk7QN7gvT+ZtwultyyOwVeJF5GSihDtV388jsRTSRTQAUxpuW5MQQp0cCpYOOCnxgWEzogPdayVBHJTJBOjx7jI6t0cDfSthTgqfp7IiXSmJEMback0Dfz3kT8z2sl0L0MUq7iBJiis0XdRGCI8CQB3OGaURAjSwjV3N6KaZ9oQsHmVLAhePMvL5L6Sdk7L5/dnZYqV1kceXSADtEx8tAFqqBbVEU1RNEjekav6M0ZOi/Ou/Mxa8052cw++gPn8wca9pJV</latexit>µSF

<latexit sha1_base64="T+pQakZJLHDGJvM9uZQCC3eAArc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUs9eKxgtsW2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTsc38z89iNVmklxbyYJDWI8FCxiBBsrtfyqd9pv9MsVt+bOgf4SLycVyNHslz97A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6scoARVLZEgbN1Z8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZf/ktaZzXvsnZxd16pN/I4inAEx1AFD66gDrfQBB8IPMATvMCrI51n5815X7QWnHzmEH7B+fgGKbuOOA==</latexit>

U(1)B
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Expectation: superfluid transition driven by pairing of light 
spin-   octet baryons into spin-0 H-dibaryon [Jaffe], which 
condenses to break            . This gives            .    


 
 
If a 9th spin-   singlet baryon exists, it is a heavy excited/
bound state. Natural for it to kick in at higher densities, 
leading to new SPT-driven transition at                    . 

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0

<latexit sha1_base64="ygy8cUo8t2KiErpAMT00N/HANM4=">AAAB/nicbVDJSgNBEO1xjXEbFU9eGoMQL2FG3I4hXjxGMAskIfR0KkmTnp6hu0YMQ8Bf8eJBEa9+hzf/xs5y0MQHBY/3qqiqF8RSGPS8b2dpeWV1bT2zkd3c2t7Zdff2qyZKNIcKj2Sk6wEzIIWCCgqUUI81sDCQUAsGN2O/9gDaiEjd4zCGVsh6SnQFZ2iltnvYRHjENNDRABQd0UreP22X2m7OK3gT0EXiz0iOzFBuu1/NTsSTEBRyyYxp+F6MrZRpFFzCKNtMDMSMD1gPGpYqFoJppZPzR/TEKh3ajbQthXSi/p5IWWjMMAxsZ8iwb+a9sfif10iwe91KhYoTBMWni7qJpBjRcRa0IzRwlENLGNfC3kp5n2nG0SaWtSH48y8vkupZwb8sXNyd54qlWRwZckSOSZ745IoUyS0pkwrhJCXP5JW8OU/Oi/PufExbl5zZzAH5A+fzB/s8lNk=</latexit>

broken U(1)B

<latexit sha1_base64="w18HnMtIsJ/gXwdv0JmvYS1FdSc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEr2OpF48VTFtoQ9lsN+3S3U3Y3Qgh9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3M38zhNVmsXy0WQJDQQeSRYxgo2V/L5IB81BtebW3TnQKvEKUoMCrUH1qz+MSSqoNIRjrXuem5ggx8owwum00k81TTCZ4BHtWSqxoDrI58dO0ZlVhiiKlS1p0Fz9PZFjoXUmQtspsBnrZW8m/uf1UhPdBjmTSWqoJItFUcqRidHsczRkihLDM0swUczeisgYK0yMzadiQ/CWX14l7Yu6d12/erisNZpFHGU4gVM4Bw9uoAH30AIfCDB4hld4c6Tz4rw7H4vWklPMHMMfOJ8/oV6OlQ==</latexit>µB
<latexit sha1_base64="4LyNbm7VdR+JC3HL2eG98d7wlk8=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkG8xooixMDQCvqQmqpyXLe1aieRfYOoov4BC7/CwgBCrKxs/A1umwFajnSlo3Pute89fiS4Bsf5tubmFxaXljMr2dW19Y1Ne2u7qsNYUVahoQhV3SeaCR6wCnAQrB4pRqQvWM3vF0d+7Z4pzcPgDgYRa0rSDXiHUwJGatkHnoxbHrAHSG6vhhh7mkvs3ZgH2iTVy8XLYcvOOXlnDDxL3JTkUIpSy/7y2iGNJQuACqJ1w3UiaCZEAaeCDbNerFlEaJ90WcPQgEimm8n4niHeN0obd0JlKgA8Vn9PJERqPZC+6ZQEenraG4n/eY0YOufNhAdRDCygk486scAQ4lE4uM0VoyAGhhCquNkV0x5RhIKJMGtCcKdPniXVo7x7mj8pH+cKF2kcGbSL9tAhctEZKqBrVEIVRNEjekav6M16sl6sd+tj0jpnpTM76A+szx+tH5xy</latexit>

µSF ⇠ ⇤QCD

<latexit sha1_base64="Czit0TgwAAmHVT0hGneWOOzi2ZI=">AAAB9HicdVDLSgNBEJz1GeMr6tHLYBA8hd01JvEW9OIxgkmEZJHZSW8cnH040yuGJd/hxYMiXv0Yb/6Ns0kEFS1oKKq66e7yEyk02vaHNTe/sLi0XFgprq6tb2yWtrY7Ok4VhzaPZawufaZBigjaKFDCZaKAhb6Ern9zmvvdO1BaxNEFjhLwQjaMRCA4QyN5fYR7zIYsSWAwviqV7cpxo+YeudSu2HbdPazlxK1X3UPqGCVHmczQuiq99wcxT0OIkEumdc+xE/QyplBwCeNiP9WQMH7DhtAzNGIhaC+bHD2m+0YZ0CBWpiKkE/X7RMZCrUehbzpDhtf6t5eLf3m9FIOGl4koSREiPl0UpJJiTPME6EAo4ChHhjCuhLmV8mumGEeTU9GE8PUp/Z903IpTqxydV8vNk1kcBbJL9sgBcUidNMkZaZE24eSWPJAn8mzdWY/Wi/U6bZ2zZjM75Aest0/YdJLU</latexit>

gapped
<latexit sha1_base64="ZklUmQseorpqnbQZTR+JVtrRtPg=">AAAB+HicdVDLSgMxFM3UV62PVl26CRbBVZlOn+6KblxWsA9oS8mkmTY0kxmSO2Id+iVuXCji1k9x59+YaSuo6IELh3PuTe49bii4Btv+sFJr6xubW+ntzM7u3n42d3DY1kGkKGvRQASq6xLNBJesBRwE64aKEd8VrONOLxO/c8uU5oG8gVnIBj4ZS+5xSsBIw1y2D+wOYhpIz7wwmg9zebtwXq86FQfbBduuOaVqQpxa2SnholES5NEKzWHuvT8KaOQzCVQQrXtFO4RBTBRwKtg80480CwmdkjHrGSqJz/QgXiw+x6dGGWEvUKYk4IX6fSImvtYz3zWdPoGJ/u0l4l9eLwKvPoi5DCNgki4/8iKBIcBJCnjEFaMgZoYQqrjZFdMJUYSCySpjQvi6FP9P2k6hWC1Ursv5xsUqjjQ6RifoDBVRDTXQFWqiFqIoQg/oCT1b99aj9WK9LltT1mrmCP2A9fYJ6I+T7g==</latexit>

confined

<latexit sha1_base64="nov7gJFNI7zfepCot24lkeb/tKk=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqzJTtLa7ohuXFewD2qFk0kwbmskMyR2xDv0SNy4UceunuPNvzLQVVPTAhcM59yb3Hj8WXIPjfFi5ldW19Y38ZmFre2e3aO/tt3WUKMpaNBKR6vpEM8ElawEHwbqxYiT0Bev4k8vM79wypXkkb2AaMy8kI8kDTgkYaWAX+8DuIKWRDMwLw9nALjllx6BaxRlxa45rSL1eq1Tq2J1bjlNCSzQH9nt/GNEkZBKoIFr3XCcGLyUKOBVsVugnmsWETsiI9QyVJGTaS+eLz/CxUYY4iJQpCXiufp9ISaj1NPRNZ0hgrH97mfiX10sgqHkpl3ECTNLFR0EiMEQ4SwEPuWIUxNQQQhU3u2I6JopQMFkVTAhfl+L/SbtSdqvls+vTUuNiGUceHaIjdIJcdI4a6Ao1UQtRlKAH9ISerXvr0XqxXhetOWs5c4B+wHr7BNzrk+c=</latexit>

confined
<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡
<latexit sha1_base64="Qdpib2MwMhskrUJi17+vL7sbP/E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxgnlAdgmzk0kyZHZ2mekVwpLf8OJBEa/+jDf/xkmyB00saCiquunuChMpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2yE1XArFGyhQ8naiOY1CyVvh6G7qt564NiJWjzhOeBDRgRJ9wShayfdxyJF2B+SGuN1yxa26M5Bl4uWkAjnq3fKX34tZGnGFTFJjOp6bYJBRjYJJPin5qeEJZSM64B1LFY24CbLZzRNyYpUe6cfalkIyU39PZDQyZhyFtjOiODSL3lT8z+uk2L8OMqGSFLli80X9VBKMyTQA0hOaM5RjSyjTwt5K2JBqytDGVLIheIsvL5PmWdW7rF48nFdqt3kcRTiCYzgFD66gBvdQhwYwSOAZXuHNSZ0X5935mLcWnHzmEP7A+fwByn+Q4Q==</latexit>

✓g = 0

<latexit sha1_base64="f5K1zIK9MVMmoZHaSmUQLqh2R38=">AAAB9XicbVC5TsNAEF1zhnAFKGksIiSqyEZcZQRNyiCRQ0pMtF6PnVXWa2t3DERW/oOGAoRo+Rc6/obNUUDCk0Z6em9GM/P8VHCNjvNtLS2vrK6tFzaKm1vbO7ulvf2mTjLFoMESkai2TzUILqGBHAW0UwU09gW0/MHN2G89gNI8kXc4TMGLaSR5yBlFI913EZ4wr/Eo0hCMeqWyU3EmsBeJOyNlMkO9V/rqBgnLYpDIBNW64zopejlVyJmAUbGbaUgpG9AIOoZKGoP28snVI/vYKIEdJsqURHui/p7Iaaz1MPZNZ0yxr+e9sfif18kwvPJyLtMMQbLpojATNib2OAI74AoYiqEhlClubrVZnyrK0ARVNCG48y8vkuZpxb2onN+elavXszgK5JAckRPikktSJTVSJw3CiCLP5JW8WY/Wi/VufUxbl6zZzAH5A+vzBw9hkuQ=</latexit>

Higgsed

<latexit sha1_base64="WpKCL/rWcQ0GBQtC9Ik4IgI6dBk=">AAAB9XicbVC5TgMxEPWGK4QrQEljESFRRbuIq4ygoQwil5RdIq/jTazY3pU9C0Sr/AcNBQjR8i90/A3OUUDCk0Z6em9GM/PCRHADrvvt5JaWV1bX8uuFjc2t7Z3i7l7DxKmmrE5jEetWSAwTXLE6cBCslWhGZChYMxxcj/3mA9OGx6oGw4QFkvQUjzglYKV7X6YdH9gTZHfV2qhTLLlldwK8SLwZKaEZqp3il9+NaSqZAiqIMW3PTSDIiAZOBRsV/NSwhNAB6bG2pYpIZoJscvUIH1mli6NY21KAJ+rviYxIY4YytJ2SQN/Me2PxP6+dQnQZZFwlKTBFp4uiVGCI8TgC3OWaURBDSwjV3N6KaZ9oQsEGVbAhePMvL5LGSdk7L5/dnpYqV7M48ugAHaJj5KELVEE3qIrqiCKNntErenMenRfn3fmYtuac2cw++gPn8wfTpJK9</latexit>µSPT

<latexit sha1_base64="T+pQakZJLHDGJvM9uZQCC3eAArc=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXsqu+HUs9eKxgtsW2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aPXBwOO9GWbmhQln2rjul1NYWV1b3yhulra2d3b3yvsHLS1TRahPJJeqE2JNORPUN8xw2kkUxXHIaTsc38z89iNVmklxbyYJDWI8FCxiBBsrtfyqd9pv9MsVt+bOgf4SLycVyNHslz97A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6scoARVLZEgbN1Z8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZf/ktaZzXvsnZxd16pN/I4inAEx1AFD66gDrfQBB8IPMATvMCrI51n5815X7QWnHzmEH7B+fgGKbuOOA==</latexit>

U(1)B
<latexit sha1_base64="Qdpib2MwMhskrUJi17+vL7sbP/E=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxgnlAdgmzk0kyZHZ2mekVwpLf8OJBEa/+jDf/xkmyB00saCiquunuChMpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2yE1XArFGyhQ8naiOY1CyVvh6G7qt564NiJWjzhOeBDRgRJ9wShayfdxyJF2B+SGuN1yxa26M5Bl4uWkAjnq3fKX34tZGnGFTFJjOp6bYJBRjYJJPin5qeEJZSM64B1LFY24CbLZzRNyYpUe6cfalkIyU39PZDQyZhyFtjOiODSL3lT8z+uk2L8OMqGSFLli80X9VBKMyTQA0hOaM5RjSyjTwt5K2JBqytDGVLIheIsvL5PmWdW7rF48nFdqt3kcRTiCYzgFD66gBvdQhwYwSOAZXuHNSZ0X5935mLcWnHzmEP7A+fwByn+Q4Q==</latexit>

✓g = 0

<latexit sha1_base64="JfgapfVzOFVj78jtX6s0hhVo1Zc=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF48RzAM2S5idTJIhszvLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ITVcipg3UaDknURzGoWSt8Px3cxvP3FthIofcZLwIKLDWAwEo2glP/NIV1mf1Ka9csWtunOQVeLlpAI5Gr3yV7evWBrxGJmkxviem2CQUY2CST4tdVPDE8rGdMh9S2MacRNk85On5MwqfTJQ2laMZK7+nshoZMwkCm1nRHFklr2Z+J/npzi4CTIRJynymC0WDVJJUJHZ/6QvNGcoJ5ZQpoW9lbAR1ZShTalkQ/CWX14lrVrVu6pePlxU6rd5HEU4gVM4Bw+uoQ730IAmMFDwDK/w5qDz4rw7H4vWgpPPHMMfOJ8/Ut+QpQ==</latexit>

1

2

<latexit sha1_base64="JfgapfVzOFVj78jtX6s0hhVo1Zc=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8egF48RzAM2S5idTJIhszvLTK8QlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXmEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVqxptMSaU7ITVcipg3UaDknURzGoWSt8Px3cxvP3FthIofcZLwIKLDWAwEo2glP/NIV1mf1Ka9csWtunOQVeLlpAI5Gr3yV7evWBrxGJmkxviem2CQUY2CST4tdVPDE8rGdMh9S2MacRNk85On5MwqfTJQ2laMZK7+nshoZMwkCm1nRHFklr2Z+J/npzi4CTIRJynymC0WDVJJUJHZ/6QvNGcoJ5ZQpoW9lbAR1ZShTalkQ/CWX14lrVrVu6pePlxU6rd5HEU4gVM4Bw+uoQ730IAmMFDwDK/w5qDz4rw7H4vWgpPPHMMfOJ8/Ut+QpQ==</latexit>

1

2

Candidate SPT Transition

<latexit sha1_base64="yqryiGrn0KDSJcZ3HAPTIdgN3oc=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4PgKcyI20mCgniMmA2SMPR0epIm3TNDd40Yhjl68Ve8eFDEq5/gzb+xsxxi4oOCx3tVVNXzIsE12PaPlVlYXFpeya7m1tY3Nrfy2zs1HcaKsioNRagaHtFM8IBVgYNgjUgxIj3B6l7/eujXH5jSPAwqMIhYW5JuwH1OCRjJze/nWjJ2W8AeIbkvV1J8iaeEm9TNF+yiPQKeJ86EFNAEZTf/3eqENJYsACqI1k3HjqCdEAWcCpbmWrFmEaF90mVNQwMimW4no0dSfGiUDvZDZSoAPFKnJxIitR5Iz3RKAj096w3F/7xmDP5FO+FBFAML6HiRHwsMIR6mgjtcMQpiYAihiptbMe0RRSiY7HImBGf25XlSOy46Z8XTu5NC6WoSRxbtoQN0hBx0jkroFpVRFVH0hF7QG3q3nq1X68P6HLdmrMnMLvoD6+sXII2Zbw==</latexit>

µSPT > µSF
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• Higgs-confinement continuity can fail if the two regimes 
are in different SPT phases (general, simple examples).


• High-density QCD is a gapless SPT with             (robust)  


• Motivates searches for unexpected phase transitions.  


• Next: realistic quark masses, consequences of             for 
neutron star interiors (EOS, boundary layers).


• On the theoretical side, it is desirable to sharpen our 
toolbox for gapless SPTs (delicate; much to understand).

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡

<latexit sha1_base64="aiTP7LQnRAAxvbHCBQU77XOjFPM=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidhGCXjxGMAtkxtDT6Uma9Cx01yhhyH948aCIV//Fm39jJ5mDJj4oeLxXRVU9P5FCo21/W4Wl5ZXVteJ6aWNza3unvLvX1HGqGG+wWMaq7VPNpYh4AwVK3k4Up6Evecsf3kz81iNXWsTRPY4S7oW0H4lAMIpGenBxwJF2++SKuInolit21Z6CLBInJxXIUe+Wv9xezNKQR8gk1brj2Al6GVUomOTjkptqnlA2pH3eMTSiIddeNr16TI6M0iNBrExFSKbq74mMhlqPQt90hhQHet6biP95nRSDSy8TUZIij9hsUZBKgjGZREB6QnGGcmQIZUqYWwkbUEUZmqBKJgRn/uVF0jypOufVs7vTSu06j6MIB3AIx+DABdTgFurQAAYKnuEV3qwn68V6tz5mrQUrn9mHP7A+fwCouZH6</latexit>

✓g = ⇡



Thank You for Your Attention!


Happy Birthday QCD!
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