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• Introduction / motivation

• Parity solutions to the strong CP problem

• Phenomenology
Collider, and flavor 

EDMs 

Gravitational waves

N. Craig, IGG, G. Koszegi, A. McCune, arXiv:2012.13416

Babu, Mohapatra; PRL 62 (1989) & PRD 41 (1990) 
Barr, Chang, Senjanovic; PRL 67 (1991)

different�from�Nelson-Barr�
solutions�based�on�restoring�CP

Criticism of  parity solutions: Albaid, Dine, Draper, 1510.03392 

will�address�criticism�as�we�go�along



The Yang-Mills vacuum angle 
Yang-Mills theory has a discrete set of  degenerate classical minima

Ai(x) = �i (@ig(x)) g(x)
�1
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g(x)
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with

element�of�SU(N)

They can be classified in topologically distinct classes in terms 
of  a single integer             that we call winding numbern 2 Z

<latexit sha1_base64="mgV/rqJ8YiUOQ6DLrzBPyQT/eCM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQQUXBTcuK9gHtkNJ0kwbmskMSaZQhv6JGxeKuPVP3Pk3ZtpZaOuBC4dz7iUnhySCa+N5305pbX1jc6u8XdnZ3ds/cA+PWjpOFWVNGotYdQjWTHDJmoYbwTqJYjgigrXJ+C732xOmNI/lo5kmLIjwUPKQU2ys1HddiXrcToTNiJDsadZ3q17NmwOtEr8gVSjQ6LtfvUFM04hJQwXWuut7iQkyrAyngs0qvVSzBNMxHrKupRJHTAfZPPkMnVllgMJY2ZEGzdXfFxmOtJ5GxG7mCfWyl4v/ed3UhNdBxmWSGibp4qEwFcjEKK8BDbhi1IipJZgqbrMiOsIKU2PLqtgS/OUvr5LWRc2/rN08XFbrt0UdZTiBUzgHH66gDvfQgCZQmMAzvMKbkzkvzrvzsVgtOcXNMfyB8/kDEmKTTg==</latexit>

These are pure-gauge field configurations with non-trivial topology

Classically, we could choose a vacuum with given winding number

Quantum mechanically, there is tunneling between topologically 
distinct sectors, as described by the existence of  instantons

however…



The Yang-Mills vacuum angle 
Non-abelian instantons describe 
tunneling between vacua with 

different winding numbers tunneling�between�vacua�whose�
winding�numbers�differ�by�Q

2 Z
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Q =
g2

32⇡2

Z
d4x tr

⇣
Gµ⌫G̃

µ⌫
⌘
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True vacuum is a linear combination of  all the    -vacuan
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is the vacuum angle of  Yang-Mills theory✓
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Vacuum�energy�density�depends�on�

 ✓ =
X

n2Z
ein✓ n
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phase�ambiguity

In the lagrangian formulation:

L✓ =
✓g2

32⇡2
tr
⇣
Gµ⌫G̃

µ⌫
⌘
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violates�P�and�CP

,



The QCD vacuum angle 
The physical significance of  the vacuum angle 

crucially depends on the fermion spectrum

✓̄
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In the Standard Model, only the vacuum 
angle of  the QCD sector,    , is physical

dn ⇠ 10�16 ✓̄ e · cm
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is a physical measurement of  P and CP violation in the strong sector✓̄
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Physical quantities depend on    , e.g. the EDM of  the neutron:✓̄
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✓̄ . 10�10
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)
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|dn| < 1.8 · 10�26 e · cm
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Experimentally:



The strong CP problem
✓̄ = ✓s + ✓q
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✓q = arg detMq
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in�fact,�both�CP�*and*�P�are�maximally�violated�by�the�weak�interactions

Complex         is a requirement for there to be CP-violation in the 
electroweak sector, which we have measured to be

Mq
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�CKM = O(1)
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)
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expect                , in gross violation of  experimental bound✓̄ = O(1)
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Strong CP problem: It is not possible to understand the smallness 
of      based on the underlying symmetries of  the Standard Model✓̄
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instead,�a�dynamical�mechanism�or�some�additional�
symmetry�structure�is�necessary�to�explain�why����is�so�tiny
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The QCD axion
    promoted to dynamical field, the axion, which a pseudo-Nambu-

Goldstone boson of  a spontaneously broken               global symmetry, 
which must also be broken explicitly by QCD

U(1)PQ
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huge�experimental�effort�to�probe�the�axion�paradigm
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QCD dynamics generate a potential for a
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In turn, the axion gets a non-zero vacuum expectation value s.t.
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Peccei, Quinn (1977) 
Wilczek (1978); Weinberg (1978) 

Shifman, Vainshtein, Zakharov (1980) 
Dine, Fischler, Srednicki (1981)



The axion quality problem

Quantum gravity violates global symmetries
*�but…�*

To solve strong CP, the QCD contribution to the axion potential 
must dominate to    part in         over any other contribution1010
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The violation of  the               global symmetry by gravity generates a 
potential for the axion, deviating the theory away from a vanishing   .̄✓
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axion�solution�in�tension�with�“no�global�symmetries”�in�quantum�gravity
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Zeldovich (1976); Banks, Dixon (1988); 
Abbott, Wise (1989); Coleman, Lee (1990); etc

Barr, Seckel; Kamionkowski, March-Russell; 
Holman et al. (1992); etc



The axion quality problem

More generally, “saving” the QCD axion solution in the context of  
string theory implies the existence of  a plenitude of  axions

We have discovered neither the QCD axion nor any of  the Axiverse axions

Not impossible to solve the axion 
quality problem, but it comes at 

the expense of  minimality

Randall, PLB 284 (1992) 
Cheng, Kaplan, hep-ph/0103346 

Fukuda et al, 1703.01112 
Lillard, Tait, 1707.04261 & 1811.03089 

…

“The�String�Axiverse”

Arvanitaki, Dimopoulos, Dubovsky, Kaloper, March-Russell, hep-th/0905.4720  

motivates�considering�alternative�solutions�to�the�strong�CP�problem



Spacetime symmetry solutions to strong CP

The origin of  the strong CP problem lies in the electroweak sector — 
natural to consider extensions that restore spacetime symmetries

P

<latexit sha1_base64="qvXdn6MAgEQ2hIqxq4/byBJUftg=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQQUXBTcuW7APaAfJpHfa2ExmSDJCGfoFblwo4tZPcuffmLaz0NYDgcM555J7T5AIro3rfjuFtfWNza3idmlnd2//oHx41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB+Hbmd55QaR7LezNJ0I/oUPKQM2qs1Gw8lCtu1Z2DrBIvJxXIYfNf/UHM0gilYYJq3fPcxPgZVYYzgdNSP9WYUDamQ+xZKmmE2s/mi07JmVUGJIyVfdKQufp7IqOR1pMosMmImpFe9mbif14vNeGVn3GZpAYlW3wUpoKYmMyuJgOukBkxsYQyxe2uhI2ooszYbkq2BG/55FXSvqh6tep1s1ap3+R1FOEETuEcPLiEOtxBA1rAAOEZXuHNeXRenHfnYxEtOPnMMfyB8/kDq6uM2g==</latexit>

CP

<latexit sha1_base64="kwrB4fIb0/uS7v4Twd/7Ao/VSbE=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQQUXhW5cVrEPaAfJpJk2NJMZkjtCGfoHblwo4tY/cuffmLaz0NYDgcM555J7T5BIYdB1v53C2vrG5lZxu7Szu7d/UD48aps41Yy3WCxj3Q2o4VIo3kKBkncTzWkUSN4Jxo2Z33ni2ohYPeAk4X5Eh0qEglG00n2j+ViuuFV3DrJKvJxUIIfNf/UHMUsjrpBJakzPcxP0M6pRMMmnpX5qeELZmA55z1JFI278bL7plJxZZUDCWNunkMzV3xMZjYyZRIFNRhRHZtmbif95vRTDKz8TKkmRK7b4KEwlwZjMziYDoTlDObGEMi3sroSNqKYMbTklW4K3fPIqaV9UvVr1+q5Wqd/kdRThBE7hHDy4hDrcQhNawCCEZ3iFN2fsvDjvzsciWnDymWP4A+fzBzZtjSc=</latexit>

Babu, Mohapatra; PRL 62 (1989) & PRD 41 (1990) 
Barr, Chang, Senjanovic; PRL 67 (1991)

Nelson; PLB 136 (1984) 
Barr; PRL 53 (1984)

Non-zero     breaks both P and CP✓̄

<latexit sha1_base64="ITjz0vi2yffDKbScwik4/+ctzFY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCvYDklA22027dLMJuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL8qkMOi6305pbX1jc6u8XdnZ3ds/qB4etU2aa8ZbLJWp7kbUcCkUb6FAybuZ5jSJJO9Eo7uZ33ni2ohUPeI442FCB0rEglG0kh9EVJMAhxxpr1pz6+4cZJV4BalBgWav+hX0U5YnXCGT1BjfczMMJ1SjYJJPK0FueEbZiA64b6miCTfhZH7ylJxZpU/iVNtSSObq74kJTYwZJ5HtTCgOzbI3E//z/Bzj63AiVJYjV2yxKM4lwZTM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMUnuEV3hx0Xpx352PRWnKKmWP4A+fzB/0kkRE=</latexit>

restoring either can provide a solution to strong CP)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

small�QCD�vacuum�angle�an�“accident”

Spacetime symmetries can arise as gauge symmetries in the context of  
string theory, and can only be broken spontaneously (not explicitly!)

Dine, Leigh, MacIntire (1992) 
Choi, Kaplan, Nelson (1993)



Parity solutions to strong CP

H’
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Solving strong CP by restoring parity requires extending both the 
gauge group, and the matter content of  the Standard Model

Babu, Mohapatra; PRL 62 (1989) & PRD 41 (1990) 
Barr, Chang, Senjanovic; PRL 67 (1991)

“Mirror” sector is an exact copy 
of  the Standard Model, except 
that               doublets become 

doublets of              .
SU(2)L

<latexit sha1_base64="tqbnKhP8MmLh4stXzVcIyyh6k3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSCip4KHjx4KGiaQttKJvtpl262YTdjVBCf4QXD4p49fd489+4aXPQ1gcDj/dmmJnnx5wpbdvfVmFtfWNzq7hd2tnd2z8oHx61VZRIQl0S8Uh2fawoZ4K6mmlOu7GkOPQ57fiTm8zvPFGpWCQe9TSmXohHggWMYG2kzoNbrZ8P7gblil2z50CrxMlJBXK0BuWv/jAiSUiFJhwr1XPsWHsplpoRTmelfqJojMkEj2jPUIFDqrx0fu4MnRlliIJImhIazdXfEykOlZqGvukMsR6rZS8T//N6iQ4uvZSJONFUkMWiIOFIRyj7HQ2ZpETzqSGYSGZuRWSMJSbaJFQyITjLL6+Sdr3mNGpX941K8zqPowgncApVcOACmnALLXCBwASe4RXerNh6sd6tj0VrwcpnjuEPrM8f3eiOnA==</latexit>

SU(2)R

<latexit sha1_base64="vbeCydQDKEFqTmI940VhnjSiAlg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSCip4KHjxWD/SFtpQNttNu3SzCbsboYT+CC8eFPHq7/Hmv3HT5qCtDwYe780wM8+POVPatr+twtr6xuZWcbu0s7u3f1A+PGqrKJGEuiTikez6WFHOBHU105x2Y0lx6HPa8Sc3md95olKxSDzqaUy9EI8ECxjB2kidB7daPx/cD8oVu2bPgVaJk5MK5GgNyl/9YUSSkApNOFaq59ix9lIsNSOczkr9RNEYkwke0Z6hAodUeen83Bk6M8oQBZE0JTSaq78nUhwqNQ190xliPVbLXib+5/USHVx6KRNxoqkgi0VBwpGOUPY7GjJJieZTQzCRzNyKyBhLTLRJqGRCcJZfXiXtes1p1K7uGpXmdR5HEU7gFKrgwAU04RZa4AKBCTzDK7xZsfVivVsfi9aClc8cwx9Ynz/nAI6i</latexit>



Parity solutions to strong CP
“Generalized” parity

SU(2)L $ SU(2)R

<latexit sha1_base64="DsG/v4hjldJyIafjRl9zPcrtR+c=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSDEJuyGgAoWARsLi/jYJJAsy+xkNhky+2DmrhKWlDb+io2FIrZ+gp1/4+RRaOKBC4dz7uXee/xEcAWW9W0sLC4tr6zm1vLrG5tb2+bObl3FqaTMobGIZdMnigkeMQc4CNZMJCOhL1jD71+M/MY9k4rH0R0MEuaGpBvxgFMCWvLMg1unWD72rnBbsAAk7/aASBk/4Il+45kFq2SNgeeJPSUFNEXNM7/anZimIYuACqJUy7YScDMigVPBhvl2qlhCaJ90WUvTiIRMudn4kSE+0koHB7HUFQEeq78nMhIqNQh93RkS6KlZbyT+57VSCE7djEdJCiyik0VBKjDEeJQK7nDJKIiBJoRKrm/FtEckoaCzy+sQ7NmX50m9XLIrpbPrSqF6Po0jh/bRISoiG52gKrpENeQgih7RM3pFb8aT8WK8Gx+T1gVjOrOH/sD4/AEn65gp</latexit>

H $ H
0⇤

<latexit sha1_base64="P4xT5wI2Gi44vCD/s8sAuP8d04o=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tFFA8lkYIKHgpeeqxgP6CNZbPdtEs32bA7UUrswb/ixYMiXv0b3vw3bmsO2vpg4PHeDDPz/FhwDY7zZeUWFpeWV/KrhbX1jc0te3unoWWiKKtTKaRq+UQzwSNWBw6CtWLFSOgL1vSHVxO/eceU5jK6gVHMvJD0Ix5wSsBIXXuvijuCBaB4fwBEKXmPq0e3J1276JScKfA8cTNSRBlqXfuz05M0CVkEVBCt264Tg5cSBZwKNi50Es1iQoekz9qGRiRk2kun94/xoVF6OJDKVAR4qv6eSEmo9Sj0TWdIYKBnvYn4n9dOIDj3Uh7FCbCI/iwKEoFB4kkYuMcVoyBGhhCquLkV0wFRhIKJrGBCcGdfnieN05JbLl1cl4uVyyyOPNpHB+gYuegMVVAV1VAdUfSAntALerUerWfrzXr/ac1Z2cwu+gPr4xvfEJVc</latexit>

Q,U,D $ Q0†, U 0†, D0†

<latexit sha1_base64="aRH24zsXCguxmiyLrhCoBIgtiOA=">AAACI3icbZDJSgNBEIZ73I1b1KOXxiB6kDAjARc8CHrwaMAskMTQ06mZNOlZ6K5RwpB38eKrePGgiBcPvoudOEhM/KHh468qqut3Yyk02vanNTM7N7+wuLScW1ldW9/Ib25VdZQoDhUeyUjVXaZBihAqKFBCPVbAAldCze1dDuu1e1BaROEt9mNoBcwPhSc4Q2O182flQ1o5pFe0KcFDJfwuMqWiB1rev2t2mO+DMg1jfPXL7XzBLtoj0WlwMiiQTDft/HuzE/EkgBC5ZFo3HDvGVsoUCi5hkGsmGmLGe8yHhsGQBaBb6ejGAd0zTod6kTIvRDpyxydSFmjdD1zTGTDs6sna0Pyv1kjQO2mlIowThJD/LPISSTGiw8BoRyjgKPsGGFfC/JXyLlOMo4k1Z0JwJk+ehupR0SkVT8ulwsV5FscS2SG75IA45JhckGtyQyqEk0fyTF7Jm/VkvVjv1sdP64yVzWyTP7K+vgGOGqJq</latexit>

= ordinary parity 
+ exchange of  Standard Model and mirror sector fields

and          gauge sectors are not duplicated SU(3)

<latexit sha1_base64="BoF49Zq+Q4rzsQami+8a8GN/HzY=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9nVggoeCl48VnTbQruUbJptQ7PJkmSFsvQ3ePGgiFd/kDf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw6aWqSLUJ5JL1Q6xppwJ6htmOG0niuI45LQVjm6nfuuJKs2keDTjhAYxHggWMYKNlfwHv3Jx1iuV3ao7A1omXk7KkKPRK311+5KkMRWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LBY6pDrLZsRN0apU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT9GG4C2+vEya51WvVr2+r5XrN3kcBTiGE6iAB5dQhztogA8EGDzDK7w5wnlx3p2PeeuKk88cwR84nz+Po43e</latexit>

U(1)

<latexit sha1_base64="spQnVV6uA992wSNYY5MCwnnwPgY=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkoIKHghePFUxbaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeWHCmTau++2srW9sbm2Xdsq7e/sHh5Wj47aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLnL/c4TVZrF8tFMExoIPJIsYgSbXPJr3sWgUnXr7hxolXgFqUKB1qDy1R/GJBVUGsKx1j3PTUyQYWUY4XRW7qeaJphM8Ij2LJVYUB1k81tn6NwqQxTFypY0aK7+nsiw0HoqQtspsBnrZS8X//N6qYmug4zJJDVUksWiKOXIxCh/HA2ZosTwqSWYKGZvRWSMFSbGxlO2IXjLL6+S9mXda9RvHhrV5m0RRwlO4Qxq4MEVNOEeWuADgTE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/6IiNfw==</latexit>

transform as usual under parity)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

Optional�*in�principle*�(more�soon)

ensures�that����remains�odd�under�“generalized”�parity�
—�Crucial�to�solve�strong�CP�problem we’ll�just�call�it�parity



Parity solutions to strong CP
With this extended gauge sector and matter content, 

parity can be a good symmetry

✓q = arg det(yuyd) + arg det(y0⇤u y0⇤d ) = 0

<latexit sha1_base64="Q1kppUDVC5+Fard2Q5yrWB9kagI="></latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

✓s = 0

<latexit sha1_base64="5dfNdqxtZvWFrpkqQ24h9JhOaUw=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBU0mkoIJCwYvHCvYDmlA220m7dLMJuxOhlP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hbX1jc6u4XdrZ3ds/KB8etUySaQ5NnshEd0JmQAoFTRQooZNqYHEooR2O7mZ++wm0EYl6xHEKQcwGSkSCM7SS7+MQkPUMvaVur1xxq+4cdJV4OamQHI1e+cvvJzyLQSGXzJiu56YYTJhGwSVMS35mIGV8xAbQtVSxGEwwmd88pWdW6dMo0bYU0rn6e2LCYmPGcWg7Y4ZDs+zNxP+8bobRVTARKs0QFF8sijJJMaGzAGhfaOAox5YwroW9lfIh04yjjalkQ/CWX14lrYuqV6teP9Qq9Zs8jiI5IafknHjkktTJPWmQJuEkJc/klbw5mfPivDsfi9aCk88ckz9wPn8A27GQ6Q==</latexit>

L � ✓sg2

32⇡2
tr
⇣
Gµ⌫G̃

µ⌫
⌘

<latexit sha1_base64="ulWhEgjU2SRIIZZE1K4ex218xcU="></latexit>

• Vanishing coefficient of  the            topological operator:

• Equal Yukawa couplings in the Standard Model and mirror sectors:

this�requires…

SU(3)

<latexit sha1_base64="BoF49Zq+Q4rzsQami+8a8GN/HzY=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9nVggoeCl48VnTbQruUbJptQ7PJkmSFsvQ3ePGgiFd/kDf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw6aWqSLUJ5JL1Q6xppwJ6htmOG0niuI45LQVjm6nfuuJKs2keDTjhAYxHggWMYKNlfwHv3Jx1iuV3ao7A1omXk7KkKPRK311+5KkMRWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LBY6pDrLZsRN0apU+iqSyJQyaqb8nMhxrPY5D2xljM9SL3lT8z+ukJroKMiaS1FBB5ouilCMj0fRz1GeKEsPHlmCimL0VkSFWmBibT9GG4C2+vEya51WvVr2+r5XrN3kcBTiGE6iAB5dQhztogA8EGDzDK7w5wnlx3p2PeeuKk88cwR84nz+Po43e</latexit>

with y0u = yu

<latexit sha1_base64="1USa09tcnBexGzRJJPKDq44Lhoc=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQAWFgBePEcwDk2WZnUySIbOzyzyEZclfePGgiFf/xpt/4yTZgyYWNBRV3XR3hQlnSrvut1NYWV1b3yhulra2d3b3yvsHLRUbSWiTxDyWnRArypmgTc00p51EUhyFnLbD8e3Ubz9RqVgsHnSaUD/CQ8EGjGBtpcf0NDDoBqWBCcoVt+rOgJaJl5MK5GgE5a9ePyYmokITjpXqem6i/QxLzQink1LPKJpgMsZD2rVU4IgqP5tdPEEnVumjQSxtCY1m6u+JDEdKpVFoOyOsR2rRm4r/eV2jB5d+xkRiNBVkvmhgONIxmr6P+kxSonlqCSaS2VsRGWGJibYhlWwI3uLLy6R1XvVq1av7WqV+ncdRhCM4hjPw4ALqcAcNaAIBAc/wCm+Ocl6cd+dj3lpw8plD+APn8wd3HpAi</latexit>

at�tree-level,�parity�enforces����=�O�!



Fine-tuning
Parity must be broken, e.g. softly in the scalar potential:

Different vev’s in the Standard Model and mirror 
sectors requires fine-tuning, already at tree-level: ��1 ' 2v2

v02

<latexit sha1_base64="qi84wTgrf6S9TYCEDBJARepuO1c=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRC0MeyGgAoWAS0sI5gHZDdhdnI3GTL7cGY2EJb9Aht/xcZCEVtrO//GyaPQxAP3cjjnXmbucSPOpDLNbyOzsrq2vpHdzG1t7+zu5fcPGjKMBYU6DXkoWi6RwFkAdcUUh1YkgPguh6Y7vJ74zREIycLgXo0jcHzSD5jHKFFa6uaL9g1wRTrJmZViWzIfHrDtCUKTMh51ymkyOtG9my+YJXMKvEysOSmgOWrd/JfdC2nsQ6AoJ1K2LTNSTkKEYpRDmrNjCRGhQ9KHtqYB8UE6yfScFBe10sNeKHQFCk/V3xsJ8aUc+66e9IkayEVvIv7ntWPlXTgJC6JYQUBnD3kxxyrEk2xwjwmgio81IVQw/VdMB0SHoXSCOR2CtXjyMmmUS1aldHlXKVSv5nFk0RE6RqfIQueoim5RDdURRY/oGb2iN+PJeDHejY/ZaMaY7xyiPzA+fwC4oZtF</latexit>

parity-breaking�mass�term

V (H,H
0) = �m

2
H
(|H|2 + |H 0|2) + �(|H|2 + |H 0|2)2

<latexit sha1_base64="HjUa6hWTz99oMyQw5d5aDDtun74=">AAACKHicbZDLSgMxFIYz9VbrbdSlm2CRtqhlphRUUCy4mWUFWwu9kclk2tDMhSQjlGkfx42v4kZEkW59EtN2Ftp6IOTj/3OSnN8OGRXSMCZaamV1bX0jvZnZ2t7Z3dP3D+oiiDgmNRywgDdsJAijPqlJKhlphJwgz2bk0R7cTf3HJ8IFDfwHOQxJ20M9n7oUI6mkrn5bz1tnVq4Ab+A59LpWpwTzI2uktlM4snIKCopaTN3ooCWrU+rqWaNozAoug5lAFiRV7ervLSfAkUd8iRkSomkaoWzHiEuKGRlnWpEgIcID1CNNhT7yiGjHs0HH8EQpDnQDrpYv4Uz93REjT4ihZ6uTHpJ9sehNxf+8ZiTdy3ZM/TCSxMfzh9yIQRnAaWrQoZxgyYYKEOZU/RXiPuIIS5VtRoVgLo68DPVS0SwXr+7L2cp1EkcaHIFjkAcmuAAVYIEqqAEMnsEr+ACf2ov2pn1pk/nRlJb0HII/pX3/AFt7oB0=</latexit>

+(|H|4 + |H 0|4) + µ
2|H|2

<latexit sha1_base64="D1LEITMFUhxT0o83V6ySsy9Iba8=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxiRSgzpaCCi4KbLivYC7TTkkkzbWgmE5KMUKZ9BTe+ihsXirh15863MdN2oa0HAl/+/xyS8/uCUaUd59taWV1b39jMbGW3d3b39u2Dw7qKYolJDUcskk0fKcIoJzVNNSNNIQkKfUYa/vA29RsPRCoa8Xs9EsQLUZ/TgGKkjdS18/ACtodICATz48q4UzL3ceXMwHnqhHGnCFO92LVzTsGZFlwGdw45MK9q1/5q9yIch4RrzJBSLdcR2kuQ1BQzMsm2Y0UEwkPUJy2DHIVEecl0owk8NUoPBpE0h2s4VX9PJChUahT6pjNEeqAWvVT8z2vFOrjyEspFrAnHs4eCmEEdwTQe2KOSYM1GBhCW1PwV4gGSCGsTYtaE4C6uvAz1YsEtFa7vSrnyzTyODDgGJyAPXHAJyqACqqAGMHgEz+AVvFlP1ov1bn3MWles+cwR+FPW5w/XMpnl</latexit>

same�as�in�Twin�Higgs�theories�(Higgs�as�a�pNGB)

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

��1 & 10�10

<latexit sha1_base64="8k5AQJ8R6rO97D7sTob7aomzvQw=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4scxIQQUXBV24rGAf0BlLJs20oZkHyR2hDLNx46+4caGIW//BnX9jpp2Fth4InJxzLsk9Xiy4Asv6NhYWl5ZXVktr5fWNza1tc2e3paJEUtakkYhkxyOKCR6yJnAQrBNLRgJPsLY3usr99gOTikfhHYxj5gZkEHKfUwJa6pkHzjUTQO7TEzvDzgB0MsC2ld+trGdWrKo1AZ4ndkEqqECjZ345/YgmAQuBCqJU17ZicFMigVPBsrKTKBYTOiID1tU0JAFTbjrZIsNHWuljP5L6hIAn6u+JlARKjQNPJwMCQzXr5eJ/XjcB/9xNeRgnwEI6fchPBIYI55XgPpeMghhrQqjk+q+YDokkFHRxZV2CPbvyPGmdVu1a9eK2VqlfFnWU0D46RMfIRmeojm5QAzURRY/oGb2iN+PJeDHejY9pdMEoZvbQHxifP2gVlzo=</latexit>

v0 . 107 � 108 GeV

<latexit sha1_base64="oQtOiUFmCI6pjpivpNofTbCLQvw=">AAACDHicbVDLSgMxFM3UV62vqks3wSK6scxIoRVcFFzosoJ9QKeWTHqnDU1mhiRTKEM/wI2/4saFIm79AHf+jWk7C209EHI451ySe7yIM6Vt+9vKrKyurW9kN3Nb2zu7e/n9g4YKY0mhTkMeypZHFHAWQF0zzaEVSSDC49D0htdTvzkCqVgY3OtxBB1B+gHzGSXaSN18YXSKXQ5KKSawYz+U8fn0qmAXJ64U+AYaE5Oyi/YMeJk4KSmgFLVu/svthTQWEGjKiVJtx450JyFSM8phknNjBRGhQ9KHtqEBEaA6yWyZCT4xSg/7oTQn0Him/p5IiFBqLDyTFEQP1KI3Ff/z2rH2K52EBVGsIaDzh/yYYx3iaTO4xyRQzceGECqZ+SumAyIJ1aa/nCnBWVx5mTQuik6peHlXKlSv0jqy6AgdozPkoDKqoltUQ3VE0SN6Rq/ozXqyXqx362MezVjpzCH6A+vzBzunmJM=</latexit>



(



Twin Higgs

Ingredients:

Z2

<latexit sha1_base64="gwmJ3b5aemJgECZd/wp1w9cWzCY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSloIKLghuXFWwrNqFMppN26GQS5iGU0N9w40IRt/6MO//GSZuFth4YOJxzL/fMCVPOlHbdb6e0tr6xuVXeruzs7u0fVA+PuioxktAOSXgiH0KsKGeCdjTTnD6kkuI45LQXTm5yv/dEpWKJuNfTlAYxHgkWMYK1lXw/xnochtnjbNAYVGtu3Z0DrRKvIDUo0B5Uv/xhQkxMhSYcK9X33FQHGZaaEU5nFd8ommIywSPat1TgmKogm2eeoTOrDFGUSPuERnP190aGY6WmcWgn84xq2cvF/7y+0dFlkDGRGk0FWRyKDEc6QXkBaMgkJZpPLcFEMpsVkTGWmGhbU8WW4C1/eZV0G3WvWb+6a9Za10UdZTiBUzgHDy6gBbfQhg4QSOEZXuHNMc6L8+58LEZLTrFzDH/gfP4A+fGRpQ==</latexit>

Higgs as a pseudo-NGB of  an approximate             global symmetrySU(4)

<latexit sha1_base64="7tGpDW0CN+f2/x3KUtsqC2ZDqII=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXCip4KHjxWNFtC+1Ssmm2Dc1mlyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsSwbVxnG9UWFvf2Nwqbpd2dvf2D8qHRy0dp4oyj8YiVp2AaCa4ZJ7hRrBOohiJAsHawfh25refmNI8lo9mkjA/IkPJQ06JsZL34FXr5/1yxak5c+BV4uakAjma/fJXbxDTNGLSUEG07rpOYvyMKMOpYNNSL9UsIXRMhqxrqSQR0342P3aKz6wywGGsbEmD5+rviYxEWk+iwHZGxIz0sjcT//O6qQmv/IzLJDVM0sWiMBXYxHj2OR5wxagRE0sIVdzeiumIKEKNzadkQ3CXX14lrYuaW69d39crjZs8jiKcwClUwYVLaMAdNMEDChye4RXekEQv6B19LFoLKJ85hj9Anz+RKI3f</latexit>

• Twin sector that is a copy of  the Standard Model ✔
•       that exchanges Standard Model and mirror sector fields ✔

the�internal�part�of�our�generalized�parity�symmetry

SU(4)

<latexit sha1_base64="7tGpDW0CN+f2/x3KUtsqC2ZDqII=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXCip4KHjxWNFtC+1Ssmm2Dc1mlyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsSwbVxnG9UWFvf2Nwqbpd2dvf2D8qHRy0dp4oyj8YiVp2AaCa4ZJ7hRrBOohiJAsHawfh25refmNI8lo9mkjA/IkPJQ06JsZL34FXr5/1yxak5c+BV4uakAjma/fJXbxDTNGLSUEG07rpOYvyMKMOpYNNSL9UsIXRMhqxrqSQR0342P3aKz6wywGGsbEmD5+rviYxEWk+iwHZGxIz0sjcT//O6qQmv/IzLJDVM0sWiMBXYxHj2OR5wxagRE0sIVdzeiumIKEKNzadkQ3CXX14lrYuaW69d39crjZs8jiKcwClUwYVLaMAdNMEDChye4RXekEQv6B19LFoLKJ85hj9Anz+RKI3f</latexit>

Higgs quadratic term satisfies an             global symmetry)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

Chacko, Goh, Harnik, hep-ph/0506256 
& hep-ph/0512088

Quadratic sensitivity of  mass-squared parameter in the scalar potential 
remains           -symmetric       doesn’t affect the mass of  the pseudo-NGBSU(4)

<latexit sha1_base64="7tGpDW0CN+f2/x3KUtsqC2ZDqII=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BItQL2VXCip4KHjxWNFtC+1Ssmm2Dc1mlyQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsSwbVxnG9UWFvf2Nwqbpd2dvf2D8qHRy0dp4oyj8YiVp2AaCa4ZJ7hRrBOohiJAsHawfh25refmNI8lo9mkjA/IkPJQ06JsZL34FXr5/1yxak5c+BV4uakAjma/fJXbxDTNGLSUEG07rpOYvyMKMOpYNNSL9UsIXRMhqxrqSQR0342P3aKz6wywGGsbEmD5+rviYxEWk+iwHZGxIz0sjcT//O6qQmv/IzLJDVM0sWiMBXYxHj2OR5wxagRE0sIVdzeiumIKEKNzadkQ3CXX14lrYuaW69d39crjZs8jiKcwClUwYVLaMAdNMEDChye4RXekEQv6B19LFoLKJ85hj9Anz+RKI3f</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

1�left:�the�SM�Higgs

SU(4)����SU(3):�7�Goldstone�bosons
3�eaten�by�SU(2)L
3�eaten�by�SU(2)R



Twin Higgs
Chacko, Goh, Harnik, hep-ph/0506256 

& hep-ph/0512088

Mirror (twin) Higgs vev is pulled up to the cutoff
)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

⇤ . 4⇡v0

<latexit sha1_base64="n7BGLjAkDE7pYWfDXT/3jhz9sNY=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyiq5JIQQUXBTcuXFSwD2hCmUxu2qGTSZiZFEqpG3/FjQtF3PoX7vwbp20W2npg4HDOudy5J0g5U9pxvq2l5ZXVtfXCRnFza3tn197bb6gkkxTqNOGJbAVEAWcC6pppDq1UAokDDs2gfzPxmwOQiiXiQQ9T8GPSFSxilGgjdexD786EQ4I9DkopFuOKlzI8OO3YJafsTIEXiZuTEspR69hfXpjQLAahKSdKtV0n1f6ISM0oh3HRyxSkhPZJF9qGChKD8kfTC8b4xCghjhJpntB4qv6eGJFYqWEcmGRMdE/NexPxP6+d6ejSHzGRZhoEnS2KMo51gid14JBJoJoPDSFUMvNXTHtEEqpNaUVTgjt/8iJpnJfdSvnqvlKqXud1FNAROkZnyEUXqIpuUQ3VEUWP6Bm9ojfryXqx3q2PWXTJymcO0B9Ynz8SmpYA</latexit>

UV-completion needed at scale

we�only�need�to�stabilize�one�scale,�not�two!

Albaid, Dine, Draper, 1510.03392 (cf.������������������������������������)�

Solving the full hierarchy problem requires explaining                   , 
but    already stabilized by the Twin Higgs mechanism

v02 ⌧ M2
Pl

<latexit sha1_base64="mJFwwY2TmMH9vzrqtBqro2e58Ko=">AAAB+nicbVDLSgNBEOyNrxhfGz16GQyip7AbAip4CHjxIkQwD0g2y+xkNhky+2BmNhLWfIoXD4p49Uu8+TdOkj1oYkFDUdVNd5cXcyaVZX0bubX1jc2t/HZhZ3dv/8AsHjZllAhCGyTikWh7WFLOQtpQTHHajgXFgcdpyxvdzPzWmArJovBBTWLqBHgQMp8RrLTkmsXxWa+CupyjOzet82mv4polq2zNgVaJnZESZKi75le3H5EkoKEiHEvZsa1YOSkWihFOp4VuImmMyQgPaEfTEAdUOun89Ck61Uof+ZHQFSo0V39PpDiQchJ4ujPAaiiXvZn4n9dJlH/ppCyME0VDsljkJxypCM1yQH0mKFF8ogkmgulbERligYnSaRV0CPbyy6ukWSnb1fLVfbVUu87iyMMxnMA52HABNbiFOjSAwCM8wyu8GU/Gi/FufCxac0Y2cwR/YHz+AJRekuw=</latexit>

v

<latexit sha1_base64="3x8w1Qd9KWhAD4gAW02JwrArXts=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQAUPAS8eEzAPSJYwO+lNxszOLjOzgRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSVPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo/u53xqj0jyWj2aSoB/RgeQhZ9RYqT7uFUtu2V2ArBMvIyXIUOsVv7r9mKURSsME1brjuYnxp1QZzgTOCt1UY0LZiA6wY6mkEWp/ujh0Ri6s0idhrGxJQxbq74kpjbSeRIHtjKgZ6lVvLv7ndVIT3vhTLpPUoGTLRWEqiInJ/GvS5wqZERNLKFPc3krYkCrKjM2mYEPwVl9eJ82rslcp39YrpepdFkcezuAcLsGDa6jCA9SgAQwQnuEV3pwn58V5dz6WrTknmzmFP3A+fwDlQ40A</latexit>

Parity solutions to the strong CP problem do not introduce a second 
hierarchy problem, because of  their “built-in” Twin Higgs structure



(



Parity-breaking scale

Bounds on colored particles seemingly put the 
theory in a regime of  unacceptable fine-tuning

mu0 = mu ⇥ v0

v
& 1 TeV

<latexit sha1_base64="9vcesEw19oMYOSkfjTcjGFnSeKg=">AAACH3icbVDLSsNAFJ34tr6qLt1cLKKrkoj4AAXBjUuFthaaEibTSTt0JgkzN4US8idu/BU3LhQRd/0bp7ULrR4YOJxzD3PvCVMpDLruyJmbX1hcWl5ZLa2tb2xulbd3GibJNON1lshEN0NquBQxr6NAyZup5lSFkj+E/Zux/zDg2ogkruEw5W1Fu7GIBKNopaB8qoI8OyzgClSQgY9CcQN+pCnLB4dFPijA76KNK/DAh9zXCmq8UQTlilt1J4C/xJuSCpniLih/+p2EZYrHyCQ1puW5KbZzqlEwyYuSnxmeUtanXd6yNKZ2j3Y+ua+AA6t0IEq0fTHCRP2ZyKkyZqhCO6ko9sysNxb/81oZRuftXMRphjxm3x9FmQRMYFwWdITmDOXQEsq0sLsC61FbDtpKS7YEb/bkv6RxXPVOqhf3J5Xry2kdK2SP7JMj4pEzck1uyR2pE0YeyTN5JW/Ok/PivDsf36NzzjSzS37BGX0Bf1eiBQ==</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

v0 & 108 GeV

<latexit sha1_base64="4VaeZtmoiOadJflB++HAUM0SPn0=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCtwq4EjGARsNAygnlAdg2zk7vJkJndZWY2EJYUNv6KjYUitn6EnX/j5FFo4oGBwznncueeIOFMacf5tlZW19Y3NnNb+e2d3b19++CwoeJUUqjTmMeyFRAFnEVQ10xzaCUSiAg4NIPB9cRvDkEqFkf3epSAL0gvYiGjRBupYxeGp9jraRMQ2HUeKtjDmScFvoHGuGMXnZIzBV4m7pwU0Ry1jv3ldWOaCog05USptusk2s+I1IxyGOe9VEFC6ID0oG1oRAQoP5seMcYnRuniMJbmRRpP1d8TGRFKjURgkoLovlr0JuJ/XjvVYcXPWJSkGiI6WxSmHOsYTxrBXSaBaj4yhFDJzF8x7RNJqDa95U0J7uLJy6RxXnLLpcu7crF6Na8jhwroGJ0hF12gKrpFNVRHFD2iZ/SK3qwn68V6tz5m0RVrPnOE/sD6/AETyJZ2</latexit>

fine-tuning�worse�
than�1�in�10��!!10

108

<latexit sha1_base64="Ue3TRamYpvYzMVSWE0CFNv/tQaY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7IrhdZbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ772ByVK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMWHTT5mME0MlWS0KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPCUbgrf+8ibpXte8eu3mvl5pVfM4inABl1AFDxrQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4AEuSNiw==</latexit>

102

<latexit sha1_base64="Uzk3SCmsnQn6BlTVSVXhxK1USgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7JbCtVbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ77WB+VK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMeG1nzIZJ4ZKsloUJhyZCGWPozFTlBg+twQTxeytiEyxwsTYeEo2BG/95U3Srde8Ru3mvlFpVfM4inABl1AFD5rQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4ACcyNhQ==</latexit>

104

<latexit sha1_base64="f6VRveEhpKMKif0vamjyayef0ds=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m956o0iySD2YeU1/giWQhI9hkkuc+NkfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCa/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5PuZcNrNm7um7VWvYijDGdwDnXw4ApacAdt6ACBKTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8M1I2H</latexit>

106

<latexit sha1_base64="Ont0P2ef0eibwxgTrddwwZrYLGM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7Irpeqt4MVjBfsB7VqyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH8wspr7AY8lCRrDJJM99bAzLFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDaT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNa8eu3mvl5pVvM4inAG51AFD66gCXfQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBD9yNiQ==</latexit>

⇤ (GeV)

<latexit sha1_base64="gkoyEtT2xgHYVjp7Se/QyOkRBPA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKai7ggtduKhgH9CEMplM26GTSZiZCCUU/BU3LhRx63e482+ctllo64GBwznncu+cIOFMacf5tgorq2vrG8XN0tb2zu6evX/QUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywup767UcqFYvFgx4n1I/wQLA+I1gbqWcfeXcmHGLkocyTEarc0NbZpGeXnaozA1ombk7KkKPRs7+8MCZpRIUmHCvVdZ1E+xmWmhFOJyUvVTTBZIQHtGuowBFVfjY7f4JOjRKifizNExrN1N8TGY6UGkeBSUZYD9WiNxX/87qp7l/6GRNJqqkg80X9lCMdo2kXKGSSEs3HhmAimbkVkSGWmGjTWMmU4C5+eZm0zqturXp1XyvXK3kdRTiGE6iACxdQh1toQBMIZPAMr/BmPVkv1rv1MY8WrHzmEP7A+vwBOaqUTg==</latexit>

h0

<latexit sha1_base64="roB6qx8DrEkfOr0ySeupykw8AyY=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorPQzPeqWyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NLJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzacog3BW3x5mTQvKl61cn1fLddu8jgKcAwncA4eXEIN7qAODWAQwjO8wpszcl6cd+dj3rri5DNH8AfO5w8wgo0j</latexit>

t0

<latexit sha1_base64="ZYLc+fp8JTP9ZR36vr3dR4OaMbQ=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6QHPeqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn80unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G3SF5ozlGNLKNPC3krYkGrK0IZTtCF4iy8vk+ZFxatWru+r5dpNHkcBjuEEzsGDS6jBHdShAQxCeIZXeHNGzovz7nzMW1ecfOYI/sD5/AFCvo0v</latexit>

u0

<latexit sha1_base64="VckvM207yc9lVROrZueu5Jc6Am4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6SE965XKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fja7dEJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtO0YbgLb68TJoXFa9aub6vlms3eRwFOIYTOAcPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxb11x8pkj+APn8wdEQ40w</latexit>

d0

<latexit sha1_base64="LUpheg98UccXCwkdio0k0LSwnyE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut7Oyura+sVnYKm7v7O7tlw4OmybJNOMNlshEtwNquBSKN1Cg5O1UcxoHkreC4e3Ubz1xbUSiHnGUcj+mfSUiwSha6SE865XKbsWdgSwTLydlyFHvlb66YcKymCtkkhrT8dwU/THVKJjkk2I3MzylbEj7vGOpojE3/nh26YScWiUkUaJtKSQz9ffEmMbGjOLAdsYUB2bRm4r/eZ0Moyt/LFSaIVdsvijKJMGETN8modCcoRxZQpkW9lbCBlRThjacog3BW3x5mTQvKl61cn1fLddu8jgKcAwncA4eXEIN7qAODWAQwTO8wpszdF6cd+dj3rri5DNH8AfO5w8qbo0f</latexit>

s0

<latexit sha1_base64="CW3JxsAElt7rKCm9xFeLEfvRv/s=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorPeizXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezSCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2naEPwFl9eJs2LiletXN9Xy7WbPI4CHMMJnIMHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYt644+cwR/IHz+QNBOY0u</latexit>

b0

<latexit sha1_base64="me12D3hbl3jSEndy6eUOmcGSJnw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorPQRnvVLZrbgzkGXi5aQMOeq90le3H7M0QmmYoFp3PDcxfkaV4UzgpNhNNSaUjegAO5ZKGqH2s9mlE3JqlT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtO0YbgLb68TJoXFa9aub6vlms3eRwFOIYTOAcPLqEGd1CHBjAI4Rle4c0ZOS/Ou/Mxb11x8pkj+APn8wcnZI0d</latexit>

W 0

<latexit sha1_base64="Sto1+pGAfIeYqKfQsgRaULE+oo8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorPbTOeqWyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NLJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzacog3BW3x5mTQvKl61cn1fLddu8jgKcAwncA4eXEIN7qAODWAQwjO8wpszcl6cd+dj3rri5DNH8AfO5w8WrY0S</latexit>

Z 0

<latexit sha1_base64="VNHK9mjhlu24deAN+4V2bIjKAFI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQAUPAS8eo5gHJiHMTnqTIbOzy8ysEJb8gRcPinj1j7z5N06SPWhiQUNR1U13lx8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6GbqN59QaR7JBzOOsRvSgeQBZ9RY6f7xtFcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns0gk5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjsplzGiUHJ5ouCRBATkenbpM8VMiPGllCmuL2VsCFVlBkbTsGG4C2+vEwa52WvUr66q5Sq11kceTiCYzgDDy6gCrdQgzowCOAZXuHNGTkvzrvzMW/NOdnMIfyB8/kDGzyNFQ==</latexit>

c0

<latexit sha1_base64="IBJYfDOxQbhhImbe2IsCiSEkgS4=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorPbCzXqnsVtwZyDLxclKGHPVe6avbj1kaoTRMUK07npsYP6PKcCZwUuymGhPKRnSAHUsljVD72ezSCTm1Sp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2naEPwFl9eJs2LiletXN9Xy7WbPI4CHMMJnIMHl1CDO6hDAxiE8Ayv8OaMnBfn3fmYt644+cwR/IHz+QMo6Y0e</latexit>

SM

D’Agnolo, Hook; 1507.00336 end�of�my�talk??

Naively, mirror spectrum is just a copy of  the 
Standard Model, just heavier by a factor of           .v0/v

<latexit sha1_base64="/btYRODub+QJkLfp78ZFtR0Ou7Q=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRU92VggoeCl48VrAf0C4lm2bb0CS7JNlCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHyf+e0JVZpF8slMY+oLPJQsZASbTJqcX0765YpbdedAq8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKezUi/RNMZkjIe0a6nEgmo/nd86Q2dWGaAwUrakQXP190SKhdZTEdhOgc1IL3uZ+J/XTUx446dMxomhkiwWhQlHJkLZ42jAFCWGTy3BRDF7KyIjrDAxNp6SDcFbfnmVtK6qXq16+1ir1O/yOIpwAqdwAR5cQx0eoAFNIDCCZ3iFN0c4L86787FoLTj5zDH8gfP5A4sijeo=</latexit>

��1 ' 2v2

v02
⇠ 10�11

<latexit sha1_base64="PLPjANOYW4YHsKcqVwi5YepfWfc=">AAACHHicbVDLSgMxFM3UV62vUZdugkV0Y5mpBRVcFHThsoJ9QKctmfROG5p5mGQKZZgPceOvuHGhiBsXgn9j+lho64GEwznnktzjRpxJZVnfRmZpeWV1Lbue29jc2t4xd/dqMowFhSoNeSgaLpHAWQBVxRSHRiSA+C6Huju4Hvv1IQjJwuBejSJo+aQXMI9RorTUMc+cG+CKtJNTO8WOZD48YMcThCZFPGwX02R4rO+Jg21rHLPTjpm3CtYEeJHYM5JHM1Q65qfTDWnsQ6AoJ1I2bStSrYQIxSiHNOfEEiJCB6QHTU0D4oNsJZPlUnyklS72QqFPoPBE/T2REF/Kke/qpE9UX857Y/E/rxkr76KVsCCKFQR0+pAXc6xCPG4Kd5kAqvhIE0IF03/FtE90NUr3mdMl2PMrL5JasWCXCpd3pXz5alZHFh2gQ3SCbHSOyugWVVAVUfSIntErejOejBfj3fiYRjPGbGYf/YHx9QPoI5/8</latexit>



Vector-like fermion masses
There is an additional fermion mass term we can write

L � (Mu)ij UiU
0
j + h.c.

<latexit sha1_base64="uiZpi18DLsKDFkXRCngNxXGNEfg="></latexit>

M†
u = Mu

<latexit sha1_base64="rkDp1RnYrOvdoj57qLRDKC/0Xfw=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgqiRSUEGh4MaNUME+oIlhMpm0QyeTMDMRSugXuPFX3LhQxK1rd/6NkzYL23rgwuGce7n3Hj9hVCrL+jFKK6tr6xvlzcrW9s7unrl/0JFxKjBp45jFoucjSRjlpK2oYqSXCIIin5GuP7rO/e4jEZLG/F6NE+JGaMBpSDFSWvLMmhMhNcSIZbcTL31wAjQYEAGv4JzumVWrbk0Bl4ldkCoo0PLMbyeIcRoRrjBDUvZtK1FuhoSimJFJxUklSRAeoQHpa8pRRKSbTd+ZwJpWAhjGQhdXcKr+nchQJOU48nVnfqRc9HLxP6+fqvDczShPUkU4ni0KUwZVDPNsYEAFwYqNNUFYUH0rxEMkEFY6wYoOwV58eZl0Tut2o35x16g2L4s4yuAIHIMTYIMz0AQ3oAXaAIMn8ALewLvxbLwaH8bnrLVkFDOHYA7G1y98vpxi</latexit>

with

Mu =

 
0 v0

p
2
y0⇤u

vp
2
yTu Mu

!

<latexit sha1_base64="6SS+EmzQ7sz8j0mHlxE9Up+/gTw="></latexit>

6x6�fermion�
mass�matrix

✓q = arg det(MuMd)

<latexit sha1_base64="+g4Sue69Llele5XaQTXQ98+WNoU=">AAACJ3icbVDJSgNBEO1xN26jHr00BkEvYUYCKqgIXrwICmaBTBh6eipJY89id40QhvkbL/6KF0FF9Oif2FkOGn3Q8Pq9KqrqBakUGh3n05qanpmdm19YLC0tr6yu2esbdZ1kikONJzJRzYBpkCKGGgqU0EwVsCiQ0Ahuzwd+4x6UFkl8g/0U2hHrxqIjOEMj+faphz1A5t/RE5p7KqJMdQvqjXgIWNBd6kUMe0GQXxZ+9vMT0j3fLjsVZwj6l7hjUiZjXPn2ixcmPIsgRi6Z1i3XSbGdM4WCSyhKXqYhZfyWdaFlaMwi0O18eGdBd4wS0k6izIuRDtWfHTmLtO5HgakcbKknvYH4n9fKsHPYzkWcZggxHw3qZJJiQgeh0VAo4Cj7hjCuhNmV8h5TjKOJtmRCcCdP/kvq+xW3Wjm6rpbPjsdxLJAtsk12iUsOyBm5IFekRjh5IE/klbxZj9az9W59jEqnrHHPJvkF6+sbfmClGw==</latexit>

= arg det(yuyd) + arg det(y0⇤u y0⇤d ) = 0

<latexit sha1_base64="y4CmSphpPwxfFWRcCclVysAcaaU="></latexit>

true�even�if�the�vector-like�mass�were�not�hermitian!

Vector-like masses for           -singlets are only possible 
in the version of  the model with a single         factor

SU(2)

<latexit sha1_base64="fiLHJLJMOQcVSTpTuESbqesu4/A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXspuKajgoeDFY0XXFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLa+sblV3C7t7O7tH5QPjx61TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxYOZJDSI8VCwiBFsrOTf+9X6eb9ccWvuHGiVeDmpQI5Wv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjmx07RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmugyyJhIUkMFWSyKUo6MRLPP0YApSgyfWIKJYvZWREZYYWJsPiUbgrf88ip5rNe8Ru3qrlFpXudxFOEETqEKHlxAE26hBT4QYPAMr/DmCOfFeXc+Fq0FJ585hj9wPn8Ajh6N3Q==</latexit>

U(1)

<latexit sha1_base64="spQnVV6uA992wSNYY5MCwnnwPgY=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0mkoIKHghePFUxbaEPZbDft0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeWHCmTau++2srW9sbm2Xdsq7e/sHh5Wj47aOU0WoT2Ieq26INeVMUt8ww2k3URSLkNNOOLnL/c4TVZrF8tFMExoIPJIsYgSbXPJr3sWgUnXr7hxolXgFqUKB1qDy1R/GJBVUGsKx1j3PTUyQYWUY4XRW7qeaJphM8Ij2LJVYUB1k81tn6NwqQxTFypY0aK7+nsiw0HoqQtspsBnrZS8X//N6qYmug4zJJDVUksWiKOXIxCh/HA2ZosTwqSWYKGZvRWSMFSbGxlO2IXjLL6+S9mXda9RvHhrV5m0RRwlO4Qxq4MEVNOEeWuADgTE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/6IiNfw==</latexit>



u0

<latexit sha1_base64="MRdtwVFyGI0Dj1eDcFub9XLl0dU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpIb3ol8pu1Z2DrBIvJ2XI0eiXvnqDmKURSsME1brruYnxM6oMZwKnxV6qMaFsTIfYtVTSCLWfzS+dknOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HCKNgRv+eVV0rqserXqzX2tXK/kcRTgFM6gAh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRuubkMyfwB87nDz4/jRw=</latexit>

d0

<latexit sha1_base64="+WEefu2a/a9kAHkEvtFBjf8UP3k=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWw2m3bpZhN2J0Ip/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmGW+yRCa6E1DDpVC8iQIl76Sa0ziQvB2Mbmd++4lrIxL1iOOU+zEdKBEJRtFKD+FFv1R2q+4cZJV4OSlDjka/9NULE5bFXCGT1Jiu56boT6hGwSSfFnuZ4SllIzrgXUsVjbnxJ/NLp+TcKiGJEm1LIZmrvycmNDZmHAe2M6Y4NMveTPzP62YYXfsTodIMuWKLRVEmCSZk9jYJheYM5dgSyrSwtxI2pJoytOEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCCZ3iFN2fkvDjvzseidc3JZ07gD5zPHyRqjQs=</latexit>

c0

<latexit sha1_base64="pqx4IUtqd+Y7RrH0eEF4NckNA60=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpgV30S2W36s5BVomXkzLkaPRLX71BzNIIpWGCat313MT4GVWGM4HTYi/VmFA2pkPsWipphNrP5pdOyblVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDhFG4K3/PIqaV1WvVr15r5WrlfyOApwCmdQAQ+uoA530IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzByLljQo=</latexit>

s0

<latexit sha1_base64="7E+YbDpL/pLfL7nMCIojUsvVMyE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpQV/0S2W36s5BVomXkzLkaPRLX71BzNIIpWGCat313MT4GVWGM4HTYi/VmFA2pkPsWipphNrP5pdOyblVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDhFG4K3/PIqaV1WvVr15r5WrlfyOApwCmdQAQ+uoA530IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzBzs1jRo=</latexit>

b0

<latexit sha1_base64="Nt8tkpylMfdIAfPN6sC8i59Gdwo=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpIbjol8pu1Z2DrBIvJ2XI0eiXvnqDmKURSsME1brruYnxM6oMZwKnxV6qMaFsTIfYtVTSCLWfzS+dknOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HCKNgRv+eVV0rqserXqzX2tXK/kcRTgFM6gAh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRuubkMyfwB87nDyFgjQk=</latexit>

108

<latexit sha1_base64="Ue3TRamYpvYzMVSWE0CFNv/tQaY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7IrhdZbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ772ByVK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMWHTT5mME0MlWS0KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPCUbgrf+8ibpXte8eu3mvl5pVfM4inABl1AFDxrQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4AEuSNiw==</latexit>

102

<latexit sha1_base64="Uzk3SCmsnQn6BlTVSVXhxK1USgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7JbCtVbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ77WB+VK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMeG1nzIZJ4ZKsloUJhyZCGWPozFTlBg+twQTxeytiEyxwsTYeEo2BG/95U3Srde8Ru3mvlFpVfM4inABl1AFD5rQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4ACcyNhQ==</latexit>

104

<latexit sha1_base64="f6VRveEhpKMKif0vamjyayef0ds=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m956o0iySD2YeU1/giWQhI9hkkuc+NkfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCa/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5PuZcNrNm7um7VWvYijDGdwDnXw4ApacAdt6ACBKTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8M1I2H</latexit>

106

<latexit sha1_base64="Ont0P2ef0eibwxgTrddwwZrYLGM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7Irpeqt4MVjBfsB7VqyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH8wspr7AY8lCRrDJJM99bAzLFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDaT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNa8eu3mvl5pVvM4inAG51AFD66gCXfQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBD9yNiQ==</latexit>

⇤ (GeV)

<latexit sha1_base64="gkoyEtT2xgHYVjp7Se/QyOkRBPA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKai7ggtduKhgH9CEMplM26GTSZiZCCUU/BU3LhRx63e482+ctllo64GBwznncu+cIOFMacf5tgorq2vrG8XN0tb2zu6evX/QUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywup767UcqFYvFgx4n1I/wQLA+I1gbqWcfeXcmHGLkocyTEarc0NbZpGeXnaozA1ombk7KkKPRs7+8MCZpRIUmHCvVdZ1E+xmWmhFOJyUvVTTBZIQHtGuowBFVfjY7f4JOjRKifizNExrN1N8TGY6UGkeBSUZYD9WiNxX/87qp7l/6GRNJqqkg80X9lCMdo2kXKGSSEs3HhmAimbkVkSGWmGjTWMmU4C5+eZm0zqturXp1XyvXK3kdRTiGE6iACxdQh1toQBMIZPAMr/BmPVkv1rv1MY8WrHzmEP7A+vwBOaqUTg==</latexit>

W 0, Z 0

<latexit sha1_base64="NhZYyzTYNgb59RHRInqSvfi0fnY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZpD1J2paDeCl48VrAf2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxjczv/1ElWZS3JtJTP0IDwULGcHGSq12+Rw9lPvFklt150CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxIRXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJ66Lq1arXd7VSvZLFkYcTOIUKeHAJdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8f3iaN8w==</latexit>

t0

<latexit sha1_base64="H7bGefDSTxos+Pk6LIf9/kl0cBc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKD3jRL5XdqjsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtC6rXq16c18r1yt5HAU4hTOogAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Azy6jRs=</latexit>

h0

<latexit sha1_base64="a1flJVEkQtdfoLRnz46aOZ6dEj0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpYXTRL5XdqjsHWSVeTsqQo9EvffUGMUsjlIYJqnXXcxPjZ1QZzgROi71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCEZ3iFN2fsvDjvzseidc3JZ07gD5zPHyp+jQ8=</latexit>

U,D,C, S,B

<latexit sha1_base64="OQ9+gnfFUXQNXrFvDd2+GpTLUAE=">AAAB9HicbVBNT8JAEJ36ifiFevSykZhwaEhrSNQbEQ8eMVoggYZsly1s2G7r7paEEH6HFw8a49Uf481/4wI9KPiSSV7em8nMvCDhTGnH+bbW1jc2t7ZzO/ndvf2Dw8LRcUPFqSTUIzGPZSvAinImqKeZ5rSVSIqjgNNmMKzN/OaISsVi8ajHCfUj3BcsZARrI/mejW5tVLPRg41uuoWiU3bmQKvEzUgRMtS7ha9OLyZpRIUmHCvVdp1E+xMsNSOcTvOdVNEEkyHu07ahAkdU+ZP50VN0bpQeCmNpSmg0V39PTHCk1DgKTGeE9UAtezPxP6+d6vDKnzCRpJoKslgUphzpGM0SQD0mKdF8bAgmkplbERlgiYk2OeVNCO7yy6ukcVF2K+Xr+0qxWsriyMEpnEEJXLiEKtxBHTwg8ATP8Apv1sh6sd6tj0XrmpXNnMAfWJ8/9A2Pjw==</latexit>

108

<latexit sha1_base64="Ue3TRamYpvYzMVSWE0CFNv/tQaY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7IrhdZbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ772ByVK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMWHTT5mME0MlWS0KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPCUbgrf+8ibpXte8eu3mvl5pVfM4inABl1AFDxrQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4AEuSNiw==</latexit>

102

<latexit sha1_base64="Uzk3SCmsnQn6BlTVSVXhxK1USgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7JbCtVbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ77WB+VK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMeG1nzIZJ4ZKsloUJhyZCGWPozFTlBg+twQTxeytiEyxwsTYeEo2BG/95U3Srde8Ru3mvlFpVfM4inABl1AFD5rQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4ACcyNhQ==</latexit>

104

<latexit sha1_base64="f6VRveEhpKMKif0vamjyayef0ds=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m956o0iySD2YeU1/giWQhI9hkkuc+NkfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCa/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5PuZcNrNm7um7VWvYijDGdwDnXw4ApacAdt6ACBKTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8M1I2H</latexit>

106

<latexit sha1_base64="Ont0P2ef0eibwxgTrddwwZrYLGM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7Irpeqt4MVjBfsB7VqyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH8wspr7AY8lCRrDJJM99bAzLFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDaT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNa8eu3mvl5pVvM4inAG51AFD66gCXfQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBD9yNiQ==</latexit>

⇤ (GeV)

<latexit sha1_base64="gkoyEtT2xgHYVjp7Se/QyOkRBPA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKai7ggtduKhgH9CEMplM26GTSZiZCCUU/BU3LhRx63e482+ctllo64GBwznncu+cIOFMacf5tgorq2vrG8XN0tb2zu6evX/QUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywup767UcqFYvFgx4n1I/wQLA+I1gbqWcfeXcmHGLkocyTEarc0NbZpGeXnaozA1ombk7KkKPRs7+8MCZpRIUmHCvVdZ1E+xmWmhFOJyUvVTTBZIQHtGuowBFVfjY7f4JOjRKifizNExrN1N8TGY6UGkeBSUZYD9WiNxX/87qp7l/6GRNJqqkg80X9lCMdo2kXKGSSEs3HhmAimbkVkSGWmGjTWMmU4C5+eZm0zqturXp1XyvXK3kdRTiGE6iACxdQh1toQBMIZPAMr/BmPVkv1rv1MY8WrHzmEP7A+vwBOaqUTg==</latexit>

W 0, Z 0

<latexit sha1_base64="NhZYyzTYNgb59RHRInqSvfi0fnY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZpD1J2paDeCl48VrAf2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxjczv/1ElWZS3JtJTP0IDwULGcHGSq12+Rw9lPvFklt150CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxIRXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJ66Lq1arXd7VSvZLFkYcTOIUKeHAJdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8f3iaN8w==</latexit>

t0

<latexit sha1_base64="H7bGefDSTxos+Pk6LIf9/kl0cBc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKD3jRL5XdqjsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtC6rXq16c18r1yt5HAU4hTOogAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Azy6jRs=</latexit>

h0

<latexit sha1_base64="a1flJVEkQtdfoLRnz46aOZ6dEj0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpYXTRL5XdqjsHWSVeTsqQo9EvffUGMUsjlIYJqnXXcxPjZ1QZzgROi71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCEZ3iFN2fsvDjvzseidc3JZ07gD5zPHyp+jQ8=</latexit>

W 0, Z 0

<latexit sha1_base64="NhZYyzTYNgb59RHRInqSvfi0fnY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZpD1J2paDeCl48VrAf2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxjczv/1ElWZS3JtJTP0IDwULGcHGSq12+Rw9lPvFklt150CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxIRXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJ66Lq1arXd7VSvZLFkYcTOIUKeHAJdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8f3iaN8w==</latexit>

t0

<latexit sha1_base64="H7bGefDSTxos+Pk6LIf9/kl0cBc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKD3jRL5XdqjsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtC6rXq16c18r1yt5HAU4hTOogAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Azy6jRs=</latexit>

h0

<latexit sha1_base64="a1flJVEkQtdfoLRnz46aOZ6dEj0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpYXTRL5XdqjsHWSVeTsqQo9EvffUGMUsjlIYJqnXXcxPjZ1QZzgROi71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCEZ3iFN2fsvDjvzseidc3JZ07gD5zPHyp+jQ8=</latexit>

U,D,C, S,B

<latexit sha1_base64="OQ9+gnfFUXQNXrFvDd2+GpTLUAE=">AAAB9HicbVBNT8JAEJ36ifiFevSykZhwaEhrSNQbEQ8eMVoggYZsly1s2G7r7paEEH6HFw8a49Uf481/4wI9KPiSSV7em8nMvCDhTGnH+bbW1jc2t7ZzO/ndvf2Dw8LRcUPFqSTUIzGPZSvAinImqKeZ5rSVSIqjgNNmMKzN/OaISsVi8ajHCfUj3BcsZARrI/mejW5tVLPRg41uuoWiU3bmQKvEzUgRMtS7ha9OLyZpRIUmHCvVdp1E+xMsNSOcTvOdVNEEkyHu07ahAkdU+ZP50VN0bpQeCmNpSmg0V39PTHCk1DgKTGeE9UAtezPxP6+d6vDKnzCRpJoKslgUphzpGM0SQD0mKdF8bAgmkplbERlgiYk2OeVNCO7yy6ukcVF2K+Xr+0qxWsriyMEpnEEJXLiEKtxBHTwg8ATP8Apv1sh6sd6tj0XrmpXNnMAfWJ8/9A2Pjw==</latexit>

⇤

<latexit sha1_base64="sjuz+/aTmqNpn7KJQ/Jk2BqdlYc=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0FIFXYloHYBGwuLCOYByRJmZyfJkNnZZeauEJZ8hI2FIrZ+j51/4yTZQhMPDBzOOZe59wSJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI79ztPXBsRq0ecJtyP6EiJoWAUrdTp39toSAfliltzFyDrxMtJBXI0B+WvfhizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W687IhVVCMoy1fQrJQv09kdHImGkU2GREcWxWvbn4n9dLcXjtZ0IlKXLFlh8NU0kwJvPbSSg0ZyinllCmhd2VsDHVlKFtqGRL8FZPXifty5pXr9081CuNal5HEc7gHKrgwRU04A6a0AIGE3iGV3hzEufFeXc+ltGCk8+cwh84nz8Hs49P</latexit>

v0

<latexit sha1_base64="VtlpefNFqk8HuqUNZPj8fmojYOQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoOYU9iVgHoLePEYxTwgCWF20psMmZ1dZmYDYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnTR0limGDRSJSbZ9qFFxiw3AjsB0rpKEvsOWP7+Z+a4JK80g+mWmMvZAOJQ84o8ZKj5PLfrHkVtwFyDrxMlKCDPV+8as7iFgSojRMUK07nhubXkqV4UzgrNBNNMaUjekQO5ZKGqLupYtLZ+TCKgMSRMqWNGSh/p5Iaaj1NPRtZ0jNSK96c/E/r5OY4KaXchknBiVbLgoSQUxE5m+TAVfIjJhaQpni9lbCRlRRZmw4BRuCt/ryOmleVbxq5fahWqqVszjycAbnUAYPrqEG91CHBjAI4Ble4c0ZOy/Ou/OxbM052cwp/IHz+QM/xI0d</latexit>

v

<latexit sha1_base64="tWiGXJozviEA+L5MYbuoh3AZTho=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLePGYgHlAsoTZSScZMzu7zMwGwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3tb2zu5ffLxwcHh2fFE/PWjpKFMMmi0SkOgHVKLjEpuFGYCdWSMNAYDuY3C/89hSV5pF8NLMY/ZCOJB9yRo2VGtN+seRW3CXIJvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBe6CUaY8omdIRdSyUNUfvp8tA5ubLKgAwjZUsaslR/T6Q01HoWBrYzpGas172F+J/XTczw1k+5jBODkq0WDRNBTEQWX5MBV8iMmFlCmeL2VsLGVFFmbDYFG4K3/vImaV1XvGrlrlEt1cpZHHm4gEsogwc3UIMHqEMTGCA8wyu8OU/Oi/PufKxac042cw5/4Hz+AN8/jOw=</latexit>

��

M

<latexit sha1_base64="xLULssUeaLwbBJu5DFTRW3HOR6c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLePEiJGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5FXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQuK161ctOolmrlLI48nME5lMGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChG4zD</latexit>

See-saw fermions
Two limiting realizations of  the fermion spectrum:

M ⌧ v, v0

<latexit sha1_base64="zkn/YRBivhmNcV6zXhkC88yzTAM=">AAAB8nicbVBNSwMxEJ31s9avqkcvwSJ6kLIrBRU8FLx4ESrYD9guJZtm29BssiTZQln6M7x4UMSrv8ab/8a03YO2Phh4vDfDzLww4Uwb1/12VlbX1jc2C1vF7Z3dvf3SwWFTy1QR2iCSS9UOsaacCdowzHDaThTFcchpKxzeTf3WiCrNpHgy44QGMe4LFjGCjZX8B9ThHI0u0OisWyq7FXcGtEy8nJQhR71b+ur0JEljKgzhWGvfcxMTZFgZRjidFDuppgkmQ9ynvqUCx1QH2ezkCTq1Sg9FUtkSBs3U3xMZjrUex6HtjLEZ6EVvKv7n+amJroOMiSQ1VJD5oijlyEg0/R/1mKLE8LElmChmb0VkgBUmxqZUtCF4iy8vk+ZlxatWbh6r5dptHkcBjuEEzsGDK6jBPdShAQQkPMMrvDnGeXHenY9564qTzxzBHzifP3C3kA4=</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

v0 & 108 GeV

<latexit sha1_base64="4VaeZtmoiOadJflB++HAUM0SPn0=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCtwq4EjGARsNAygnlAdg2zk7vJkJndZWY2EJYUNv6KjYUitn6EnX/j5FFo4oGBwznncueeIOFMacf5tlZW19Y3NnNb+e2d3b19++CwoeJUUqjTmMeyFRAFnEVQ10xzaCUSiAg4NIPB9cRvDkEqFkf3epSAL0gvYiGjRBupYxeGp9jraRMQ2HUeKtjDmScFvoHGuGMXnZIzBV4m7pwU0Ry1jv3ldWOaCog05USptusk2s+I1IxyGOe9VEFC6ID0oG1oRAQoP5seMcYnRuniMJbmRRpP1d8TGRFKjURgkoLovlr0JuJ/XjvVYcXPWJSkGiI6WxSmHOsYTxrBXSaBaj4yhFDJzF8x7RNJqDa95U0J7uLJy6RxXnLLpcu7crF6Na8jhwroGJ0hF12gKrpFNVRHFD2iZ/SK3qwn68V6tz5m0RVrPnOE/sD6/AETyJZ2</latexit>

M � v, v0

<latexit sha1_base64="kRKfMgR4v2MbNbElN9C3DasnEXI=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE9SNmVggoeCl68CBXsB2yXkk2z29BssiSzhVL6M7x4UMSrv8ab/8a03YO2Phh4vDfDzLwwFdyA6347K6tr6xubha3i9s7u3n7p4LBpVKYpa1AllG6HxDDBJWsAB8HaqWYkCQVrhYO7qd8aMm24kk8wSlmQkFjyiFMCVvIfcCeO8fACD8+6pbJbcWfAy8TLSRnlqHdLX52eolnCJFBBjPE9N4VgTDRwKtik2MkMSwkdkJj5lkqSMBOMZydP8KlVejhS2pYEPFN/T4xJYswoCW1nQqBvFr2p+J/nZxBdB2Mu0wyYpPNFUSYwKDz9H/e4ZhTEyBJCNbe3YtonmlCwKRVtCN7iy8ukeVnxqpWbx2q5dpvHUUDH6ASdIw9doRq6R3XUQBQp9Ixe0ZsDzovz7nzMW1ecfOYI/YHz+QNhTpAE</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

“see-saw” mechanism for SM fermions

mirror�quarks�are�heavy�
because�M,�not�v’,�is�large

(except�top)

mf ⇠ |y|2vv0

M

<latexit sha1_base64="fD02aOPgtF6JR8lfoWlHu4ACK3k=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFdlaQUVHBRcONGqGAf0MQwmU7aoTNJmJkUSpqVG3/FjQtF3PoN7vwbp20W2nrgwuGce7n3Hj9mVCrL+jaWlldW19YLG8XNre2dXXNvvymjRGDSwBGLRNtHkjAakoaiipF2LAjiPiMtf3A98VtDIiSNwns1ionLUS+kAcVIackzj7gXQEdSDp1AIJyOR+OHChzC4WmW3maeWbLK1hRwkdg5KYEcdc/8croRTjgJFWZIyo5txcpNkVAUM5IVnUSSGOEB6pGOpiHiRLrp9I0MnmilC4NI6AoVnKq/J1LEpRxxX3dypPpy3puI/3mdRAUXbkrDOFEkxLNFQcKgiuAkE9ilgmDFRpogLKi+FeI+0nEonVxRh2DPv7xImpWyXS1f3lVLtas8jgI4BMfgDNjgHNTADaiDBsDgETyDV/BmPBkvxrvxMWtdMvKZA/AHxucPZ8uYcw==</latexit>

Upper bound on       from perturbativity:M

<latexit sha1_base64="bwtk/lumBSGAybOUL5YFpavkjDQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQAUPAS9ehATMA5IlzE56kzGzs8vMrBBCvsCLB0W8+kne/BsnyR40saChqOqmuytIBNfGdb+d3Nr6xuZWfruws7u3f1A8PGrqOFUMGywWsWoHVKPgEhuGG4HtRCGNAoGtYHQ781tPqDSP5YMZJ+hHdCB5yBk1Vqrf94olt+zOQVaJl5ESZKj1il/dfszSCKVhgmrd8dzE+BOqDGcCp4VuqjGhbEQH2LFU0gi1P5kfOiVnVumTMFa2pCFz9ffEhEZaj6PAdkbUDPWyNxP/8zqpCa/8CZdJalCyxaIwFcTEZPY16XOFzIixJZQpbm8lbEgVZcZmU7AheMsvr5LmRdmrlK/rlVL1JosjDydwCufgwSVU4Q5q0AAGCM/wCm/Oo/PivDsfi9ack80cwx84nz+nH4zX</latexit>

mb ⇠
|y|2vv0

M
. vv0

M

<latexit sha1_base64="Cb6bNngBJEd7xHzGZM+BvOh2pvM=">AAACHnicbVDLSgMxFM34rPVVdekmWERXZaZUVHBRcONGqGAf0KlDJs20oUlmSDKFMp0vceOvuHGhiOBK/8b0IWrrgQuHc+7l3nv8iFGlbfvTWlhcWl5Zzaxl1zc2t7ZzO7s1FcYSkyoOWSgbPlKEUUGqmmpGGpEkiPuM1P3e5civ94lUNBS3ehCRFkcdQQOKkTaSlzvhng9dRTl0A4lwMhwM74qwD/tHaXKdQpcRpX7cb93L5e2CPQacJ86U5MEUFS/37rZDHHMiNGZIqaZjR7qVIKkpZiTNurEiEcI91CFNQwXiRLWS8XspPDRKGwahNCU0HKu/JxLElRpw33RypLtq1huJ/3nNWAdnrYSKKNZE4MmiIGZQh3CUFWxTSbBmA0MQltTcCnEXmSC0STRrQnBmX54ntWLBKRXOb0r58sU0jgzYBwfgGDjgFJTBFaiAKsDgHjyCZ/BiPVhP1qv1NmldsKYze+APrI8v8FOiYw==</latexit>

M . v0 ⇥ v

mb
⇠ 102 v0

<latexit sha1_base64="PfQbfsUjbWVllsl9HsKjxGcdP9U=">AAACG3icbVDLSsNAFJ3UV62vqEs3g6XoQkpSCiq4KLhxI1SwD2himEwn7dCZJMxMCiX0P9z4K25cKOJKcOHfOGmz0NYDA4dz7mXOPX7MqFSW9W0UVlbX1jeKm6Wt7Z3dPXP/oC2jRGDSwhGLRNdHkjAakpaiipFuLAjiPiMdf3Sd+Z0xEZJG4b2axMTlaBDSgGKktOSZtVvoMCKlpByOT6CjKCcSOoFAOB1PU+75U+hkpm091KBzpoc8s2xVrRngMrFzUgY5mp756fQjnHASKsyQlD3bipWbIqEoZmRachJJYoRHaEB6moZIR3DT2W1TWNFKHwaR0C9UcKb+3kgRl3LCdcwKR2ooF71M/M/rJSq4cFMaxokiIZ5/FCQMqghmRcE+FQQrNtEEYUF1VoiHSPeidJ0lXYK9ePIyadeqdr16eVcvN67yOorgCByDU2CDc9AAN6AJWgCDR/AMXsGb8WS8GO/Gx3y0YOQ7h+APjK8fVKifsA==</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

N. Craig, IGG, G. Koszegi, A. McCune, arXiv:2012.13416



See-saw fermions
Because of  see-saw implementation of  light fermions masses, 

right-handed SM fermions belong in                doublets, 
and mirror (heavy) fermions are made of            -singlets

SU(2)R

<latexit sha1_base64="vbeCydQDKEFqTmI940VhnjSiAlg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkpSCip4KHjxWD/SFtpQNttNu3SzCbsboYT+CC8eFPHq7/Hmv3HT5qCtDwYe780wM8+POVPatr+twtr6xuZWcbu0s7u3f1A+PGqrKJGEuiTikez6WFHOBHU105x2Y0lx6HPa8Sc3md95olKxSDzqaUy9EI8ECxjB2kidB7daPx/cD8oVu2bPgVaJk5MK5GgNyl/9YUSSkApNOFaq59ix9lIsNSOczkr9RNEYkwke0Z6hAodUeen83Bk6M8oQBZE0JTSaq78nUhwqNQ190xliPVbLXib+5/USHVx6KRNxoqkgi0VBwpGOUPY7GjJJieZTQzCRzNyKyBhLTLRJqGRCcJZfXiXtes1p1K7uGpXmdR5HEU7gFKrgwAU04RZa4AKBCTzDK7xZsfVivVsfi9aClc8cwx9Ynz/nAI6i</latexit>

SU(2)

<latexit sha1_base64="fiLHJLJMOQcVSTpTuESbqesu4/A=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRahXspuKajgoeDFY0XXFtqlZNNsG5pNliQrlKW/wYsHRbz6g7z5b0zbPWjrg4HHezPMzAsTzrRx3W+nsLa+sblV3C7t7O7tH5QPjx61TBWhPpFcqk6INeVMUN8ww2knURTHIaftcHwz89tPVGkmxYOZJDSI8VCwiBFsrOTf+9X6eb9ccWvuHGiVeDmpQI5Wv/zVG0iSxlQYwrHWXc9NTJBhZRjhdFrqpZommIzxkHYtFTimOsjmx07RmVUGKJLKljBorv6eyHCs9SQObWeMzUgvezPxP6+bmugyyJhIUkMFWSyKUo6MRLPP0YApSgyfWIKJYvZWREZYYWJsPiUbgrf88ip5rNe8Ru3qrlFpXudxFOEETqEKHlxAE26hBT4QYPAMr/DmCOfFeXc+Fq0FJ585hj9wPn8Ajh6N3Q==</latexit>

same�for�leptons�+�1st�and�2nd�generation�up-quarks

L ⇠
|y|2

�
Q

0†
H

0� �
H

†
Q
�

M
⇠ |y|2vv0

M
d
0
d

<latexit sha1_base64="Gnvxe1w84RHTNtkG6Ld1YUYvIgM="></latexit>

md

Exception:

L ' ytvp
2
Tt+

ytv0p
2
t0T 0 + h.c.

<latexit sha1_base64="glYoty6EW1f55TMjDPf5LHI4W48="></latexit>



Collider bounds

Colliders�are�*central*�to�probe�parity�solutions�to�strong�CP

e

𝝂

W
mW 0 ' gv0

2
& 6 TeV

<latexit sha1_base64="Ds8/TMQIemXmrpVn4j5bkmfV6Zo=">AAACG3icbVDLSgMxFM3UV62vqks3wSJ1VWZK8QEuCm5cVugLOqVk0jttaDIzJplCGeY/3Pgrblwo4kpw4d+YPhbaeiBwOOcebu7xIs6Utu1vK7O2vrG5ld3O7ezu7R/kD4+aKowlhQYNeSjbHlHAWQANzTSHdiSBCI9DyxvdTv3WGKRiYVDXkwi6ggwC5jNKtJF6+bLoJa1iil3FBDxg15eEJgM8LqZJ2agDbaICX2AXJ64UuA7NtJcv2CV7BrxKnAUpoAVqvfyn2w9pLCDQlBOlOo4d6W5CpGaUQ5pzYwURoSMygI6hARGgusnsthSfGaWP/VCaF2g8U38nEiKUmgjPTAqih2rZm4r/eZ1Y+1fdhAVRrCGg80V+zLEO8bQo3GcSqOYTQwiVzPwV0yEx9WhTZ86U4CyfvEqa5ZJTKV3fVwrVm0UdWXSCTtE5ctAlqqI7VEMNRNEjekav6M16sl6sd+tjPpqxFplj9AfW1w84q6BG</latexit>

Leading constraint on the parity-breaking scale from 
direct production of  exotic gauge bosons at the LHC

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

v0 & 18 TeV

<latexit sha1_base64="BJ0vU4qUOXNfTfpsYZN2Eet0G3k=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXZUZKVjBRcGNywp9QWcomTRtQ5OZIckUylDc+CtuXCji1q9w59+YtrPQ1gOBwznncnNPEHOmtON8W7m19Y3Nrfx2YWd3b//APjxqqiiRhDZIxCPZDrCinIW0oZnmtB1LikXAaSsY3c381phKxaKwricx9QUehKzPCNZG6ton4wvkDbQJCORWkIdSTwpUp81p1y46JWcOtErcjBQhQ61rf3m9iCSChppwrFTHdWLtp1hqRjidFrxE0RiTER7QjqEhFlT56fyEKTo3Sg/1I2leqNFc/T2RYqHURAQmKbAeqmVvJv7ndRLdr/gpC+NE05AsFvUTjnSEZn2gHpOUaD4xBBPJzF8RGWKJiTatFUwJ7vLJq6R5VXLLpZuHcrF6m9WRh1M4g0tw4RqqcA81aACBR3iGV3iznqwX6936WERzVjZzDH9gff4A9n+V4Q==</latexit>

��1 ⇠ 10�3

<latexit sha1_base64="ixuPvUDVRo5xZ/ELQ2crP8hBrGg=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmtKCCi4IuXFawD+iMJZNm2tAkMyQZoQzjxl9x40IRt/6FO//GtJ2Fth64cHLOveTeE8SMKu0431ZhYXFpeaW4Wlpb39jcsrd3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw6ux33ogUtFI3OlRTHyO+oKGFCNtpK69510TptF9euxm0FOUQ9cxj9Osa5edijMBnCduTsogR71rf3m9CCecCI0ZUqrjOrH2UyQ1xYxkJS9RJEZ4iPqkY6hAnCg/nVyQwUOj9GAYSVNCw4n6eyJFXKkRD0wnR3qgZr2x+J/XSXR47qdUxIkmAk8/ChMGdQTHccAelQRrNjIEYUnNrhAPkERYm9BKJgR39uR50jypuNXKxW21XLvM4yiCfXAAjoALzkAN3IA6aAAMHsEzeAVv1pP1Yr1bH9PWgpXP7II/sD5/AG7HlZc=</latexit>

Future colliders such as FCC-hh (100 TeV pp machine) will be 
sensitive to                                    (equivalent to                      )mW 0 ,mZ0 ⇠ 40 TeV

<latexit sha1_base64="K1/HeMzZQZj9tHneAhiOTeZEdd4=">AAACC3icbVDLSgMxFM34rPU16tJNaJG6kDIjBRVcFNy4rNAXdoYhk6ZtaJIZkoxQhtm78VfcuFDErT/gzr8xbWehrQcu93DOvST3hDGjSjvOt7Wyura+sVnYKm7v7O7t2weHbRUlEpMWjlgkuyFShFFBWppqRrqxJIiHjHTC8c3U7zwQqWgkmnoSE5+joaADipE2UmCXeJB2KtkZNP2+kkFPUQ5rDvRg6kkOm6SdBXbZqTozwGXi5qQMcjQC+8vrRzjhRGjMkFI914m1nyKpKWYkK3qJIjHCYzQkPUMF4kT56eyWDJ4YpQ8HkTQlNJypvzdSxJWa8NBMcqRHatGbiv95vUQPLv2UijjRROD5Q4OEQR3BaTCwTyXBmk0MQVhS81eIR0girE18RROCu3jyMmmfV91a9equVq5f53EUwDEogVPgggtQB7egAVoAg0fwDF7Bm/VkvVjv1sd8dMXKd47AH1ifP/7emR8=</latexit>

��1 ⇠ 10�5

<latexit sha1_base64="IYW0YRVtUUZyA+CuOBHJgpNPyGw=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmpKKCi4IuXFawD+iMJZNm2tAkMyQZoQzjxl9x40IRt/6FO//GtJ2Fth64cHLOveTeE8SMKu0431ZhYXFpeaW4Wlpb39jcsrd3mipKJCYNHLFItgOkCKOCNDTVjLRjSRAPGGkFw6ux33ogUtFI3OlRTHyO+oKGFCNtpK69510TptF9euxm0FOUQ9cxj9Osa5edijMBnCduTsogR71rf3m9CCecCI0ZUqrjOrH2UyQ1xYxkJS9RJEZ4iPqkY6hAnCg/nVyQwUOj9GAYSVNCw4n6eyJFXKkRD0wnR3qgZr2x+J/XSXR47qdUxIkmAk8/ChMGdQTHccAelQRrNjIEYUnNrhAPkERYm9BKJgR39uR50jypuNXKxW21XLvM4yiCfXAAjoALzkAN3IA6aAAMHsEzeAVv1pP1Yr1bH9PWgpXP7II/sD5/AHHRlZk=</latexit>

ATLAS; 1906.05609

right-handed fermions have unsuppressed couplings to        and)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

W 0

<latexit sha1_base64="Sto1+pGAfIeYqKfQsgRaULE+oo8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorPbTOeqWyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NLJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzacog3BW3x5mTQvKl61cn1fLddu8jgKcAwncA4eXEIN7qAODWAQwjO8wpszcl6cd+dj3rri5DNH8AfO5w8WrY0S</latexit>

Z 0

<latexit sha1_base64="VNHK9mjhlu24deAN+4V2bIjKAFI=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQAUPAS8eo5gHJiHMTnqTIbOzy8ysEJb8gRcPinj1j7z5N06SPWhiQUNR1U13lx8Lro3rfju5ldW19Y38ZmFre2d3r7h/0NBRohjWWSQi1fKpRsEl1g03AluxQhr6Apv+6GbqN59QaR7JBzOOsRvSgeQBZ9RY6f7xtFcsuWV3BrJMvIyUIEOtV/zq9COWhCgNE1TrtufGpptSZTgTOCl0Eo0xZSM6wLalkoaou+ns0gk5sUqfBJGyJQ2Zqb8nUhpqPQ592xlSM9SL3lT8z2snJrjsplzGiUHJ5ouCRBATkenbpM8VMiPGllCmuL2VsCFVlBkbTsGG4C2+vEwa52WvUr66q5Sq11kceTiCYzgDDy6gCrdQgzowCOAZXuHNGTkvzrvzMW/NOdnMIfyB8/kDGzyNFQ==</latexit>



u0

<latexit sha1_base64="MRdtwVFyGI0Dj1eDcFub9XLl0dU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpIb3ol8pu1Z2DrBIvJ2XI0eiXvnqDmKURSsME1brruYnxM6oMZwKnxV6qMaFsTIfYtVTSCLWfzS+dknOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HCKNgRv+eVV0rqserXqzX2tXK/kcRTgFM6gAh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRuubkMyfwB87nDz4/jRw=</latexit>

d0

<latexit sha1_base64="+WEefu2a/a9kAHkEvtFBjf8UP3k=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWw2m3bpZhN2J0Ip/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmGW+yRCa6E1DDpVC8iQIl76Sa0ziQvB2Mbmd++4lrIxL1iOOU+zEdKBEJRtFKD+FFv1R2q+4cZJV4OSlDjka/9NULE5bFXCGT1Jiu56boT6hGwSSfFnuZ4SllIzrgXUsVjbnxJ/NLp+TcKiGJEm1LIZmrvycmNDZmHAe2M6Y4NMveTPzP62YYXfsTodIMuWKLRVEmCSZk9jYJheYM5dgSyrSwtxI2pJoytOEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCCZ3iFN2fkvDjvzseidc3JZ07gD5zPHyRqjQs=</latexit>

c0

<latexit sha1_base64="pqx4IUtqd+Y7RrH0eEF4NckNA60=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpgV30S2W36s5BVomXkzLkaPRLX71BzNIIpWGCat313MT4GVWGM4HTYi/VmFA2pkPsWipphNrP5pdOyblVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDhFG4K3/PIqaV1WvVr15r5WrlfyOApwCmdQAQ+uoA530IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzByLljQo=</latexit>

s0

<latexit sha1_base64="7E+YbDpL/pLfL7nMCIojUsvVMyE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpQV/0S2W36s5BVomXkzLkaPRLX71BzNIIpWGCat313MT4GVWGM4HTYi/VmFA2pkPsWipphNrP5pdOyblVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmb5MBV8iMmFhCmeL2VsJGVFFmbDhFG4K3/PIqaV1WvVr15r5WrlfyOApwCmdQAQ+uoA530IAmMAjhGV7hzRk7L86787FoXXPymRP4A+fzBzs1jRo=</latexit>

b0

<latexit sha1_base64="Nt8tkpylMfdIAfPN6sC8i59Gdwo=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpIbjol8pu1Z2DrBIvJ2XI0eiXvnqDmKURSsME1brruYnxM6oMZwKnxV6qMaFsTIfYtVTSCLWfzS+dknOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCaz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HCKNgRv+eVV0rqserXqzX2tXK/kcRTgFM6gAh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRuubkMyfwB87nDyFgjQk=</latexit>

108

<latexit sha1_base64="Ue3TRamYpvYzMVSWE0CFNv/tQaY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7IrhdZbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ772ByVK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMWHTT5mME0MlWS0KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPCUbgrf+8ibpXte8eu3mvl5pVfM4inABl1AFDxrQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4AEuSNiw==</latexit>

102

<latexit sha1_base64="Uzk3SCmsnQn6BlTVSVXhxK1USgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7JbCtVbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ77WB+VK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMeG1nzIZJ4ZKsloUJhyZCGWPozFTlBg+twQTxeytiEyxwsTYeEo2BG/95U3Srde8Ru3mvlFpVfM4inABl1AFD5rQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4ACcyNhQ==</latexit>

104

<latexit sha1_base64="f6VRveEhpKMKif0vamjyayef0ds=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m956o0iySD2YeU1/giWQhI9hkkuc+NkfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCa/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5PuZcNrNm7um7VWvYijDGdwDnXw4ApacAdt6ACBKTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8M1I2H</latexit>

106

<latexit sha1_base64="Ont0P2ef0eibwxgTrddwwZrYLGM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7Irpeqt4MVjBfsB7VqyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH8wspr7AY8lCRrDJJM99bAzLFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDaT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNa8eu3mvl5pVvM4inAG51AFD66gCXfQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBD9yNiQ==</latexit>

⇤ (GeV)

<latexit sha1_base64="gkoyEtT2xgHYVjp7Se/QyOkRBPA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKai7ggtduKhgH9CEMplM26GTSZiZCCUU/BU3LhRx63e482+ctllo64GBwznncu+cIOFMacf5tgorq2vrG8XN0tb2zu6evX/QUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywup767UcqFYvFgx4n1I/wQLA+I1gbqWcfeXcmHGLkocyTEarc0NbZpGeXnaozA1ombk7KkKPRs7+8MCZpRIUmHCvVdZ1E+xmWmhFOJyUvVTTBZIQHtGuowBFVfjY7f4JOjRKifizNExrN1N8TGY6UGkeBSUZYD9WiNxX/87qp7l/6GRNJqqkg80X9lCMdo2kXKGSSEs3HhmAimbkVkSGWmGjTWMmU4C5+eZm0zqturXp1XyvXK3kdRTiGE6iACxdQh1toQBMIZPAMr/BmPVkv1rv1MY8WrHzmEP7A+vwBOaqUTg==</latexit>

W 0, Z 0

<latexit sha1_base64="NhZYyzTYNgb59RHRInqSvfi0fnY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZpD1J2paDeCl48VrAf2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxjczv/1ElWZS3JtJTP0IDwULGcHGSq12+Rw9lPvFklt150CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxIRXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJ66Lq1arXd7VSvZLFkYcTOIUKeHAJdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8f3iaN8w==</latexit>

t0

<latexit sha1_base64="H7bGefDSTxos+Pk6LIf9/kl0cBc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKD3jRL5XdqjsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtC6rXq16c18r1yt5HAU4hTOogAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Azy6jRs=</latexit>

h0

<latexit sha1_base64="a1flJVEkQtdfoLRnz46aOZ6dEj0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpYXTRL5XdqjsHWSVeTsqQo9EvffUGMUsjlIYJqnXXcxPjZ1QZzgROi71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCEZ3iFN2fsvDjvzseidc3JZ07gD5zPHyp+jQ8=</latexit>

U,D,C, S,B

<latexit sha1_base64="OQ9+gnfFUXQNXrFvDd2+GpTLUAE=">AAAB9HicbVBNT8JAEJ36ifiFevSykZhwaEhrSNQbEQ8eMVoggYZsly1s2G7r7paEEH6HFw8a49Uf481/4wI9KPiSSV7em8nMvCDhTGnH+bbW1jc2t7ZzO/ndvf2Dw8LRcUPFqSTUIzGPZSvAinImqKeZ5rSVSIqjgNNmMKzN/OaISsVi8ajHCfUj3BcsZARrI/mejW5tVLPRg41uuoWiU3bmQKvEzUgRMtS7ha9OLyZpRIUmHCvVdp1E+xMsNSOcTvOdVNEEkyHu07ahAkdU+ZP50VN0bpQeCmNpSmg0V39PTHCk1DgKTGeE9UAtezPxP6+d6vDKnzCRpJoKslgUphzpGM0SQD0mKdF8bAgmkplbERlgiYk2OeVNCO7yy6ukcVF2K+Xr+0qxWsriyMEpnEEJXLiEKtxBHTwg8ATP8Apv1sh6sd6tj0XrmpXNnMAfWJ8/9A2Pjw==</latexit>

108

<latexit sha1_base64="Ue3TRamYpvYzMVSWE0CFNv/tQaY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7IrhdZbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ772ByVK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMWHTT5mME0MlWS0KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPCUbgrf+8ibpXte8eu3mvl5pVfM4inABl1AFDxrQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4AEuSNiw==</latexit>

102

<latexit sha1_base64="Uzk3SCmsnQn6BlTVSVXhxK1USgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7JbCtVbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ77WB+VK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMeG1nzIZJ4ZKsloUJhyZCGWPozFTlBg+twQTxeytiEyxwsTYeEo2BG/95U3Srde8Ru3mvlFpVfM4inABl1AFD5rQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4ACcyNhQ==</latexit>

104

<latexit sha1_base64="f6VRveEhpKMKif0vamjyayef0ds=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m956o0iySD2YeU1/giWQhI9hkkuc+NkfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCa/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5PuZcNrNm7um7VWvYijDGdwDnXw4ApacAdt6ACBKTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8M1I2H</latexit>

106

<latexit sha1_base64="Ont0P2ef0eibwxgTrddwwZrYLGM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7Irpeqt4MVjBfsB7VqyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH8wspr7AY8lCRrDJJM99bAzLFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDaT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNa8eu3mvl5pVvM4inAG51AFD66gCXfQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBD9yNiQ==</latexit>

⇤ (GeV)

<latexit sha1_base64="gkoyEtT2xgHYVjp7Se/QyOkRBPA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKai7ggtduKhgH9CEMplM26GTSZiZCCUU/BU3LhRx63e482+ctllo64GBwznncu+cIOFMacf5tgorq2vrG8XN0tb2zu6evX/QUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywup767UcqFYvFgx4n1I/wQLA+I1gbqWcfeXcmHGLkocyTEarc0NbZpGeXnaozA1ombk7KkKPRs7+8MCZpRIUmHCvVdZ1E+xmWmhFOJyUvVTTBZIQHtGuowBFVfjY7f4JOjRKifizNExrN1N8TGY6UGkeBSUZYD9WiNxX/87qp7l/6GRNJqqkg80X9lCMdo2kXKGSSEs3HhmAimbkVkSGWmGjTWMmU4C5+eZm0zqturXp1XyvXK3kdRTiGE6iACxdQh1toQBMIZPAMr/BmPVkv1rv1MY8WrHzmEP7A+vwBOaqUTg==</latexit>

W 0, Z 0

<latexit sha1_base64="NhZYyzTYNgb59RHRInqSvfi0fnY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZpD1J2paDeCl48VrAf2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxjczv/1ElWZS3JtJTP0IDwULGcHGSq12+Rw9lPvFklt150CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxIRXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJ66Lq1arXd7VSvZLFkYcTOIUKeHAJdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8f3iaN8w==</latexit>

t0

<latexit sha1_base64="H7bGefDSTxos+Pk6LIf9/kl0cBc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKD3jRL5XdqjsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtC6rXq16c18r1yt5HAU4hTOogAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Azy6jRs=</latexit>

h0

<latexit sha1_base64="a1flJVEkQtdfoLRnz46aOZ6dEj0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpYXTRL5XdqjsHWSVeTsqQo9EvffUGMUsjlIYJqnXXcxPjZ1QZzgROi71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCEZ3iFN2fsvDjvzseidc3JZ07gD5zPHyp+jQ8=</latexit>

W 0, Z 0

<latexit sha1_base64="NhZYyzTYNgb59RHRInqSvfi0fnY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZpD1J2paDeCl48VrAf2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxjczv/1ElWZS3JtJTP0IDwULGcHGSq12+Rw9lPvFklt150CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxIRXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJ66Lq1arXd7VSvZLFkYcTOIUKeHAJdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8f3iaN8w==</latexit>

t0

<latexit sha1_base64="H7bGefDSTxos+Pk6LIf9/kl0cBc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKD3jRL5XdqjsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtC6rXq16c18r1yt5HAU4hTOogAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Azy6jRs=</latexit>

h0

<latexit sha1_base64="a1flJVEkQtdfoLRnz46aOZ6dEj0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpYXTRL5XdqjsHWSVeTsqQo9EvffUGMUsjlIYJqnXXcxPjZ1QZzgROi71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCEZ3iFN2fsvDjvzseidc3JZ07gD5zPHyp+jQ8=</latexit>

U,D,C, S,B

<latexit sha1_base64="OQ9+gnfFUXQNXrFvDd2+GpTLUAE=">AAAB9HicbVBNT8JAEJ36ifiFevSykZhwaEhrSNQbEQ8eMVoggYZsly1s2G7r7paEEH6HFw8a49Uf481/4wI9KPiSSV7em8nMvCDhTGnH+bbW1jc2t7ZzO/ndvf2Dw8LRcUPFqSTUIzGPZSvAinImqKeZ5rSVSIqjgNNmMKzN/OaISsVi8ajHCfUj3BcsZARrI/mejW5tVLPRg41uuoWiU3bmQKvEzUgRMtS7ha9OLyZpRIUmHCvVdp1E+xMsNSOcTvOdVNEEkyHu07ahAkdU+ZP50VN0bpQeCmNpSmg0V39PTHCk1DgKTGeE9UAtezPxP6+d6vDKnzCRpJoKslgUphzpGM0SQD0mKdF8bAgmkplbERlgiYk2OeVNCO7yy6ukcVF2K+Xr+0qxWsriyMEpnEEJXLiEKtxBHTwg8ATP8Apv1sh6sd6tj0XrmpXNnMAfWJ8/9A2Pjw==</latexit>

⇤

<latexit sha1_base64="sjuz+/aTmqNpn7KJQ/Jk2BqdlYc=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0FIFXYloHYBGwuLCOYByRJmZyfJkNnZZeauEJZ8hI2FIrZ+j51/4yTZQhMPDBzOOZe59wSJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI79ztPXBsRq0ecJtyP6EiJoWAUrdTp39toSAfliltzFyDrxMtJBXI0B+WvfhizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W687IhVVCMoy1fQrJQv09kdHImGkU2GREcWxWvbn4n9dLcXjtZ0IlKXLFlh8NU0kwJvPbSSg0ZyinllCmhd2VsDHVlKFtqGRL8FZPXifty5pXr9081CuNal5HEc7gHKrgwRU04A6a0AIGE3iGV3hzEufFeXc+ltGCk8+cwh84nz8Hs49P</latexit>

v0

<latexit sha1_base64="VtlpefNFqk8HuqUNZPj8fmojYOQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoOYU9iVgHoLePEYxTwgCWF20psMmZ1dZmYDYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnTR0limGDRSJSbZ9qFFxiw3AjsB0rpKEvsOWP7+Z+a4JK80g+mWmMvZAOJQ84o8ZKj5PLfrHkVtwFyDrxMlKCDPV+8as7iFgSojRMUK07nhubXkqV4UzgrNBNNMaUjekQO5ZKGqLupYtLZ+TCKgMSRMqWNGSh/p5Iaaj1NPRtZ0jNSK96c/E/r5OY4KaXchknBiVbLgoSQUxE5m+TAVfIjJhaQpni9lbCRlRRZmw4BRuCt/ryOmleVbxq5fahWqqVszjycAbnUAYPrqEG91CHBjAI4Ble4c0ZOy/Ou/OxbM052cwp/IHz+QM/xI0d</latexit>

v

<latexit sha1_base64="tWiGXJozviEA+L5MYbuoh3AZTho=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLePGYgHlAsoTZSScZMzu7zMwGwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3tb2zu5ffLxwcHh2fFE/PWjpKFMMmi0SkOgHVKLjEpuFGYCdWSMNAYDuY3C/89hSV5pF8NLMY/ZCOJB9yRo2VGtN+seRW3CXIJvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBe6CUaY8omdIRdSyUNUfvp8tA5ubLKgAwjZUsaslR/T6Q01HoWBrYzpGas172F+J/XTczw1k+5jBODkq0WDRNBTEQWX5MBV8iMmFlCmeL2VsLGVFFmbDYFG4K3/vImaV1XvGrlrlEt1cpZHHm4gEsogwc3UIMHqEMTGCA8wyu8OU/Oi/PufKxac042cw5/4Hz+AN8/jOw=</latexit>

��

M

<latexit sha1_base64="xLULssUeaLwbBJu5DFTRW3HOR6c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLePEiJGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5FXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQuK161ctOolmrlLI48nME5lMGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChG4zD</latexit>

Collider bounds

• Mirror Higgs with mass mh0 '
p
2�v0

<latexit sha1_base64="VQHqdnYmJNUVTsV3MBkKPyhmYL8=">AAACCnicbVC7TsMwFHXKq5RXgJHFUKEyVUlVCZAYKrEwFok+pCaKHMdtrdpJajuVqigzC7/CwgBCrHwBG3+D22aAliNZPjrn3mvf48eMSmVZ30ZhbX1jc6u4XdrZ3ds/MA+P2jJKBCYtHLFIdH0kCaMhaSmqGOnGgiDuM9LxR7czvzMhQtIofFDTmLgcDULapxgpLXnmKffSYSWDjqScjPU1FiqtQYfpEQHK4KTimWWras0BV4mdkzLI0fTMLyeIcMJJqDBDUvZsK1ZuioSimJGs5CSSxAiP0ID0NA0RJ9JN56tk8FwrAexHQp9Qwbn6uyNFXMop93UlR2ool72Z+J/XS1T/yk1pGCeKhHjxUD9hUEVwlgsMqCBYsakmCAuq/wrxEAmElU6vpEOwl1deJe1a1a5Xr+/r5cZNHkcRnIAzcAFscAka4A40QQtg8AiewSt4M56MF+Pd+FiUFoy85xj8gfH5AzWKmfM=</latexit>

mt0 ' mt ⇥
v0

v
⇡ v0

<latexit sha1_base64="u/X168VUF6zcpIoX8rVt5gr5Sik=">AAACGXicbZDLSsNAFIYn9VbrLerSzWCRuiqJFFRwUXDjsoK9QFPCZDpph84kceakWEJfw42v4saFIi515ds4vSy09cDAx/+fw5nzB4ngGhzn28qtrK6tb+Q3C1vbO7t79v5BQ8epoqxOYxGrVkA0EzxideAgWCtRjMhAsGYwuJ74zSFTmsfRHYwS1pGkF/GQUwJG8m1H+hmUxtjTXLJ7LH3AHhjU2AsVodmwNM6GxiZJouIHPCz5dtEpO9PCy+DOoYjmVfPtT68b01SyCKggWrddJ4FORhRwKti44KWaJYQOSI+1DUbELO9k08vG+MQoXRzGyrwI8FT9PZERqfVIBqZTEujrRW8i/ue1UwgvOhmPkhRYRGeLwlRgiPEkJtzlilEQIwOEKm7+immfmETAhFkwIbiLJy9D46zsVsqXt5Vi9WoeRx4doWN0ilx0jqroBtVQHVH0iJ7RK3qznqwX6936mLXmrPnMIfpT1tcPRAWgdw==</latexit>

• Mirror top partner at scale

Current bound mt0 & 2 TeV

<latexit sha1_base64="DPsHFpYUFN5VxfEGVlScjY6Mu7Q=">AAACBXicbVDLSgMxFM34rPU16lIXwSK6KjOloIKLghuXFfqCTimZNG1Dk8yQ3BHK0I0bf8WNC0Xc+g/u/BvTdhbaeiBwOOdcbu4JY8ENeN63s7K6tr6xmdvKb+/s7u27B4cNEyWasjqNRKRbITFMcMXqwEGwVqwZkaFgzXB0O/WbD0wbHqkajGPWkWSgeJ9TAlbquieym8L5BAcDsCGJSzjAaaAlrrHGpOsWvKI3A14mfkYKKEO1634FvYgmkimgghjT9r0YOinRwKlgk3yQGBYTOiID1rZUEclMJ51dMcFnVunhfqTtU4Bn6u+JlEhjxjK0SUlgaBa9qfif106gf9VJuYoTYIrOF/UTgSHC00pwj2tGQYwtIVRz+1dMh0QTCra4vC3BXzx5mTRKRb9cvL4vFyo3WR05dIxO0QXy0SWqoDtURXVE0SN6Rq/ozXlyXpx352MeXXGymSP0B87nD+K2l4o=</latexit>

much�weaker�bound�on�v’�than�
that�from�W’�and�Z’�gauge�bosons

Only competitive bound on       
for extremely small 

v0

<latexit sha1_base64="OHdapmxrbeimQm4/B6APKCHYdTM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQAUPAS8eo5gHJEuYncwmQ2Znl5neQAj5Ay8eFPHqH3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDO9mfnPEtRGxesJxwv2I9pUIBaNopcfRebdYcsvuHGSVeBkpQYZat/jV6cUsjbhCJqkxbc9N0J9QjYJJPi10UsMTyoa0z9uWKhpx40/ml07JmVV6JIy1LYVkrv6emNDImHEU2M6I4sAsezPxP6+dYnjtT4RKUuSKLRaFqSQYk9nbpCc0ZyjHllCmhb2VsAHVlKENp2BD8JZfXiWNy7JXKd88VErV2yyOPJzAKVyAB1dQhXuoQR0YhPAMr/DmDJ0X5935WLTmnGzmGP7A+fwBRciNMQ==</latexit>

�

<latexit sha1_base64="2Gkd/roo8LcfwK0bCSUrcD9hd2c=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQiqOCi4MZlBfuANpTJZNIOnUzCzI1QQj/CjQtF3Po97vwbp20W2npg4HDOucy9J0ilMOi6305pbX1jc6u8XdnZ3ds/qB4etU2SacZbLJGJ7gbUcCkUb6FAybup5jQOJO8E47uZ33ni2ohEPeIk5X5Mh0pEglG0UqcvbTSkg2rNrbtzkFXiFaQGBZqD6lc/TFgWc4VMUmN6npuin1ONgkk+rfQzw1PKxnTIe5YqGnPj5/N1p+TMKiGJEm2fQjJXf0/kNDZmEgc2GVMcmWVvJv7n9TKMrv1cqDRDrtjioyiTBBMyu52EQnOGcmIJZVrYXQkbUU0Z2oYqtgRv+eRV0r6oe5f1m4fLWuO2qKMMJ3AK5+DBFTTgHprQAgZjeIZXeHNS58V5dz4W0ZJTzBzDHzifPz7Xj4M=</latexit>

• Additional colored particles at the 
see-saw scale M � v0

<latexit sha1_base64="Rd/grHORjApJg8mMOCOY4zEJPFc=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE9lV0pqOCh4MWLUMF+QLuUbJrdhmaza5ItlKV/wosHRbz6d7z5b0zbPWjrg4HHezPMzPMTwbVxnG+0srq2vrFZ2Cpu7+zu7ZcODps6ThVlDRqLWLV9opngkjUMN4K1E8VI5AvW8oe3U781YkrzWD6accK8iISSB5wSY6X2Pe6GIR6d9Uplp+LMgJeJm5My5Kj3Sl/dfkzTiElDBdG64zqJ8TKiDKeCTYrdVLOE0CEJWcdSSSKmvWx27wSfWqWPg1jZkgbP1N8TGYm0Hke+7YyIGehFbyr+53VSE1x5GZdJapik80VBKrCJ8fR53OeKUSPGlhCquL0V0wFRhBobUdGG4C6+vEyaFxW3Wrl+qJZrN3kcBTiGEzgHFy6hBndQhwZQEPAMr/CGntALekcf89YVlM8cwR+gzx/Ei48k</latexit>

ATLAS, 1808.02343; CMS, 1805.04758



Flavor
Tree-level FCNCs mediated by the     and     bosons, 
as well as their (much heavier) mirror counterparts

Z

<latexit sha1_base64="UFnl9M3EoY1W5rZhrS2Dla+rPfQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQAUPAS8eEzAPTJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyW92acoB/RgeQhZ9RYqf7QK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPInXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9Svq5XStWbLI48nMApnIMHl1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gC604zk</latexit>

h

<latexit sha1_base64="c1d/2qIB3UcTlFcNJt1Hj3Q4tjk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIKHghePLdhaaEPZbCft2s0m7G6EEvoLvHhQxKs/yZv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqK3jVDFssVjEqhNQjYJLbBluBHYShTQKBD4E49uZ//CESvNY3ptJgn5Eh5KHnFFjpeaoX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/yMyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6tWq181apX6Tx1GEEziFc/DgEupwBw1oAQOEZ3iFN+fReXHenY9Fa8HJZ47hD5zPH9ALjPI=</latexit>

�He↵ ' �

p

2GF cos(2✓w)(✏
†
d✏d)32(b̄L�

µsL)(µ̄L�µµL) + h.c.

<latexit sha1_base64="tnju2lawT2C+vrXj52unSvKiCcA="></latexit>

(✏†d✏d)32 =
v2

2

X

i

(ỹd)3i(ỹd)⇤2i
m2

Di

<latexit sha1_base64="2eyoH1EfB+jvNjJk3tWymYFngLY="></latexit>

. v

M

p
mbms

v0
⌧ 1

<latexit sha1_base64="SLekY0kWc5ZUtZgSOlDH8T7HtZQ=">AAACHnicbZDLSgMxFIYz9VbrbdSlm2ARXZUZqajgouDGjVDBXqBThkyaaUOTmTHJFEqYJ3Hjq7hxoYjgSt/GtJ2Fth4IfPz/OZycP0gYlcpxvq3C0vLK6lpxvbSxubW9Y+/uNWWcCkwaOGaxaAdIEkYj0lBUMdJOBEE8YKQVDK8nfmtEhKRxdK/GCely1I9oSDFSRvLtM+gxIqWkHHqhQFiPMn2b5ezJB6E09wPIfZllenRsHMag69tlp+JMCy6Cm0MZ5FX37U+vF+OUk0hhhqTsuE6iuhoJRTEjWclLJUkQHqI+6RiMECeyq6fnZfDIKD0YxsK8SMGp+ntCIy7lmAemkyM1kPPeRPzP66QqvOhqGiWpIhGeLQpTBlUMJ1nBHhUEKzY2gLCg5q8QD5BJRplESyYEd/7kRWieVtxq5fKuWq5d5XEUwQE4BCfABeegBm5AHTQABo/gGbyCN+vJerHerY9Za8HKZ/bBn7K+fgD7zKL/</latexit>

BR(B0
s ! µ+µ�)BSM

BR(B0
s ! µ+µ�)SM

� 1 . 10�3

✓
18 TeV

v0

◆2 ✓ v0

M

◆

<latexit sha1_base64="Snh7KhBIu3k9GozFQTGi3s/bgZ0="></latexit>

built-in�suppression�of�tree-level�FCNCs�as�a�result�of�see-saw�mechanism�

(�cf.�Uncertainty�in�the�SM�prediction�of�O(10%)�)

𝜇

Z 𝜇

s

b
Bs



Flavor
At one-loop:

u��,�U�i i

u��,�U�j j
s

d

d

s

W W, W W,
Leading correction from diagrams 

involving one       and one      .W

<latexit sha1_base64="NGwEgHmfX/1CxJEbaSojrZ2/K+Q=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHFuwHtKFstpN27WYTdjdCCf0FXjwo4tWf5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+G7mt59QaR7LBzNJ0I/oUPKQM2qs1Gj3yxW36s5BVomXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4HTUi/VmFA2pkPsWipphNrP5odOyZlVBiSMlS1pyFz9PZHRSOtJFNjOiJqRXvZm4n9eNzXhtZ9xmaQGJVssClNBTExmX5MBV8iMmFhCmeL2VsJGVFFmbDYlG4K3/PIqaV1UvcvqTeOyUrvN4yjCCZzCOXhwBTW4hzo0gQHCM7zCm/PovDjvzseiteDkM8fwB87nD7ZHjOE=</latexit>

W 0

<latexit sha1_base64="Sto1+pGAfIeYqKfQsgRaULE+oo8=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ6KokUVPBQ8OKxiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfy0YwT9CM6kDzkjBorPbTOeqWyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NLJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzacog3BW3x5mTQvKl61cn1fLddu8jgKcAwncA4eXEIN7qAODWAQwjO8wpszcl6cd+dj3rri5DNH8AfO5w8WrY0S</latexit>

<<�theoretical�uncertainty�
on�SM�prediction

�mK ⇡ �6 · 10�16 GeV

✓
6 TeV

mW 0

◆2

<latexit sha1_base64="fyn2R7c2MwDvD2jIEFoLRcgvHD0="></latexit>

Correction to         can be large. For anarchic Yukawa coupling structure:|✏K |

<latexit sha1_base64="sLuwlDNoBJYb8JB2NiWe3gZQy00=">AAAB83icbVBNSwMxEJ2tX7V+VT16WSyCp7IrBRU8FLwIXirYD+guJZtm29BsEpKsULb9G148KOLVP+PNf2Pa7kFbHww83pthZl4kGdXG876dwtr6xuZWcbu0s7u3f1A+PGppkSpMmlgwoToR0oRRTpqGGkY6UhGURIy0o9HtzG8/EaWp4I9mLEmYoAGnMcXIWCmYBERqygTv3U965YpX9eZwV4mfkwrkaPTKX0Ff4DQh3GCGtO76njRhhpShmJFpKUg1kQiP0IB0LeUoITrM5jdP3TOr9N1YKFvcuHP190SGEq3HSWQ7E2SGetmbif953dTEV2FGuUwN4XixKE6Za4Q7C8DtU0WwYWNLEFbU3uriIVIIGxtTyYbgL7+8SloXVb9WvX6oVeo3eRxFOIFTOAcfLqEOd9CAJmCQ8Ayv8Oakzovz7nwsWgtOPnMMf+B8/gBsy5Hw</latexit>

M & 750� 1000 TeV

<latexit sha1_base64="EJvyesjbSVfS+m7VI3ER/Qt2nrs=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwY8lIpQouCm7cCBX6gk4pmTTThiaZIckIZejWjb/ixoUibv0Dd/6NaTsLbT1w4XDOvdx7TxBzpg1C305uZXVtfSO/Wdja3tndc/cPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo5up33qgSrNI1s04pl2BB5KFjGBjpZ4L76A/MNYXsHKB4Bn0EELQh6mvBKzT5qTnFlEJzQCXiZeRIshQ67lffj8iiaDSEI617ngoNt0UK8MIp5OCn2gaYzLCA9qxVGJBdTedfTKBJ1bpwzBStqSBM/X3RIqF1mMR2E6BzVAvelPxP6+TmPCymzIZJ4ZKMl8UJhyaCE5jgX2mKDF8bAkmitlbIRlihYmx4RVsCN7iy8ukeV7yyqWr+3Kxep3FkQdH4BicAg9UQBXcghpoAAIewTN4BW/Ok/PivDsf89ack80cgj9wPn8AxdeXOA==</latexit>

see-saw�scale�in�
the�up�sector

theory�consistent�with�current�bounds,�but�
careful�analysis�could�reveal�constraints�on�the�

flavor�structure�of�these�models



Soft breaking of parity
If  parity is only broken softly in the Higgs potential, then ✓̄ . 10�19

<latexit sha1_base64="awDUFFfjm5derLZaQ0eh2IbnHaI=">AAACBnicbVDLSgNBEJz1GeMr6lGEwSB4MexKQAMeAl48RjAPyK5hdtJJhsw+mOkVwpKTF3/FiwdFvPoN3vwbJ8keNLGgoajqprvLj6XQaNvf1tLyyuraem4jv7m1vbNb2Ntv6ChRHOo8kpFq+UyDFCHUUaCEVqyABb6Epj+8nvjNB1BaROEdjmLwAtYPRU9whkbqFI5cnynq4gCQUVeC1loE1LHv0zOnMu4UinbJnoIuEicjRZKh1il8ud2IJwGEyCXTuu3YMXopUyi4hHHeTTTEjA9ZH9qGhiwA7aXTN8b0xChd2ouUqRDpVP09kbJA61Hgm86A4UDPexPxP6+dYO/SS0UYJwghny3qJZJiRCeZ0K5QwFGODGFcCXMr5QOmGEeTXN6E4My/vEga5yWnXKrclovVqyyOHDkkx+SUOOSCVMkNqZE64eSRPJNX8mY9WS/Wu/Uxa12yspkD8gfW5w+HPpfg</latexit>

no�larger�than�in�the�SM

Second source of  soft-breaking in non-hermitian vector-like masses

L � (Mu)ij UiU
0
j + h.c.

<latexit sha1_base64="uiZpi18DLsKDFkXRCngNxXGNEfg="></latexit>

with M†
u 6= Mu

<latexit sha1_base64="YkPtdLl/UiBt9JDlbtLcv08hDME=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiRSUMFFwY0boYJ9QBPDZHrbDp1M4sxEKKG/4MZfceNCEbfu3Pk3Th8L23rgwuGce7n3njDhTGnH+bFyK6tr6xv5zcLW9s7unr1/0FBxKinUacxj2QqJAs4E1DXTHFqJBBKFHJrh4GrsNx9BKhaLOz1MwI9IT7Auo0QbKbBLXkR0nxKe3YyC9N7rkF4PJPYEPOA5K7CLTtmZAC8Td0aKaIZaYH97nZimEQhNOVGq7TqJ9jMiNaMcRgUvVZAQOiA9aBsqSATKzyYfjfCJUTq4G0tTQuOJ+nciI5FSwyg0neMj1aI3Fv/z2qnunvsZE0mqQdDpom7KsY7xOB7cYRKo5kNDCJXM3Ippn0hCtQmxYEJwF19eJo3TslspX9xWitXLWRx5dISOUQm56AxV0TWqoTqi6Am9oDf0bj1br9aH9TltzVmzmUM0B+vrFzZWneM=</latexit>

breaks�both�P�and�CP
At tree-level:

Mu =

 
0 v0

p
2
y0⇤u

vp
2
yTu Mu

!

<latexit sha1_base64="6SS+EmzQ7sz8j0mHlxE9Up+/gTw="></latexit>

✓q = arg det(MuMd)

<latexit sha1_base64="+g4Sue69Llele5XaQTXQ98+WNoU=">AAACJ3icbVDJSgNBEO1xN26jHr00BkEvYUYCKqgIXrwICmaBTBh6eipJY89id40QhvkbL/6KF0FF9Oif2FkOGn3Q8Pq9KqrqBakUGh3n05qanpmdm19YLC0tr6yu2esbdZ1kikONJzJRzYBpkCKGGgqU0EwVsCiQ0Ahuzwd+4x6UFkl8g/0U2hHrxqIjOEMj+faphz1A5t/RE5p7KqJMdQvqjXgIWNBd6kUMe0GQXxZ+9vMT0j3fLjsVZwj6l7hjUiZjXPn2ixcmPIsgRi6Z1i3XSbGdM4WCSyhKXqYhZfyWdaFlaMwi0O18eGdBd4wS0k6izIuRDtWfHTmLtO5HgakcbKknvYH4n9fKsHPYzkWcZggxHw3qZJJiQgeh0VAo4Cj7hjCuhNmV8h5TjKOJtmRCcCdP/kvq+xW3Wjm6rpbPjsdxLJAtsk12iUsOyBm5IFekRjh5IE/klbxZj9az9W59jEqnrHHPJvkF6+sbfmClGw==</latexit>

= arg det(yuyd) + arg det(y0⇤u y0⇤d ) = 0

<latexit sha1_base64="y4CmSphpPwxfFWRcCclVysAcaaU="></latexit>

✓̄ = 0

<latexit sha1_base64="PN8Q6lHL2+2IxRzCIEcxlTaHE7I=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBFRQCHjxGME8ILuE2clsMmT2wUyvEEO+xIsHRbz6Kd78GyfJHjSxoKGo6qa7K0il0Og431ZhbX1jc6u4XdrZ3dsv2weHLZ1kivEmS2SiOgHVXIqYN1Gg5J1UcRoFkreD0e3Mbz9ypUUSP+A45X5EB7EIBaNopJ5d9gKqiIdDjpTcEKdnV5yqMwdZJW5OKpCj0bO/vH7CsojHyCTVuus6KfoTqlAwyaclL9M8pWxEB7xraEwjrv3J/PApOTVKn4SJMhUjmau/JyY00nocBaYzojjUy95M/M/rZhhe+hMRpxnymC0WhZkkmJBZCqQvFGcox4ZQpoS5lbAhVZShyapkQnCXX14lrfOqW6te3dcq9es8jiIcwwmcgQsXUIc7aEATGGTwDK/wZj1ZL9a79bFoLVj5zBH8gfX5AyCskhc=</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

at tree-level if  the breaking is soft



Radiatively induced EDMs

df ⇠
Qfmf

32⇡2M2
⇥O

✓
|�M|

M

◆

<latexit sha1_base64="nyN0ZUaIihu4TA8r+U7IUmy3L7s="></latexit>

deviation�from�
hermiticity�in�

vector-like�mass

However, individual EDMs for elementary fermions are non-zero… 
for both quarks and leptons!

✓̄ '
X

i

⇢
Im(�mdi)

mdi

+
Im(�mui)

mui

�
= 0

<latexit sha1_base64="ngEnjHNNx7AdsNiZLwMFnAAqGMQ="></latexit>

W 0, Z 0

<latexit sha1_base64="NhZYyzTYNgb59RHRInqSvfi0fnY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZpD1J2paDeCl48VrAf2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxjczv/1ElWZS3JtJTP0IDwULGcHGSq12+Rw9lPvFklt150CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxIRXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJ66Lq1arXd7VSvZLFkYcTOIUKeHAJdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8f3iaN8w==</latexit>

t0

<latexit sha1_base64="H7bGefDSTxos+Pk6LIf9/kl0cBc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKD3jRL5XdqjsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtC6rXq16c18r1yt5HAU4hTOogAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Azy6jRs=</latexit>

h0

<latexit sha1_base64="a1flJVEkQtdfoLRnz46aOZ6dEj0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpYXTRL5XdqjsHWSVeTsqQo9EvffUGMUsjlIYJqnXXcxPjZ1QZzgROi71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCEZ3iFN2fsvDjvzseidc3JZ07gD5zPHyp+jQ8=</latexit>

U,D,C, S,B

<latexit sha1_base64="OQ9+gnfFUXQNXrFvDd2+GpTLUAE=">AAAB9HicbVBNT8JAEJ36ifiFevSykZhwaEhrSNQbEQ8eMVoggYZsly1s2G7r7paEEH6HFw8a49Uf481/4wI9KPiSSV7em8nMvCDhTGnH+bbW1jc2t7ZzO/ndvf2Dw8LRcUPFqSTUIzGPZSvAinImqKeZ5rSVSIqjgNNmMKzN/OaISsVi8ajHCfUj3BcsZARrI/mejW5tVLPRg41uuoWiU3bmQKvEzUgRMtS7ha9OLyZpRIUmHCvVdp1E+xMsNSOcTvOdVNEEkyHu07ahAkdU+ZP50VN0bpQeCmNpSmg0V39PTHCk1DgKTGeE9UAtezPxP6+d6vDKnzCRpJoKslgUphzpGM0SQD0mKdF8bAgmkplbERlgiYk2OeVNCO7yy6ukcVF2K+Xr+0qxWsriyMEpnEEJXLiEKtxBHTwg8ATP8Apv1sh6sd6tj0XrmpXNnMAfWJ8/9A2Pjw==</latexit>

⇤

<latexit sha1_base64="sjuz+/aTmqNpn7KJQ/Jk2BqdlYc=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0FIFXYloHYBGwuLCOYByRJmZyfJkNnZZeauEJZ8hI2FIrZ+j51/4yTZQhMPDBzOOZe59wSJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI79ztPXBsRq0ecJtyP6EiJoWAUrdTp39toSAfliltzFyDrxMtJBXI0B+WvfhizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W687IhVVCMoy1fQrJQv09kdHImGkU2GREcWxWvbn4n9dLcXjtZ0IlKXLFlh8NU0kwJvPbSSg0ZyinllCmhd2VsDHVlKFtqGRL8FZPXifty5pXr9081CuNal5HEc7gHKrgwRU04A6a0AIGE3iGV3hzEufFeXc+ltGCk8+cwh84nz8Hs49P</latexit>

M � v0

<latexit sha1_base64="cAIF048JWu4zYja0qTNda0VKxjg=">AAAB73icbVBNSwMxEJ34WetX1aOXYBF7KrtSUG8FL16ECvYD2qVk0+w2NJtdk2yhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnp8Iro3jfKO19Y3Nre3CTnF3b//gsHR03NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qd+e0xU5rH8tFMEuZFJJQ84JQYK3XucS8M8fiiXyo7VWcOvErcnJQhR6Nf+uoNYppGTBoqiNZd10mMlxFlOBVsWuylmiWEjkjIupZKEjHtZfN7p/jcKgMcxMqWNHiu/p7ISKT1JPJtZ0TMUC97M/E/r5ua4NrLuExSwyRdLApSgU2MZ8/jAVeMGjGxhFDF7a2YDoki1NiIijYEd/nlVdK6rLq16s1DrVyv5HEU4BTOoAIuXEEd7qABTaAg4Ble4Q09oRf0jj4WrWsonzmBP0CfP76HjxA=</latexit>

v0

<latexit sha1_base64="VtlpefNFqk8HuqUNZPj8fmojYOQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoOYU9iVgHoLePEYxTwgCWF20psMmZ1dZmYDYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnTR0limGDRSJSbZ9qFFxiw3AjsB0rpKEvsOWP7+Z+a4JK80g+mWmMvZAOJQ84o8ZKj5PLfrHkVtwFyDrxMlKCDPV+8as7iFgSojRMUK07nhubXkqV4UzgrNBNNMaUjekQO5ZKGqLupYtLZ+TCKgMSRMqWNGSh/p5Iaaj1NPRtZ0jNSK96c/E/r5OY4KaXchknBiVbLgoSQUxE5m+TAVfIjJhaQpni9lbCRlRRZmw4BRuCt/ryOmleVbxq5fahWqqVszjycAbnUAYPrqEG91CHBjAI4Ble4c0ZOy/Ou/OxbM052cwp/IHz+QM/xI0d</latexit>

v

<latexit sha1_base64="tWiGXJozviEA+L5MYbuoh3AZTho=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLePGYgHlAsoTZSScZMzu7zMwGwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3tb2zu5ffLxwcHh2fFE/PWjpKFMMmi0SkOgHVKLjEpuFGYCdWSMNAYDuY3C/89hSV5pF8NLMY/ZCOJB9yRo2VGtN+seRW3CXIJvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBe6CUaY8omdIRdSyUNUfvp8tA5ubLKgAwjZUsaslR/T6Q01HoWBrYzpGas172F+J/XTczw1k+5jBODkq0WDRNBTEQWX5MBV8iMmFlCmeL2VsLGVFFmbDYFG4K3/vImaV1XvGrlrlEt1cpZHHm4gEsogwc3UIMHqEMTGCA8wyu8OU/Oi/PufKxac042cw5/4Hz+AN8/jOw=</latexit>

��

h, h0

<latexit sha1_base64="XnTt7vIQWIsDU94VwtOz9GFuNlE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL2ICWRgnorePFYwbSFNpTNdtMs3d2E3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6acaeO6387a+sbm1nZpp7y7t39wWDk6buskU4T6JOGJ6oZYU84k9Q0znHZTRbEIOe2E47uZ33miSrNEPppJSgOBR5JFjGBjJT++RPHFoFJ16+4caJV4BalCgdag8tUfJiQTVBrCsdY9z01NkGNlGOF0Wu5nmqaYjPGI9iyVWFAd5PNjp+jcKkMUJcqWNGiu/p7IsdB6IkLbKbCJ9bI3E//zepmJboKcyTQzVJLFoijjyCRo9jkaMkWJ4RNLMFHM3opIjBUmxuZTtiF4yy+vkvZV3WvUbx8a1WatiKMEp3AGNfDgGppwDy3wgQCDZ3iFN0c6L86787FoXXOKmRP4A+fzB6x5jeE=</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

f

<latexit sha1_base64="kfeWzpXXMQPCfOzPuL1ekbHC+Gk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjgoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPxv+M3A==</latexit>

f

<latexit sha1_base64="kfeWzpXXMQPCfOzPuL1ekbHC+Gk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjgoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPxv+M3A==</latexit>

F

<latexit sha1_base64="1ls4gIrgmADDq1uJ/F13JuM89As=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLCOIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38799hMqzWP5YCYJ+hEdSh5yRo2VGnf9YsmtuAuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCa3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVZ8aqVm0a1VCtnceThDM6hDB5cQQ3uoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A5Z/jLw=</latexit>

Z,Z 0

<latexit sha1_base64="FwEZPWoImB0SOBHe+aDbtXkiRlc=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBF7kLIrBfVW8OKxgtuWtkvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0gE18ZxvtHa+sbm1nZhp7i7t39wWDo6buo4VZR5NBaxagdEM8El8ww3grUTxUgUCNYKxnczv/XElOaxfDSThPkRGUoeckqMlbzOJe5c9Etlp+rMgVeJm5My5Gj0S1+9QUzTiElDBdG66zqJ8TOiDKeCTYu9VLOE0DEZsq6lkkRM+9n82Ck+t8oAh7GyJQ2eq78nMhJpPYkC2xkRM9LL3kz8z+umJrzxMy6T1DBJF4vCVGAT49nneMAVo0ZMLCFUcXsrpiOiCDU2n6INwV1+eZU0r6purXr7UCvXK3kcBTiFM6iAC9dQh3togAcUODzDK7whiV7QO/pYtK6hfOYE/gB9/gCBw43F</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

f

<latexit sha1_base64="kfeWzpXXMQPCfOzPuL1ekbHC+Gk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjgoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPxv+M3A==</latexit>

f

<latexit sha1_base64="kfeWzpXXMQPCfOzPuL1ekbHC+Gk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjgoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPxv+M3A==</latexit>

F

<latexit sha1_base64="1ls4gIrgmADDq1uJ/F13JuM89As=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLCOIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38799hMqzWP5YCYJ+hEdSh5yRo2VGnf9YsmtuAuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCa3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVZ8aqVm0a1VCtnceThDM6hDB5cQQ3uoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A5Z/jLw=</latexit>

fi

<latexit sha1_base64="3cULxToVSZgOt7LG+RA4ks3pWwg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHsK+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9Wvb6vVeo3eRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AFJBI3S</latexit>

h, h0

<latexit sha1_base64="XnTt7vIQWIsDU94VwtOz9GFuNlE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL2ICWRgnorePFYwbSFNpTNdtMs3d2E3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6acaeO6387a+sbm1nZpp7y7t39wWDk6buskU4T6JOGJ6oZYU84k9Q0znHZTRbEIOe2E47uZ33miSrNEPppJSgOBR5JFjGBjJT++RPHFoFJ16+4caJV4BalCgdag8tUfJiQTVBrCsdY9z01NkGNlGOF0Wu5nmqaYjPGI9iyVWFAd5PNjp+jcKkMUJcqWNGiu/p7IsdB6IkLbKbCJ9bI3E//zepmJboKcyTQzVJLFoijjyCRo9jkaMkWJ4RNLMFHM3opIjBUmxuZTtiF4yy+vkvZV3WvUbx8a1WatiKMEp3AGNfDgGppwDy3wgQCDZ3iFN0c6L86787FoXXOKmRP4A+fzB6x5jeE=</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

Z,Z 0

<latexit sha1_base64="FwEZPWoImB0SOBHe+aDbtXkiRlc=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBF7kLIrBfVW8OKxgtuWtkvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0gE18ZxvtHa+sbm1nZhp7i7t39wWDo6buo4VZR5NBaxagdEM8El8ww3grUTxUgUCNYKxnczv/XElOaxfDSThPkRGUoeckqMlbzOJe5c9Etlp+rMgVeJm5My5Gj0S1+9QUzTiElDBdG66zqJ8TOiDKeCTYu9VLOE0DEZsq6lkkRM+9n82Ck+t8oAh7GyJQ2eq78nMhJpPYkC2xkRM9LL3kz8z+umJrzxMy6T1DBJF4vCVGAT49nneMAVo0ZMLCFUcXsrpiOiCDU2n6INwV1+eZU0r6purXr7UCvXK3kcBTiFM6iAC9dQh3togAcUODzDK7whiV7QO/pYtK6hfOYE/gB9/gCBw43F</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

fi

<latexit sha1_base64="3TMLZtzKOnbAqtfaVb/Y5ZSjt9w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh3DAB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBBMo24</latexit>

Fj , fj

<latexit sha1_base64="piB9CjQAQDMB8TAPhcC9gVxCkE0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahBymJFNRbQRCPFewHtCFstpt2280m7m6EEvonvHhQxKt/x5v/xm2ag7Y+GHi8N8PMPD/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Iz9ztPVCoWiQc9jakb4qFgASNYG6l7643PUeCNvXLFrtkZ0CpxclKBHE2v/NUfRCQJqdCEY6V6jh1rN8VSM8LprNRPFI0xmeAh7RkqcEiVm2b3ztCZUQYoiKQpoVGm/p5IcajUNPRNZ4j1SC17c/E/r5fo4MpNmYgTTQVZLAoSjnSE5s+jAZOUaD41BBPJzK2IjLDERJuISiYEZ/nlVdK+qDn12vV9vdKo5nEU4QROoQoOXEID7qAJLSDA4Rle4c16tF6sd+tj0Vqw8plj+APr8wcQsY9G</latexit>

fi

<latexit sha1_base64="3TMLZtzKOnbAqtfaVb/Y5ZSjt9w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh3DAB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBBMo24</latexit>

fi

<latexit sha1_base64="3TMLZtzKOnbAqtfaVb/Y5ZSjt9w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh3DAB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBBMo24</latexit>

Fj , fj

<latexit sha1_base64="piB9CjQAQDMB8TAPhcC9gVxCkE0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahBymJFNRbQRCPFewHtCFstpt2280m7m6EEvonvHhQxKt/x5v/xm2ag7Y+GHi8N8PMPD/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Iz9ztPVCoWiQc9jakb4qFgASNYG6l7643PUeCNvXLFrtkZ0CpxclKBHE2v/NUfRCQJqdCEY6V6jh1rN8VSM8LprNRPFI0xmeAh7RkqcEiVm2b3ztCZUQYoiKQpoVGm/p5IcajUNPRNZ4j1SC17c/E/r5fo4MpNmYgTTQVZLAoSjnSE5s+jAZOUaD41BBPJzK2IjLDERJuISiYEZ/nlVdK+qDn12vV9vdKo5nEU4QROoQoOXEID7qAJLSDA4Rle4c16tF6sd+tj0Vqw8plj+APr8wcQsY9G</latexit>

fi

<latexit sha1_base64="3TMLZtzKOnbAqtfaVb/Y5ZSjt9w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh3DAB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBBMo24</latexit>

h, h0

<latexit sha1_base64="XnTt7vIQWIsDU94VwtOz9GFuNlE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL2ICWRgnorePFYwbSFNpTNdtMs3d2E3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6acaeO6387a+sbm1nZpp7y7t39wWDk6buskU4T6JOGJ6oZYU84k9Q0znHZTRbEIOe2E47uZ33miSrNEPppJSgOBR5JFjGBjJT++RPHFoFJ16+4caJV4BalCgdag8tUfJiQTVBrCsdY9z01NkGNlGOF0Wu5nmqaYjPGI9iyVWFAd5PNjp+jcKkMUJcqWNGiu/p7IsdB6IkLbKbCJ9bI3E//zepmJboKcyTQzVJLFoijjyCRo9jkaMkWJ4RNLMFHM3opIjBUmxuZTtiF4yy+vkvZV3WvUbx8a1WatiKMEp3AGNfDgGppwDy3wgQCDZ3iFN0c6L86787FoXXOKmRP4A+fzB6x5jeE=</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

Z,Z 0

<latexit sha1_base64="FwEZPWoImB0SOBHe+aDbtXkiRlc=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBF7kLIrBfVW8OKxgtuWtkvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0gE18ZxvtHa+sbm1nZhp7i7t39wWDo6buo4VZR5NBaxagdEM8El8ww3grUTxUgUCNYKxnczv/XElOaxfDSThPkRGUoeckqMlbzOJe5c9Etlp+rMgVeJm5My5Gj0S1+9QUzTiElDBdG66zqJ8TOiDKeCTYu9VLOE0DEZsq6lkkRM+9n82Ck+t8oAh7GyJQ2eq78nMhJpPYkC2xkRM9LL3kz8z+umJrzxMy6T1DBJF4vCVGAT49nneMAVo0ZMLCFUcXsrpiOiCDU2n6INwV1+eZU0r6purXr7UCvXK3kcBTiFM6iAC9dQh3togAcUODzDK7whiV7QO/pYtK6hfOYE/gB9/gCBw43F</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

d

<latexit sha1_base64="9wVXLtflsmbbIzYcufFkmT6z+x4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ylsbG5t7xR3S3v7B4dH5eOTtk4yxbDFEpGobkA1Ci6xZbgR2E0V0jgQ2AnGd3O/84RK80Q+mEmKfkyHkkecUWOlZjgoV9yauwBZJ15OKpCjMSh/9cOEZTFKwwTVuue5qfGnVBnOBM5K/UxjStmYDrFnqaQxan+6OHRGLqwSkihRtqQhC/X3xJTGWk/iwHbG1Iz0qjcX//N6mYlu/CmXaWZQsuWiKBPEJGT+NQm5QmbExBLKFLe3EjaiijJjsynZELzVl9dJ+7LmXdVum1eVejWPowhncA5V8OAa6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8fw/eM2g==</latexit>

Dj , dj

<latexit sha1_base64="swTvbMsZHly8Uknb9mx4+/fUCeY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahBymJFNRbQQ8eK9gPaEPYbDbttptN3N0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeX7CmdK2/W0V1tY3NreK26Wd3b39g/LhUVvFqSS0RWIey66PFeVM0JZmmtNuIimOfE47/vhm5neeqFQsFg96klA3wgPBQkawNlL31hudo8AbeeWKXbPnQKvEyUkFcjS98lc/iEkaUaEJx0r1HDvRboalZoTTaamfKppgMsYD2jNU4IgqN5vfO0VnRglQGEtTQqO5+nsiw5FSk8g3nRHWQ7XszcT/vF6qwys3YyJJNRVksShMOdIxmj2PAiYp0XxiCCaSmVsRGWKJiTYRlUwIzvLLq6R9UXPqtev7eqVRzeMowgmcQhUcuIQG3EETWkCAwzO8wpv1aL1Y79bHorVg5TPH8AfW5w8Kj49C</latexit>

d

<latexit sha1_base64="9wVXLtflsmbbIzYcufFkmT6z+x4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ylsbG5t7xR3S3v7B4dH5eOTtk4yxbDFEpGobkA1Ci6xZbgR2E0V0jgQ2AnGd3O/84RK80Q+mEmKfkyHkkecUWOlZjgoV9yauwBZJ15OKpCjMSh/9cOEZTFKwwTVuue5qfGnVBnOBM5K/UxjStmYDrFnqaQxan+6OHRGLqwSkihRtqQhC/X3xJTGWk/iwHbG1Iz0qjcX//N6mYlu/CmXaWZQsuWiKBPEJGT+NQm5QmbExBLKFLe3EjaiijJjsynZELzVl9dJ+7LmXdVum1eVejWPowhncA5V8OAa6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8fw/eM2g==</latexit>

d

<latexit sha1_base64="9wVXLtflsmbbIzYcufFkmT6z+x4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ylsbG5t7xR3S3v7B4dH5eOTtk4yxbDFEpGobkA1Ci6xZbgR2E0V0jgQ2AnGd3O/84RK80Q+mEmKfkyHkkecUWOlZjgoV9yauwBZJ15OKpCjMSh/9cOEZTFKwwTVuue5qfGnVBnOBM5K/UxjStmYDrFnqaQxan+6OHRGLqwSkihRtqQhC/X3xJTGWk/iwHbG1Iz0qjcX//N6mYlu/CmXaWZQsuWiKBPEJGT+NQm5QmbExBLKFLe3EjaiijJjsynZELzVl9dJ+7LmXdVum1eVejWPowhncA5V8OAa6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8fw/eM2g==</latexit>

Dj , dj

<latexit sha1_base64="swTvbMsZHly8Uknb9mx4+/fUCeY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahBymJFNRbQQ8eK9gPaEPYbDbttptN3N0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeX7CmdK2/W0V1tY3NreK26Wd3b39g/LhUVvFqSS0RWIey66PFeVM0JZmmtNuIimOfE47/vhm5neeqFQsFg96klA3wgPBQkawNlL31hudo8AbeeWKXbPnQKvEyUkFcjS98lc/iEkaUaEJx0r1HDvRboalZoTTaamfKppgMsYD2jNU4IgqN5vfO0VnRglQGEtTQqO5+nsiw5FSk8g3nRHWQ7XszcT/vF6qwys3YyJJNRVksShMOdIxmj2PAiYp0XxiCCaSmVsRGWKJiTYRlUwIzvLLq6R9UXPqtev7eqVRzeMowgmcQhUcuIQG3EETWkCAwzO8wpv1aL1Y79bHorVg5TPH8AfW5w8Kj49C</latexit>

d

<latexit sha1_base64="9wVXLtflsmbbIzYcufFkmT6z+x4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ylsbG5t7xR3S3v7B4dH5eOTtk4yxbDFEpGobkA1Ci6xZbgR2E0V0jgQ2AnGd3O/84RK80Q+mEmKfkyHkkecUWOlZjgoV9yauwBZJ15OKpCjMSh/9cOEZTFKwwTVuue5qfGnVBnOBM5K/UxjStmYDrFnqaQxan+6OHRGLqwSkihRtqQhC/X3xJTGWk/iwHbG1Iz0qjcX//N6mYlu/CmXaWZQsuWiKBPEJGT+NQm5QmbExBLKFLe3EjaiijJjsynZELzVl9dJ+7LmXdVum1eVejWPowhncA5V8OAa6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8fw/eM2g==</latexit>

At one-loop:

Babu, Mohapatra; PRD 41 (1990)

N. Craig, IGG, G. Koszegi, A. McCune, arXiv:2012.13416



Radiatively induced EDMs

de ⇠ 10�29

✓
90 TeV

M

◆2

e · cm

<latexit sha1_base64="4alOt0J3ZbvBS0wer6KPhWwXV30="></latexit>

If  the soft breaking of  parity is         :O(1)

<latexit sha1_base64="EqYHeGuKBmckUTMV4rYscCd3JDk=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuimJFFRwUXDjzgr2AW0ok+mkHTqZhJmJUEO/xI0LRdz6Ke78GydtFtp6YOBwzr3cM8ePOVPacb6twtr6xuZWcbu0s7u3X7YPDtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Sc3md95pFKxSDzoaUy9EI8ECxjB2kgDu9wPsR4TzNO7Gaq6ZwO74tScOdAqcXNSgRzNgf3VH0YkCanQhGOleq4Tay/FUjPC6azUTxSNMZngEe0ZKnBIlZfOg8/QqVGGKIikeUKjufp7I8WhUtPQN5NZTLXsZeJ/Xi/RwaWXMhEnmgqyOBQkHOkIZS2gIZOUaD41BBPJTFZExlhiok1XJVOCu/zlVdI+r7n12tV9vdK4zusowjGcQBVcuIAG3EITWkAggWd4hTfryXqx3q2PxWjByneO4A+szx+bwpJm</latexit>

du, dd ⇠ 10�28

✓
40 TeV

M

◆2

e · cm

<latexit sha1_base64="czTy+lAKfRlVdPPMTZYsyWs/3ko="></latexit>

twice�the�parity-
breaking�scale

O(10��)�below�current�but�within�reach�of�near-future�improvements2

cf. with current bound on eEDM: |de| < 1.1 · 10�29 e · cm

<latexit sha1_base64="f0wvvQsDYT8xd5Ud8tc4v/2mKYE=">AAACFnicbVA9SwNBEN3zM8avqKXNYhBsEu5CQAMpAjaWEcwH5GLY25skS3bvjt09IVzyK2z8KzYWitiKnf/GTXKFJj4YeLw3w8w8L+JMadv+ttbWNza3tjM72d29/YPD3NFxU4WxpNCgIQ9l2yMKOAugoZnm0I4kEOFxaHmj65nfegCpWBjc6XEEXUEGAeszSrSRernCxO/BBFexU3SwS/1QY8e+TwqlyhS7GFIpcaXAVEx7ubxdtOfAq8RJSR6lqPdyX64f0lhAoCknSnUcO9LdhEjNKIdp1o0VRISOyAA6hgZEgOom87em+NwoPu6H0lSg8Vz9PZEQodRYeKZTED1Uy95M/M/rxLp/1U1YEMUaArpY1I851iGeZYR9JoFqPjaEUMnMrZgOiSRUmySzJgRn+eVV0iwVnXKxclvO16ppHBl0is7QBXLQJaqhG1RHDUTRI3pGr+jNerJerHfrY9G6ZqUzJ+gPrM8fsdGcng==</latexit>

potentially�observable�neutron�and�electron�EDMs



Spontaneous breaking of parity

e.g.

V � �m2
�

2
(�2 + �02) +

�1

4
(�2 + �02)2 +

�2

4
�2�02

<latexit sha1_base64="uvrLVLmM9q6dPRIdFfwcIQxNvFk="></latexit>

�2 < 0

<latexit sha1_base64="CmVB8rPGfucNwEzKOpYcdkPYYl0=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7JbCir0UPDisYJthXYp2Wy2DU2ya5ItlKW/w4sHRbz6Y7z5b0zbPWjrQGCYmcd7mSDhTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKPjVBHaJjGP1WOANeVM0rZhhtPHRFEsAk67wfh27ncnVGkWywczTagv8FCyiBFsrOT3uY2GeFBDDeQOyhW36i6A1omXkwrkaA3KX/0wJqmg0hCOte55bmL8DCvDCKezUj/VNMFkjIe0Z6nEgmo/Wxw9QxdWCVEUK/ukQQv190SGhdZTEdikwGakV725+J/XS0107WdMJqmhkiwXRSlHJkbzBlDIFCWGTy3BRDF7KyIjrDAxtqeSLcFb/fI66dSqXr16c1+vNBt5HUU4g3O4BA+uoAl30II2EHiCZ3iFN2fivDjvzscyWnDymVP4A+fzBxE/kPw=</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

if
h�i = 0

<latexit sha1_base64="1p0pUz7fGpRD8XvXfFzPnXbRBkY=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokUVFAouHFZwT6gCeVmOkmHTiZhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4c869zL0nSDlT2nG+raXlldW19dJGeXNre2fX3ttvqSSThDZJwhPZCUBRzgRtaqY57aSSQhxw2g6GNxO//UClYom416OU+jFEgoWMgDZSzz70OIiIU+wpFsWAPTl7XmOnZ1ecqjMFXiRuQSqoQKNnf3n9hGQxFZpwUKrrOqn2c5CaEU7HZS9TNAUyhIh2DRUQU+Xn0xvG+MQofRwm0pTQeKr+nsghVmoUB6YzBj1Q895E/M/rZjq88HMm0kxTQWYfhRnHOsGTQHCfSUo0HxkCRDKzKyYDkEC0ia1sQnDnT14krbOqW6te3tUq9asijhI6QsfoFLnoHNXRLWqgJiLoET2jV/RmPVkv1rv1MWtdsoqZA/QH1ucPY0KWsw==</latexit>

h�0i 6= 0

<latexit sha1_base64="hrpV6DMFpUdDriDuHIwkByhZy0w=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovoqiRSUMFFwY3LCvYBTSiT6U06dDKJMxOhlO7c+CtuXCji1l9w5984bbPQ1gMXzpxzL3PvCVLOlHacb6uwtLyyulZcL21sbm3v2Lt7TZVkkkKDJjyR7YAo4ExAQzPNoZ1KIHHAoRUMrid+6wGkYom408MU/JhEgoWMEm2krn3ocSIiDthTLIrJCfZk/hZwj52uXXYqzhR4kbg5KaMc9a795fUSmsUgNOVEqY7rpNofEakZ5TAueZmClNABiaBjqCAxKH80vWOMj43Sw2EiTQmNp+rviRGJlRrGgemMie6reW8i/ud1Mh1e+CMm0kyDoLOPwoxjneBJKLjHJFDNh4YQKpnZFdM+kYRqE13JhODOn7xImmcVt1q5vK2Wa1d5HEV0gI7QKXLROaqhG1RHDUTRI3pGr+jNerJerHfrY9ZasPKZffQH1ucPc4qYZQ==</latexit>

and

(and�v.v.)

+��

�
�
2|H|2 + �

02|H 0|2
�
+ �

0
�(�

02|H|2 + �
2|H 0|2)

<latexit sha1_base64="2MpYETDc1anlx+IX90xeEzzBcbw="></latexit>

) v2 6= v02 if �� 6= ��0

<latexit sha1_base64="EKTQt65DEh+oj3AccRAymfT3ZNA="></latexit>

possible�(at�least�in�principle)�to�break�P�without�breaking�CP

More realistically, we might expect parity-breaking to be spontaneous 

In principle, it can happen with or without breaking CP



W 0, Z 0

<latexit sha1_base64="NhZYyzTYNgb59RHRInqSvfi0fnY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZpD1J2paDeCl48VrAf2C4lm2bb2GyyJFmhLP0PXjwo4tX/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NIyUYQ2ieRSdQKsKWeCNg0znHZiRXEUcNoOxjczv/1ElWZS3JtJTP0IDwULGcHGSq12+Rw9lPvFklt150CrxMtICTI0+sWv3kCSJKLCEI617npubPwUK8MIp9NCL9E0xmSMh7RrqcAR1X46v3aKzqwyQKFUtoRBc/X3RIojrSdRYDsjbEZ62ZuJ/3ndxIRXfspEnBgqyGJRmHBkJJq9jgZMUWL4xBJMFLO3IjLCChNjAyrYELzll1dJ66Lq1arXd7VSvZLFkYcTOIUKeHAJdbiFBjSBwCM8wyu8OdJ5cd6dj0VrzslmjuEPnM8f3iaN8w==</latexit>

t0

<latexit sha1_base64="H7bGefDSTxos+Pk6LIf9/kl0cBc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1iJOE+xEdKhEKRtFKD3jRL5XdqjsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtC6rXq16c18r1yt5HAU4hTOogAdXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5Azy6jRs=</latexit>

h0

<latexit sha1_base64="a1flJVEkQtdfoLRnz46aOZ6dEj0=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSL2VBIpqLeCF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJaPZpKgH9Gh5CFn1FjpYXTRL5XdqjsHWSVeTsqQo9EvffUGMUsjlIYJqnXXcxPjZ1QZzgROi71UY0LZmA6xa6mkEWo/m186JedWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZvU0GXCEzYmIJZYrbWwkbUUWZseEUbQje8surpHVZ9WrVm/tauV7J4yjAKZxBBTy4gjrcQQOawCCEZ3iFN2fsvDjvzseidc3JZ07gD5zPHyp+jQ8=</latexit>

U,D,C, S,B

<latexit sha1_base64="OQ9+gnfFUXQNXrFvDd2+GpTLUAE=">AAAB9HicbVBNT8JAEJ36ifiFevSykZhwaEhrSNQbEQ8eMVoggYZsly1s2G7r7paEEH6HFw8a49Uf481/4wI9KPiSSV7em8nMvCDhTGnH+bbW1jc2t7ZzO/ndvf2Dw8LRcUPFqSTUIzGPZSvAinImqKeZ5rSVSIqjgNNmMKzN/OaISsVi8ajHCfUj3BcsZARrI/mejW5tVLPRg41uuoWiU3bmQKvEzUgRMtS7ha9OLyZpRIUmHCvVdp1E+xMsNSOcTvOdVNEEkyHu07ahAkdU+ZP50VN0bpQeCmNpSmg0V39PTHCk1DgKTGeE9UAtezPxP6+d6vDKnzCRpJoKslgUphzpGM0SQD0mKdF8bAgmkplbERlgiYk2OeVNCO7yy6ukcVF2K+Xr+0qxWsriyMEpnEEJXLiEKtxBHTwg8ATP8Apv1sh6sd6tj0XrmpXNnMAfWJ8/9A2Pjw==</latexit>

⇤

<latexit sha1_base64="sjuz+/aTmqNpn7KJQ/Jk2BqdlYc=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0FIFXYloHYBGwuLCOYByRJmZyfJkNnZZeauEJZ8hI2FIrZ+j51/4yTZQhMPDBzOOZe59wSJFAZd99spbGxube8Ud0t7+weHR+Xjk7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI79ztPXBsRq0ecJtyP6EiJoWAUrdTp39toSAfliltzFyDrxMtJBXI0B+WvfhizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8W687IhVVCMoy1fQrJQv09kdHImGkU2GREcWxWvbn4n9dLcXjtZ0IlKXLFlh8NU0kwJvPbSSg0ZyinllCmhd2VsDHVlKFtqGRL8FZPXifty5pXr9081CuNal5HEc7gHKrgwRU04A6a0AIGE3iGV3hzEufFeXc+ltGCk8+cwh84nz8Hs49P</latexit>

M � v0

<latexit sha1_base64="cAIF048JWu4zYja0qTNda0VKxjg=">AAAB73icbVBNSwMxEJ34WetX1aOXYBF7KrtSUG8FL16ECvYD2qVk0+w2NJtdk2yhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnp8Iro3jfKO19Y3Nre3CTnF3b//gsHR03NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qd+e0xU5rH8tFMEuZFJJQ84JQYK3XucS8M8fiiXyo7VWcOvErcnJQhR6Nf+uoNYppGTBoqiNZd10mMlxFlOBVsWuylmiWEjkjIupZKEjHtZfN7p/jcKgMcxMqWNHiu/p7ISKT1JPJtZ0TMUC97M/E/r5ua4NrLuExSwyRdLApSgU2MZ8/jAVeMGjGxhFDF7a2YDoki1NiIijYEd/nlVdK6rLq16s1DrVyv5HEU4BTOoAIuXEEd7qABTaAg4Ble4Q09oRf0jj4WrWsonzmBP0CfP76HjxA=</latexit>

v0

<latexit sha1_base64="VtlpefNFqk8HuqUNZPj8fmojYOQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoOYU9iVgHoLePEYxTwgCWF20psMmZ1dZmYDYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnTR0limGDRSJSbZ9qFFxiw3AjsB0rpKEvsOWP7+Z+a4JK80g+mWmMvZAOJQ84o8ZKj5PLfrHkVtwFyDrxMlKCDPV+8as7iFgSojRMUK07nhubXkqV4UzgrNBNNMaUjekQO5ZKGqLupYtLZ+TCKgMSRMqWNGSh/p5Iaaj1NPRtZ0jNSK96c/E/r5OY4KaXchknBiVbLgoSQUxE5m+TAVfIjJhaQpni9lbCRlRRZmw4BRuCt/ryOmleVbxq5fahWqqVszjycAbnUAYPrqEG91CHBjAI4Ble4c0ZOy/Ou/OxbM052cwp/IHz+QM/xI0d</latexit>

v

<latexit sha1_base64="tWiGXJozviEA+L5MYbuoh3AZTho=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLePGYgHlAsoTZSScZMzu7zMwGwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3tb2zu5ffLxwcHh2fFE/PWjpKFMMmi0SkOgHVKLjEpuFGYCdWSMNAYDuY3C/89hSV5pF8NLMY/ZCOJB9yRo2VGtN+seRW3CXIJvEyUoIM9X7xqzeIWBKiNExQrbueGxs/pcpwJnBe6CUaY8omdIRdSyUNUfvp8tA5ubLKgAwjZUsaslR/T6Q01HoWBrYzpGas172F+J/XTczw1k+5jBODkq0WDRNBTEQWX5MBV8iMmFlCmeL2VsLGVFFmbDYFG4K3/vImaV1XvGrlrlEt1cpZHHm4gEsogwc3UIMHqEMTGCA8wyu8OU/Oi/PufKxac042cw5/4Hz+AN8/jOw=</latexit>

��

h, h0

<latexit sha1_base64="XnTt7vIQWIsDU94VwtOz9GFuNlE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL2ICWRgnorePFYwbSFNpTNdtMs3d2E3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6acaeO6387a+sbm1nZpp7y7t39wWDk6buskU4T6JOGJ6oZYU84k9Q0znHZTRbEIOe2E47uZ33miSrNEPppJSgOBR5JFjGBjJT++RPHFoFJ16+4caJV4BalCgdag8tUfJiQTVBrCsdY9z01NkGNlGOF0Wu5nmqaYjPGI9iyVWFAd5PNjp+jcKkMUJcqWNGiu/p7IsdB6IkLbKbCJ9bI3E//zepmJboKcyTQzVJLFoijjyCRo9jkaMkWJ4RNLMFHM3opIjBUmxuZTtiF4yy+vkvZV3WvUbx8a1WatiKMEp3AGNfDgGppwDy3wgQCDZ3iFN0c6L86787FoXXOKmRP4A+fzB6x5jeE=</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

f

<latexit sha1_base64="kfeWzpXXMQPCfOzPuL1ekbHC+Gk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjgoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPxv+M3A==</latexit>

f

<latexit sha1_base64="kfeWzpXXMQPCfOzPuL1ekbHC+Gk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjgoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPxv+M3A==</latexit>

F

<latexit sha1_base64="1ls4gIrgmADDq1uJ/F13JuM89As=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLCOIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38799hMqzWP5YCYJ+hEdSh5yRo2VGnf9YsmtuAuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCa3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVZ8aqVm0a1VCtnceThDM6hDB5cQQ3uoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A5Z/jLw=</latexit>

Z,Z 0

<latexit sha1_base64="FwEZPWoImB0SOBHe+aDbtXkiRlc=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBF7kLIrBfVW8OKxgtuWtkvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0gE18ZxvtHa+sbm1nZhp7i7t39wWDo6buo4VZR5NBaxagdEM8El8ww3grUTxUgUCNYKxnczv/XElOaxfDSThPkRGUoeckqMlbzOJe5c9Etlp+rMgVeJm5My5Gj0S1+9QUzTiElDBdG66zqJ8TOiDKeCTYu9VLOE0DEZsq6lkkRM+9n82Ck+t8oAh7GyJQ2eq78nMhJpPYkC2xkRM9LL3kz8z+umJrzxMy6T1DBJF4vCVGAT49nneMAVo0ZMLCFUcXsrpiOiCDU2n6INwV1+eZU0r6purXr7UCvXK3kcBTiFM6iAC9dQh3togAcUODzDK7whiV7QO/pYtK6hfOYE/gB9/gCBw43F</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

f

<latexit sha1_base64="kfeWzpXXMQPCfOzPuL1ekbHC+Gk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjgoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPxv+M3A==</latexit>

f

<latexit sha1_base64="kfeWzpXXMQPCfOzPuL1ekbHC+Gk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZjgoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPxv+M3A==</latexit>

F

<latexit sha1_base64="1ls4gIrgmADDq1uJ/F13JuM89As=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOQU9iVgHoLCOIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38799hMqzWP5YCYJ+hEdSh5yRo2VGnf9YsmtuAuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCa3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpHVZ8aqVm0a1VCtnceThDM6hDB5cQQ3uoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A5Z/jLw=</latexit>

fi

<latexit sha1_base64="3cULxToVSZgOt7LG+RA4ks3pWwg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789hPXRsTqEScJ9yM6VCIUjKKVHsK+6JcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9Wvb6vVeo3eRxFOIFTOAcPLqEOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AFJBI3S</latexit>

h, h0

<latexit sha1_base64="XnTt7vIQWIsDU94VwtOz9GFuNlE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL2ICWRgnorePFYwbSFNpTNdtMs3d2E3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6acaeO6387a+sbm1nZpp7y7t39wWDk6buskU4T6JOGJ6oZYU84k9Q0znHZTRbEIOe2E47uZ33miSrNEPppJSgOBR5JFjGBjJT++RPHFoFJ16+4caJV4BalCgdag8tUfJiQTVBrCsdY9z01NkGNlGOF0Wu5nmqaYjPGI9iyVWFAd5PNjp+jcKkMUJcqWNGiu/p7IsdB6IkLbKbCJ9bI3E//zepmJboKcyTQzVJLFoijjyCRo9jkaMkWJ4RNLMFHM3opIjBUmxuZTtiF4yy+vkvZV3WvUbx8a1WatiKMEp3AGNfDgGppwDy3wgQCDZ3iFN0c6L86787FoXXOKmRP4A+fzB6x5jeE=</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

Z,Z 0

<latexit sha1_base64="FwEZPWoImB0SOBHe+aDbtXkiRlc=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBF7kLIrBfVW8OKxgtuWtkvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0gE18ZxvtHa+sbm1nZhp7i7t39wWDo6buo4VZR5NBaxagdEM8El8ww3grUTxUgUCNYKxnczv/XElOaxfDSThPkRGUoeckqMlbzOJe5c9Etlp+rMgVeJm5My5Gj0S1+9QUzTiElDBdG66zqJ8TOiDKeCTYu9VLOE0DEZsq6lkkRM+9n82Ck+t8oAh7GyJQ2eq78nMhJpPYkC2xkRM9LL3kz8z+umJrzxMy6T1DBJF4vCVGAT49nneMAVo0ZMLCFUcXsrpiOiCDU2n6INwV1+eZU0r6purXr7UCvXK3kcBTiFM6iAC9dQh3togAcUODzDK7whiV7QO/pYtK6hfOYE/gB9/gCBw43F</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

fi

<latexit sha1_base64="3TMLZtzKOnbAqtfaVb/Y5ZSjt9w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh3DAB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBBMo24</latexit>

Fj , fj

<latexit sha1_base64="piB9CjQAQDMB8TAPhcC9gVxCkE0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahBymJFNRbQRCPFewHtCFstpt2280m7m6EEvonvHhQxKt/x5v/xm2ag7Y+GHi8N8PMPD/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Iz9ztPVCoWiQc9jakb4qFgASNYG6l7643PUeCNvXLFrtkZ0CpxclKBHE2v/NUfRCQJqdCEY6V6jh1rN8VSM8LprNRPFI0xmeAh7RkqcEiVm2b3ztCZUQYoiKQpoVGm/p5IcajUNPRNZ4j1SC17c/E/r5fo4MpNmYgTTQVZLAoSjnSE5s+jAZOUaD41BBPJzK2IjLDERJuISiYEZ/nlVdK+qDn12vV9vdKo5nEU4QROoQoOXEID7qAJLSDA4Rle4c16tF6sd+tj0Vqw8plj+APr8wcQsY9G</latexit>

fi

<latexit sha1_base64="3TMLZtzKOnbAqtfaVb/Y5ZSjt9w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh3DAB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBBMo24</latexit>

fi

<latexit sha1_base64="3TMLZtzKOnbAqtfaVb/Y5ZSjt9w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh3DAB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBBMo24</latexit>

Fj , fj

<latexit sha1_base64="piB9CjQAQDMB8TAPhcC9gVxCkE0=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahBymJFNRbQRCPFewHtCFstpt2280m7m6EEvonvHhQxKt/x5v/xm2ag7Y+GHi8N8PMPD/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf3Iz9ztPVCoWiQc9jakb4qFgASNYG6l7643PUeCNvXLFrtkZ0CpxclKBHE2v/NUfRCQJqdCEY6V6jh1rN8VSM8LprNRPFI0xmeAh7RkqcEiVm2b3ztCZUQYoiKQpoVGm/p5IcajUNPRNZ4j1SC17c/E/r5fo4MpNmYgTTQVZLAoSjnSE5s+jAZOUaD41BBPJzK2IjLDERJuISiYEZ/nlVdK+qDn12vV9vdKo5nEU4QROoQoOXEID7qAJLSDA4Rle4c16tF6sd+tj0Vqw8plj+APr8wcQsY9G</latexit>

fi

<latexit sha1_base64="3TMLZtzKOnbAqtfaVb/Y5ZSjt9w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh3DAB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm87/JkCtkRkwtoUxxeythY6ooMzadkg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gBBMo24</latexit>

h, h0

<latexit sha1_base64="XnTt7vIQWIsDU94VwtOz9GFuNlE=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSL2ICWRgnorePFYwbSFNpTNdtMs3d2E3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6acaeO6387a+sbm1nZpp7y7t39wWDk6buskU4T6JOGJ6oZYU84k9Q0znHZTRbEIOe2E47uZ33miSrNEPppJSgOBR5JFjGBjJT++RPHFoFJ16+4caJV4BalCgdag8tUfJiQTVBrCsdY9z01NkGNlGOF0Wu5nmqaYjPGI9iyVWFAd5PNjp+jcKkMUJcqWNGiu/p7IsdB6IkLbKbCJ9bI3E//zepmJboKcyTQzVJLFoijjyCRo9jkaMkWJ4RNLMFHM3opIjBUmxuZTtiF4yy+vkvZV3WvUbx8a1WatiKMEp3AGNfDgGppwDy3wgQCDZ3iFN0c6L86787FoXXOKmRP4A+fzB6x5jeE=</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

Z,Z 0

<latexit sha1_base64="FwEZPWoImB0SOBHe+aDbtXkiRlc=">AAAB7HicbVBNSwMxEJ34WetX1aOXYBF7kLIrBfVW8OKxgtuWtkvJptk2NJtdkqxQlv4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0gE18ZxvtHa+sbm1nZhp7i7t39wWDo6buo4VZR5NBaxagdEM8El8ww3grUTxUgUCNYKxnczv/XElOaxfDSThPkRGUoeckqMlbzOJe5c9Etlp+rMgVeJm5My5Gj0S1+9QUzTiElDBdG66zqJ8TOiDKeCTYu9VLOE0DEZsq6lkkRM+9n82Ck+t8oAh7GyJQ2eq78nMhJpPYkC2xkRM9LL3kz8z+umJrzxMy6T1DBJF4vCVGAT49nneMAVo0ZMLCFUcXsrpiOiCDU2n6INwV1+eZU0r6purXr7UCvXK3kcBTiFM6iAC9dQh3togAcUODzDK7whiV7QO/pYtK6hfOYE/gB9/gCBw43F</latexit>

�

<latexit sha1_base64="Xzx2lb/podJ1UQhBbO0zDCCZBJg=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoOQU9iVgHoLePEYwTwgWULvZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pG5VqQltEcaW7ERjKmaQtyyyn3URTEBGnnWhyO/c7T1QbpuSDnSY0FDCSLGYErJPa/REIAYNyxa/5C+B1EuSkgnI0B+Wv/lCRVFBpCQdjeoGf2DADbRnhdFbqp4YmQCYwoj1HJQhqwmxx7QxfOGWIY6VdSYsX6u+JDIQxUxG5TgF2bFa9ufif10ttfB1mTCappZIsF8Upx1bh+et4yDQllk8dAaKZuxWTMWgg1gVUciEEqy+vk/ZlLajXbu7rlUY1j6OIztA5qqIAXaEGukNN1EIEPaJn9IrePOW9eO/ex7K14OUzp+gPvM8fgvmPBw==</latexit>

d

<latexit sha1_base64="9wVXLtflsmbbIzYcufFkmT6z+x4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ylsbG5t7xR3S3v7B4dH5eOTtk4yxbDFEpGobkA1Ci6xZbgR2E0V0jgQ2AnGd3O/84RK80Q+mEmKfkyHkkecUWOlZjgoV9yauwBZJ15OKpCjMSh/9cOEZTFKwwTVuue5qfGnVBnOBM5K/UxjStmYDrFnqaQxan+6OHRGLqwSkihRtqQhC/X3xJTGWk/iwHbG1Iz0qjcX//N6mYlu/CmXaWZQsuWiKBPEJGT+NQm5QmbExBLKFLe3EjaiijJjsynZELzVl9dJ+7LmXdVum1eVejWPowhncA5V8OAa6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8fw/eM2g==</latexit>

Dj , dj

<latexit sha1_base64="swTvbMsZHly8Uknb9mx4+/fUCeY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahBymJFNRbQQ8eK9gPaEPYbDbttptN3N0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeX7CmdK2/W0V1tY3NreK26Wd3b39g/LhUVvFqSS0RWIey66PFeVM0JZmmtNuIimOfE47/vhm5neeqFQsFg96klA3wgPBQkawNlL31hudo8AbeeWKXbPnQKvEyUkFcjS98lc/iEkaUaEJx0r1HDvRboalZoTTaamfKppgMsYD2jNU4IgqN5vfO0VnRglQGEtTQqO5+nsiw5FSk8g3nRHWQ7XszcT/vF6qwys3YyJJNRVksShMOdIxmj2PAiYp0XxiCCaSmVsRGWKJiTYRlUwIzvLLq6R9UXPqtev7eqVRzeMowgmcQhUcuIQG3EETWkCAwzO8wpv1aL1Y79bHorVg5TPH8AfW5w8Kj49C</latexit>

d

<latexit sha1_base64="9wVXLtflsmbbIzYcufFkmT6z+x4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ylsbG5t7xR3S3v7B4dH5eOTtk4yxbDFEpGobkA1Ci6xZbgR2E0V0jgQ2AnGd3O/84RK80Q+mEmKfkyHkkecUWOlZjgoV9yauwBZJ15OKpCjMSh/9cOEZTFKwwTVuue5qfGnVBnOBM5K/UxjStmYDrFnqaQxan+6OHRGLqwSkihRtqQhC/X3xJTGWk/iwHbG1Iz0qjcX//N6mYlu/CmXaWZQsuWiKBPEJGT+NQm5QmbExBLKFLe3EjaiijJjsynZELzVl9dJ+7LmXdVum1eVejWPowhncA5V8OAa6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8fw/eM2g==</latexit>

d

<latexit sha1_base64="9wVXLtflsmbbIzYcufFkmT6z+x4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ylsbG5t7xR3S3v7B4dH5eOTtk4yxbDFEpGobkA1Ci6xZbgR2E0V0jgQ2AnGd3O/84RK80Q+mEmKfkyHkkecUWOlZjgoV9yauwBZJ15OKpCjMSh/9cOEZTFKwwTVuue5qfGnVBnOBM5K/UxjStmYDrFnqaQxan+6OHRGLqwSkihRtqQhC/X3xJTGWk/iwHbG1Iz0qjcX//N6mYlu/CmXaWZQsuWiKBPEJGT+NQm5QmbExBLKFLe3EjaiijJjsynZELzVl9dJ+7LmXdVum1eVejWPowhncA5V8OAa6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8fw/eM2g==</latexit>

Dj , dj

<latexit sha1_base64="swTvbMsZHly8Uknb9mx4+/fUCeY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahBymJFNRbQQ8eK9gPaEPYbDbttptN3N0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeX7CmdK2/W0V1tY3NreK26Wd3b39g/LhUVvFqSS0RWIey66PFeVM0JZmmtNuIimOfE47/vhm5neeqFQsFg96klA3wgPBQkawNlL31hudo8AbeeWKXbPnQKvEyUkFcjS98lc/iEkaUaEJx0r1HDvRboalZoTTaamfKppgMsYD2jNU4IgqN5vfO0VnRglQGEtTQqO5+nsiw5FSk8g3nRHWQ7XszcT/vF6qwys3YyJJNRVksShMOdIxmj2PAiYp0XxiCCaSmVsRGWKJiTYRlUwIzvLLq6R9UXPqtev7eqVRzeMowgmcQhUcuIQG3EETWkCAwzO8wpv1aL1Y79bHorVg5TPH8AfW5w8Kj49C</latexit>

d

<latexit sha1_base64="9wVXLtflsmbbIzYcufFkmT6z+x4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWzmbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzglRwbVz32ylsbG5t7xR3S3v7B4dH5eOTtk4yxbDFEpGobkA1Ci6xZbgR2E0V0jgQ2AnGd3O/84RK80Q+mEmKfkyHkkecUWOlZjgoV9yauwBZJ15OKpCjMSh/9cOEZTFKwwTVuue5qfGnVBnOBM5K/UxjStmYDrFnqaQxan+6OHRGLqwSkihRtqQhC/X3xJTGWk/iwHbG1Iz0qjcX//N6mYlu/CmXaWZQsuWiKBPEJGT+NQm5QmbExBLKFLe3EjaiijJjsynZELzVl9dJ+7LmXdVum1eVejWPowhncA5V8OAa6nAPDWgBA4RneIU359F5cd6dj2VrwclnTuEPnM8fw/eM2g==</latexit>

h, h0

<latexit sha1_base64="rgI7/7tFr+kyPxH+2sLTEdMmeDc=">AAAB7HicbVBNS8NAEJ31s9avqkcvi0X0ICWRggoeCl48VjBtoQ1ls900SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz84JUcG0c5xutrK6tb2yWtsrbO7t7+5WDw5ZOMkWZRxORqE5ANBNcMs9wI1gnVYzEgWDtYHQ39dtPTGmeyEczTpkfk6HkIafEWMmLLnB01q9UnZozA14mbkGqUKDZr3z1BgnNYiYNFUTrruukxs+JMpwKNin3Ms1SQkdkyLqWShIz7eezYyf41CoDHCbKljR4pv6eyEms9TgObGdMTKQXvan4n9fNTHjt51ymmWGSzheFmcAmwdPP8YArRo0YW0Ko4vZWTCOiCDU2n7INwV18eZm0LmtuvXbzUK82bos4SnAMJ3AOLlxBA+6hCR5Q4PAMr/CGJHpB7+hj3rqCipkj+AP0+QOyfY31</latexit>

�

<latexit sha1_base64="yRtLWRboT5kyMCxLC0Ddv6Uelz0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUAUPBS8eK9gPaEPZbDfN0t1N2N0IJfQvePGgiFf/kDf/jZs2B219MPB4b4aZeUHCmTau++2UNja3tnfKu5W9/YPDo+rxSVfHqSK0Q2Ieq36ANeVM0o5hhtN+oigWAae9YHqX+70nqjSL5aOZJdQXeCJZyAg2uTRMIjaq1ty6uwBaJ15BalCgPap+DccxSQWVhnCs9cBzE+NnWBlGOJ1XhqmmCSZTPKEDSyUWVPvZ4tY5urDKGIWxsiUNWqi/JzIstJ6JwHYKbCK96uXif94gNeG1nzGZpIZKslwUphyZGOWPozFTlBg+swQTxeytiERYYWJsPBUbgrf68jrpXtW9Rv3moVFr3RZxlOEMzuESPGhCC+6hDR0gEMEzvMKbI5wX5935WLaWnGLmFP7A+fwBFZqORQ==</latexit>

Spontaneous breaking of parity

However…

L � i(ȳ�)ij�DiD
0
j + h.c.

<latexit sha1_base64="ECs494jH7i7UMV1Uk5beapbplqM="></latexit>

ȳ†� = ȳ�

<latexit sha1_base64="RtZa/jLQAffnit3tpVKdmfWXLV0=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwVRIpqKBQcOOygn1AE8NkMkmHTiZhZiKE0LUbf8WNC0Xc+gXu/BunaRfaeuDCmXPuZe49fsqoVJb1bVSWlldW16rrtY3Nre0dc3evK5NMYNLBCUtE30eSMMpJR1HFSD8VBMU+Iz1/dD3xew9ESJrwO5WnxI1RxGlIMVJa8sxDx0cC5vdOgKKICM9JhxRewalavjyzbjWsEnCR2DNSBzO0PfPLCRKcxYQrzJCUA9tKlVsgoShmZFxzMklShEcoIgNNOYqJdIvylDE81koAw0To4gqW6u+JAsVS5rGvO2OkhnLem4j/eYNMheduQXmaKcLx9KMwY1AlcJILDKggWLFcE4QF1btCPEQCYaXTq+kQ7PmTF0n3tGE3Gxe3zXrrchZHFRyAI3ACbHAGWuAGtEEHYPAInsEreDOejBfj3fiYtlaM2cw++APj8wchGpno</latexit>

with

V � ��

�
�2 � v02

�2

<latexit sha1_base64="+QcH3as/eqktbXjU8tYvMldHCPo=">AAACHnicbVDLSgMxFM34tr5GXboJFlEXlplSUcGF4Malgn1Apy2Z9E4bmnmQ3CmUwS9x46+4caGI4Er/xkzbha8DISfn3sPNPX4ihUbH+bRmZufmFxaXlgsrq2vrG/bmVk3HqeJQ5bGMVcNnGqSIoIoCJTQSBSz0JdT9wWVerw9BaRFHtzhKoBWyXiQCwRkaqWMf16in00QDUk8aW5d1vKQvzAMCPKA5b5fpER3um8tTotfHw3a5YxedkjMG/UvcKSmSKa479rvXjXkaQoRcMq2brpNgK2MKBZdwV/BSDQnjA9aDpqERC0G3svF6d3TPKF0axMqcCOlY/e7IWKj1KPRNZ8iwr3/XcvG/WjPF4LSViShJESI+GRSkkmJM86xoVyjgKEeGMK6E+SvlfaYYR5NowYTg/l75L6mVS26ldHZTKV6cT+NYIjtklxwQl5yQC3JFrkmVcHJPHskzebEerCfr1XqbtM5YU882+QHr4wsqgKCb</latexit>

h�i = ±v0

<latexit sha1_base64="APsZNAZoN2oUSaU7ZtPMhB4H4qk=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK6KokUVFAouHFZwT6gCWUynbRDJ5MwMymU0JUbf8WNC0Xc+g3u/BunbRbaemDg3HPu5c49QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WpJLROYh7LVoAV5UzQumaa01YiKY4CTpvB4HbiN4dUKhaLBz1KqB/hnmAhI1gbqWMfeRyLHqfIS/oMeXJW3JgyQsPTjl1yys4UaJG4OSlBjlrH/vK6MUkjKjThWKm26yTaz7DUjHA6LnqpogkmA9yjbUMFjqjys+kZY3RilC4KY2me0Giq/p7IcKTUKApMZ4R1X817E/E/r53q8NLPmEhSTQWZLQpTjnSMJpmgLpOUaD4yBBPJzF8R6WOJiTbJFU0I7vzJi6RxXnYr5av7Sql6ncdRgEM4hjNw4QKqcAc1qAOBR3iGV3iznqwX6936mLUuWfnMAfyB9fkDYgyXxw==</latexit>

+ µ��
�
|H|2 � |H 0|2

�

<latexit sha1_base64="W23+BHpxnZC7IS9Tnf0BJGiwEbQ=">AAACGHicbVDLTgIxFO3gC/GFunTTSIwYI84QEjVxQeKGJSbySJiRdEoHGjqPtHdMCPAZbvwVNy40xi07/8YCs1DwJO09OefetPe4keAKTPPbSK2srq1vpDczW9s7u3vZ/YO6CmNJWY2GIpRNlygmeMBqwEGwZiQZ8V3BGm7/buo3nphUPAweYBAxxyfdgHucEtBSO3t5jm1s+3Hbjnoczy/BPMjjUWX0WMQXup5OiS15twdn7WzOLJgz4GViJSSHElTb2YndCWnsswCoIEq1LDMCZ0gkcCrYOGPHikWE9kmXtTQNiM+UM5wtNsYnWulgL5T6BIBn6u+JIfGVGviu7vQJ9NSiNxX/81oxeNfOkAdRDCyg84e8WGAI8TQl3OGSURADTQiVXP8V0x6RhILOMqNDsBZXXib1YsEqFW7uS7nybRJHGh2hY5RHFrpCZVRBVVRDFD2jV/SOPowX4834NL7mrSkjmTlEf2BMfgCnX52r</latexit>

v2 ⌧ v02

<latexit sha1_base64="X+FLk97+NeCWDr96cRlCvGoQHy8=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbRU0lKQXsrePFYwX5Ak5bNdtMu3WzC7qZQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFyScKe0431Zha3tnd6+4Xzo4PDo+sU/P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJvcLvzOlUrFYPOlZQv0IjwQLGcHaSN60X0Ue52h63a8O7LJTcZZAm8TNSRlyNAf2lzeMSRpRoQnHSvVcJ9F+hqVmhNN5yUsVTTCZ4BHtGSpwRJWfLW+eoyujDFEYS1NCo6X6eyLDkVKzKDCdEdZjte4txP+8XqrDOz9jIkk1FWS1KEw50jFaBICGTFKi+cwQTCQztyIyxhITbWIqmRDc9Zc3SbtacWuV+mOt3KjncRThAi7hBly4hQY8QBNaQCCBZ3iFNyu1Xqx362PVWrDymXP4A+vzB2Z5kJw=</latexit>

✓q ⇠ |ȳ�|v0

16⇡2M

<latexit sha1_base64="AxVOBXAunAqLWX/j9+I6JRYG+Bo="></latexit>

ȳ� . 10�8M

v0
. 10�6

<latexit sha1_base64="sQdTq4FsaUUU6X4qb9z8FflPjZo=">AAACI3icbVDLSsNAFJ34rPUVdelmsIhuLIkUreKi4MaNUME+oIllMp20Q2eSMDMphJB/ceOvuHGhFDcu/BenbRbaeuDC4Zx7ufceL2JUKsv6MpaWV1bX1gsbxc2t7Z1dc2+/KcNYYNLAIQtF20OSMBqQhqKKkXYkCOIeIy1veDvxWyMiJA2DR5VExOWoH1CfYqS01DWvHQ8JmHSdaEChw4iUknJoW0/pWTWDji8QTu+zdHSSzbkXWdcsWWVrCrhI7JyUQI561xw7vRDHnAQKMyRlx7Yi5aZIKIoZyYpOLEmE8BD1SUfTAHEi3XT6YwaPtdKDfih0BQpO1d8TKeJSJtzTnRypgZz3JuJ/XidWftVNaRDFigR4tsiPGVQhnAQGe1QQrFiiCcKC6lshHiCdi9KxFnUI9vzLi6R5XrYr5auHSql2k8dRAIfgCJwCG1yCGrgDddAAGDyDV/AOPowX480YG5+z1iUjnzkAf2B8/wBgfKN7</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

interactions�between�quarks�and�symmetry�breaking�sector�must�be�small

(not�the�most�attractive�feature�of�these�models,�but�technically�natural)

Albaid, Dine, Draper, 1510.03392 

More generally, P and CP might be broken simultaneously, e.g. 



Gravity breaks P
Gravity can break P without spoiling the solution to strong CP

�mu ' vv0(↵u)11
2MPl

<latexit sha1_base64="zsQhTb07PByWZrjuYfdSI0jake0="></latexit>

�md ' vv0(↵d)11
2MPl

<latexit sha1_base64="RR25B61tgImEe2LViw6Z16ljDi4="></latexit>

and

Breaks parity provided ↵u,d 6= ↵†
u,d

<latexit sha1_base64="tneIbEA5FHSuTtf4T63ggxgzMIg=">AAACD3icbVA9SwNBEN3zM8avqKXNYlAsJNxJQAWLgI2lglEhF8Pc3uSyuLd37u4J4cg/sPGv2FgoYmtr579xE6/QxAcDj/dmmJkXpIJr47pfztT0zOzcfGmhvLi0vLJaWVu/1EmmGDZZIhJ1HYBGwSU2DTcCr1OFEAcCr4Lbk6F/dY9K80RemH6K7RgiybucgbFSp7Ljg0h70MmzvXBAfYl39Ldy44cQRag6lapbc0egk8QrSJUUOOtUPv0wYVmM0jABWrc8NzXtHJThTOCg7GcaU2C3EGHLUgkx6nY++mdAt60S0m6ibElDR+rviRxirftxYDtjMD097g3F/7xWZrqH7ZzLNDMo2c+ibiaoSegwHBpyhcyIviXAFLe3UtYDBczYCMs2BG/85UlyuV/z6rWj83q1cVzEUSKbZIvsEo8ckAY5JWekSRh5IE/khbw6j86z8+a8/7ROOcXMBvkD5+MbDMOcrQ==</latexit>

Leading parity-breaking HDO that contributes to ✓̄

<latexit sha1_base64="ITjz0vi2yffDKbScwik4/+ctzFY=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHCvYDklA22027dLMJuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL8qkMOi6305pbX1jc6u8XdnZ3ds/qB4etU2aa8ZbLJWp7kbUcCkUb6FAybuZ5jSJJO9Eo7uZ33ni2ohUPeI442FCB0rEglG0kh9EVJMAhxxpr1pz6+4cZJV4BalBgWav+hX0U5YnXCGT1BjfczMMJ1SjYJJPK0FueEbZiA64b6miCTfhZH7ylJxZpU/iVNtSSObq74kJTYwZJ5HtTCgOzbI3E//z/Bzj63AiVJYjV2yxKM4lwZTM/id9oTlDObaEMi3srYQNqaYMbUoVG4K3/PIqaV/Uvcv6zcNlrXFbxFGGEziFc/DgChpwD01oAYMUnuEV3hx0Xpx352PRWnKKmWP4A+fzB/0kkRE=</latexit>



Gravity breaks P

P solution to strong CP + gravity violates all global symmetries

neutron EDM could be observed in upcoming experiments)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

cf. lower bound from production at LHC v0 & 18 TeV

<latexit sha1_base64="BJ0vU4qUOXNfTfpsYZN2Eet0G3k=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXZUZKVjBRcGNywp9QWcomTRtQ5OZIckUylDc+CtuXCji1q9w59+YtrPQ1gOBwznncnNPEHOmtON8W7m19Y3Nrfx2YWd3b//APjxqqiiRhDZIxCPZDrCinIW0oZnmtB1LikXAaSsY3c381phKxaKwricx9QUehKzPCNZG6ton4wvkDbQJCORWkIdSTwpUp81p1y46JWcOtErcjBQhQ61rf3m9iCSChppwrFTHdWLtp1hqRjidFrxE0RiTER7QjqEhFlT56fyEKTo3Sg/1I2leqNFc/T2RYqHURAQmKbAeqmVvJv7ndRLdr/gpC+NE05AsFvUTjnSEZn2gHpOUaD4xBBPJzF8RGWKJiTatFUwJ7vLJq6R5VXLLpZuHcrF6m9WRh1M4g0tw4RqqcA81aACBR3iGV3iznqwX6936WERzVjZzDH9gff4A9n+V4Q==</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

v0 . 20 TeV

✓
✓̄

10�10

◆

<latexit sha1_base64="wSFm+qklNZUUKO7ZNqrUoqUFzqU="></latexit>

✓q ' Im(�mu)

mu
+

Im(�md)

md
⇠ 105

|↵|v0

2MPl

<latexit sha1_base64="7zd2MRS5iltT2+dA/uulwlY7aVQ="></latexit>



Gravity breaks P

Previous HDO allowed, but must be parity symmetric:

↵u,d = ↵†
u,d

<latexit sha1_base64="MJYeYoYFF1bGBAFHnhoGWptEJbc=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmakoIJCwY3LCvYBnbHcyWSmoZnMkGSEMvQD3Pgrblwo4tYPcOffmD4WtfVA4OScc0nu8VPOlLbtH2tpeWV1bb2wUdzc2t7ZLe3tN1WSSUIbJOGJbPugKGeCNjTTnLZTSSH2OW35/ZuR33qkUrFE3OtBSr0YIsFCRkAbqVsqu8DTHnTz7DQY4ms8e31wA4giKk3Krthj4EXiTEkZTVHvlr7dICFZTIUmHJTqOHaqvRykZoTTYdHNFE2B9CGiHUMFxFR5+XiZIT42SoDDRJojNB6rsxM5xEoNYt8kY9A9Ne+NxP+8TqbDCy9nIs00FWTyUJhxrBM8agYHTFKi+cAQIJKZv2LSAwlEm/6KpgRnfuVF0jyrONXK5V21XLua1lFAh+gInSAHnaMaukV11EAEPaEX9IberWfr1fqwPifRJWs6c4D+wPr6BVShmyw=</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

✓̄ = 0

<latexit sha1_base64="PN8Q6lHL2+2IxRzCIEcxlTaHE7I=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuBFRQCHjxGME8ILuE2clsMmT2wUyvEEO+xIsHRbz6Kd78GyfJHjSxoKGo6qa7K0il0Og431ZhbX1jc6u4XdrZ3dsv2weHLZ1kivEmS2SiOgHVXIqYN1Gg5J1UcRoFkreD0e3Mbz9ypUUSP+A45X5EB7EIBaNopJ5d9gKqiIdDjpTcEKdnV5yqMwdZJW5OKpCj0bO/vH7CsojHyCTVuus6KfoTqlAwyaclL9M8pWxEB7xraEwjrv3J/PApOTVKn4SJMhUjmau/JyY00nocBaYzojjUy95M/M/rZhhe+hMRpxnymC0WhZkkmJBZCqQvFGcox4ZQpoS5lbAhVZShyapkQnCXX14lrfOqW6te3dcq9es8jiIcwwmcgQsXUIc7aEATGGTwDK/wZj1ZL9a79bFoLVj5zBH8gfX5AyCskhc=</latexit>

There can be no explicit breaking of  parity, only spontaneous

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

L � ⌘s
�g2s

32⇡2MPl
tr
⇣
Gµ⌫G̃

µ⌫
⌘

<latexit sha1_base64="LHwIi1cTsjCspiFzDlV26zjRjME="></latexit>

v0 . 109 GeV

<latexit sha1_base64="p4np5DueWu5xcLVLkRkES5Sa9VM=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK6KokUtOCi4EKXFewDmlgm05t26EwSZiaFErpx46+4caGIW//BnX/j9LHQ1gMXDufcy733BAlnSjvOt7W0vLK6tp7byG9ube/s2nv7dRWnkkKNxjyWzYAo4CyCmmaaQzORQETAoRH0r8d+YwBSsTi618MEfEG6EQsZJdpIbftocIo9DkopJrDrPJSxhzNPCnwD9VHbLjhFZwK8SNwZKaAZqm37y+vENBUQacqJUi3XSbSfEakZ5TDKe6mChNA+6ULL0IgIUH42+WKET4zSwWEsTUUaT9TfExkRSg1FYDoF0T01743F/7xWqsNLP2NRkmqI6HRRmHKsYzyOBHeYBKr50BBCJTO3YtojklBtgsubENz5lxdJ/bzolorlu1KhcjWLI4cO0TE6Qy66QBV0i6qohih6RM/oFb1ZT9aL9W59TFuXrNnMAfoD6/MH5deW6w==</latexit>

L � i�

MPl

�
(⇣u)ijQiHUj + (⇣ 0u)ijQ

0
iH

0
U

0
j

 
+ h.c.

<latexit sha1_base64="9R1wMrY9euOr7WVYAFsfzVRRrZ8="></latexit>

⇣ 0u = ⇣⇤u

<latexit sha1_base64="T3rDL/X18835hOYDHRbxVdj/f9o=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLKC5KIgUVFApuXFawF2hjmEwn7dDJJMxFaEPxVdy4UMSt7+HOt3GaZqHVHwY+/nMO58wfJIxK5ThfVmFhcWl5pbhaWlvf2Nyyt3eaMtYCkwaOWSzaAZKEUU4aiipG2okgKAoYaQXD62m99UCEpDG/U6OEeBHqcxpSjJSxfHuvOyYKHfkaXsEMfX1/4ttlp+Jkgn/BzaEMctV9+7Pbi7GOCFeYISk7rpMoL0VCUczIpNTVkiQID1GfdAxyFBHppdn1E3honB4MY2EeVzBzf06kKJJyFAWmM0JqIOdrU/O/Wker8NxLKU+0IhzPFoWaQRXDaRSwRwXBio0MICyouRXiARIIKxNYyYTgzn/5LzRPK261cnFbLdcu8ziKYB8cgGPggjNQAzegDhoAgzF4Ai/g1Xq0nq03633WWrDymV3wS9bHNza/lG0=</latexit>

with

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

v0 . 107 GeV

<latexit sha1_base64="gguLoELhXmkkaMa9oEj6bZudX/E=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK6KokUquCi4EKXFewDmlgm05t26EwSZiaFErpx46+4caGIW//BnX/j9LHQ1gMXDufcy733BAlnSjvOt7W0vLK6tp7byG9ube/s2nv7dRWnkkKNxjyWzYAo4CyCmmaaQzORQETAoRH0r8d+YwBSsTi618MEfEG6EQsZJdpIbftocIo9DkopJrDrPJSxhzNPCnwD9VHbLjhFZwK8SNwZKaAZqm37y+vENBUQacqJUi3XSbSfEakZ5TDKe6mChNA+6ULL0IgIUH42+WKET4zSwWEsTUUaT9TfExkRSg1FYDoF0T01743F/7xWqsMLP2NRkmqI6HRRmHKsYzyOBHeYBKr50BBCJTO3YtojklBtgsubENz5lxdJ/bzoloqXd6VC5WoWRw4domN0hlxURhV0i6qohih6RM/oFb1ZT9aL9W59TFuXrNnMAfoD6/MH4reW6Q==</latexit>

What if  parity was a gauge symmetry?



Domain walls

V � ��

�
�2 � v02

�2

<latexit sha1_base64="+QcH3as/eqktbXjU8tYvMldHCPo=">AAACHnicbVDLSgMxFM34tr5GXboJFlEXlplSUcGF4Malgn1Apy2Z9E4bmnmQ3CmUwS9x46+4caGI4Er/xkzbha8DISfn3sPNPX4ihUbH+bRmZufmFxaXlgsrq2vrG/bmVk3HqeJQ5bGMVcNnGqSIoIoCJTQSBSz0JdT9wWVerw9BaRFHtzhKoBWyXiQCwRkaqWMf16in00QDUk8aW5d1vKQvzAMCPKA5b5fpER3um8tTotfHw3a5YxedkjMG/UvcKSmSKa479rvXjXkaQoRcMq2brpNgK2MKBZdwV/BSDQnjA9aDpqERC0G3svF6d3TPKF0axMqcCOlY/e7IWKj1KPRNZ8iwr3/XcvG/WjPF4LSViShJESI+GRSkkmJM86xoVyjgKEeGMK6E+SvlfaYYR5NowYTg/l75L6mVS26ldHZTKV6cT+NYIjtklxwQl5yQC3JFrkmVcHJPHskzebEerCfr1XqbtM5YU882+QHr4wsqgKCb</latexit>

h�i = ±v0

<latexit sha1_base64="APsZNAZoN2oUSaU7ZtPMhB4H4qk=">AAACBnicbVDLSsNAFL3xWesr6lKEwSK6KokUVFAouHFZwT6gCWUynbRDJ5MwMymU0JUbf8WNC0Xc+g3u/BunbRbaemDg3HPu5c49QcKZ0o7zbS0tr6yurRc2iptb2zu79t5+Q8WpJLROYh7LVoAV5UzQumaa01YiKY4CTpvB4HbiN4dUKhaLBz1KqB/hnmAhI1gbqWMfeRyLHqfIS/oMeXJW3JgyQsPTjl1yys4UaJG4OSlBjlrH/vK6MUkjKjThWKm26yTaz7DUjHA6LnqpogkmA9yjbUMFjqjys+kZY3RilC4KY2me0Giq/p7IcKTUKApMZ4R1X817E/E/r53q8NLPmEhSTQWZLQpTjnSMJpmgLpOUaD4yBBPJzF8R6WOJiTbJFU0I7vzJi6RxXnYr5av7Sql6ncdRgEM4hjNw4QKqcAc1qAOBR3iGV3iznqwX6936mLUuWfnMAfyB9fkDYgyXxw==</latexit>

+ µ��
�
|H|2 � |H 0|2

�

<latexit sha1_base64="W23+BHpxnZC7IS9Tnf0BJGiwEbQ=">AAACGHicbVDLTgIxFO3gC/GFunTTSIwYI84QEjVxQeKGJSbySJiRdEoHGjqPtHdMCPAZbvwVNy40xi07/8YCs1DwJO09OefetPe4keAKTPPbSK2srq1vpDczW9s7u3vZ/YO6CmNJWY2GIpRNlygmeMBqwEGwZiQZ8V3BGm7/buo3nphUPAweYBAxxyfdgHucEtBSO3t5jm1s+3Hbjnoczy/BPMjjUWX0WMQXup5OiS15twdn7WzOLJgz4GViJSSHElTb2YndCWnsswCoIEq1LDMCZ0gkcCrYOGPHikWE9kmXtTQNiM+UM5wtNsYnWulgL5T6BIBn6u+JIfGVGviu7vQJ9NSiNxX/81oxeNfOkAdRDCyg84e8WGAI8TQl3OGSURADTQiVXP8V0x6RhILOMqNDsBZXXib1YsEqFW7uS7nybRJHGh2hY5RHFrpCZVRBVVRDFD2jV/SOPowX4834NL7mrSkjmTlEf2BMfgCnX52r</latexit>

v2 ⌧ v02

<latexit sha1_base64="X+FLk97+NeCWDr96cRlCvGoQHy8=">AAAB83icbVBNS8NAEJ3Ur1q/oh69LBbRU0lKQXsrePFYwX5Ak5bNdtMu3WzC7qZQQv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZFyScKe0431Zha3tnd6+4Xzo4PDo+sU/P2ipOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJvcLvzOlUrFYPOlZQv0IjwQLGcHaSN60X0Ue52h63a8O7LJTcZZAm8TNSRlyNAf2lzeMSRpRoQnHSvVcJ9F+hqVmhNN5yUsVTTCZ4BHtGSpwRJWfLW+eoyujDFEYS1NCo6X6eyLDkVKzKDCdEdZjte4txP+8XqrDOz9jIkk1FWS1KEw50jFaBICGTFKi+cwQTCQztyIyxhITbWIqmRDc9Zc3SbtacWuV+mOt3KjncRThAi7hBly4hQY8QBNaQCCBZ3iFNyu1Xqx362PVWrDymXP4A+vzB2Z5kJw=</latexit>

V (�)

<latexit sha1_base64="doJpetFSwp/oYw0/No5QO4wMm6M=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBHqpexKQXsrePFYwX5Au5Rsmm1Ds9mQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5oRLcWM/7RhubW9s7u4W94v7B4dFx6eS0bZJUU9aiiUh0NySGCS5Zy3IrWFdpRuJQsE44uZv7nSemDU/ko50qFsRkJHnEKbFO6rQrfTXmV4NS2at6C+B14uekDDmag9JXf5jQNGbSUkGM6fmeskFGtOVUsFmxnxqmCJ2QEes5KknMTJAtzp3hS6cMcZRoV9Lihfp7IiOxMdM4dJ0xsWOz6s3F/7xeaqPbIONSpZZJulwUpQLbBM9/x0OuGbVi6gihmrtbMR0TTah1CRVdCP7qy+ukfV31a9X6Q63cqOdxFOAcLqACPtxAA+6hCS2gMIFneIU3pNALekcfy9YNlM+cwR+gzx+FC48H</latexit>

�

<latexit sha1_base64="o2+sZA9CRcYNCYWuCsM9GJUUT1Y=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUHsrePFYwX5AG8pmu2mW7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpOFaFdEvNYDQKsKWeSdg0znA4SRbEIOO0Hs7vc7z9RpVksH808ob7AU8lCRrDJpVESsXG15tbdJdAm8QpSgwKdcfVrNIlJKqg0hGOth56bGD/DyjDC6aIySjVNMJnhKR1aKrGg2s+Wty7QlVUmKIyVLWnQUv09kWGh9VwEtlNgE+l1Lxf/84apCW/9jMkkNVSS1aIw5cjEKH8cTZiixPC5JZgoZm9FJMIKE2PjqdgQvPWXN0nvpu416q2HRq3dKuIowwVcwjV40IQ23EMHukAggmd4hTdHOC/Ou/Oxai05xcw5/IHz+QMUs45C</latexit>

v0

<latexit sha1_base64="hAy+bRyuvD9MO+GWQUYfmz5tDBM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQHMLePEYxTwgCWF2MpsMmZ1dZnoDYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bEUBl3328ltbG5t7+R3C3v7B4dHxeOTpokSzXiDRTLSbZ8aLoXiDRQoeTvWnIa+5C1/fDf3WxOujYjUE05j3gvpUIlAMIpWepxc9oslt+wuQNaJl5ESZKj3i1/dQcSSkCtkkhrT8dwYeynVKJjks0I3MTymbEyHvGOpoiE3vXRx6YxcWGVAgkjbUkgW6u+JlIbGTEPfdoYUR2bVm4v/eZ0Eg9teKlScIFdsuShIJMGIzN8mA6E5Qzm1hDIt7K2EjaimDG04BRuCt/ryOmlel71KufpQKdWqWRx5OINzuAIPbqAG91CHBjAI4Ble4c0ZOy/Ou/OxbM052cwp/IHz+QNE4Y0u</latexit>

�v0

<latexit sha1_base64="NSSCF9dkZ+Mw0Fa9vg4nP4UOb1s=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRi2VXCtpbwYvHCvYD2qVk02wbmmSXJFsoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+aesoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTO4zvzOlSrNIPplZTH2BR5KFjGCTSddoejkoV9yquwBaJ15OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SyUWVPvp4tY5urDKEIWRsiUNWqi/J1IstJ6JwHYKbMZ61cvE/7xeYsI7P2UyTgyVZLkoTDgyEcoeR0OmKDF8ZgkmitlbERljhYmx8ZRsCN7qy+ukfVP1atX6Y63SqOdxFOEMzuEKPLiFBjxAE1pAYAzP8ApvjnBenHfnY9lacPKZU/gD5/MHBDmNjw==</latexit>

Spontaneously broken discrete symmetry

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

domain wall solutions

topologically�stable�
(if�global)

� ⇠
p

��v
03

<latexit sha1_base64="gyl6tkNafeduapVDwvaoopVHhwM=">AAACDXicbVC7TsMwFHV4lvIKMLJYFARTlUAlQGKoxMJYJPqQmhA5rtNatZ1gO5WqqD/Awq+wMIAQKzsbf4PbZoCWI9n36Nx7ZN8TJowq7Tjf1sLi0vLKamGtuL6xubVt7+w2VJxKTOo4ZrFshUgRRgWpa6oZaSWSIB4y0gz71+N+c0CkorG408OE+Bx1BY0oRtpIgX3oKdrlCJrCzfUgdeYxY++gwEt6dAQHx/dngV1yys4EcJ64OSmBHLXA/vI6MU45ERozpFTbdRLtZ0hqihkZFb1UkQThPuqStqECcaL8bLLNCB4ZpQOjWJojNJyovx0Z4koNeWgmOdI9Ndsbi//12qmOLvyMiiTVRODpQ1HKoI7hOBrYoZJgzYaGICyp+SvEPSQR1ibAognBnV15njROy26lfHlbKVWv8jgKYB8cgBPggnNQBTegBuoAg0fwDF7Bm/VkvVjv1sd0dMHKPXvgD6zPHxgMm5A=</latexit>

h�i = v0

<latexit sha1_base64="8RL3pZARrAFrou53OGKUlLOOyq0=">AAACAnicbVDLSsNAFL3xWesr6krcDBbRVUmkoIJCwY3LCvYBTSiT6aQdOpmEmUmhhOLGX3HjQhG3foU7/8Zpm4W2Hrhw5px7mXtPkHCmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMeyFWBFORO0rpnmtJVIiqOA02YwuJ34zSGVisXiQY8S6ke4J1jICNZG6tiHHseixynykj5Dnpw9btDwtGOXnLIzBVokbk5KkKPWsb+8bkzSiApNOFaq7TqJ9jMsNSOcjoteqmiCyQD3aNtQgSOq/Gx6whidGKWLwliaEhpN1d8TGY6UGkWB6Yyw7qt5byL+57VTHV76GRNJqqkgs4/ClCMdo0keqMskJZqPDMFEMrMrIn0sMdEmtaIJwZ0/eZE0zstupXx1XylVr/M4CnAEx3AGLlxAFe6gBnUg8AjP8Apv1pP1Yr1bH7PWJSufOYA/sD5/AJ0YlkY=</latexit>

h�i = �v0

<latexit sha1_base64="JYINkSGhYBQEKNzZoRidPna2rsg=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyyiG8uMFFRQKLhxWcE+oDOUTJppQzOZIckUSunCjb/ixoUibv0Id/6NaTsLbT1w4eSce8m9J0g4U9pxvq3cyura+kZ+s7C1vbO7Z+8fNFScSkLrJOaxbAVYUc4ErWumOW0lkuIo4LQZDG6nfnNIpWKxeNCjhPoR7gkWMoK1kTp20eNY9DhFXtJnyJPzxw06Q8OTjl1yys4MaJm4GSlBhlrH/vK6MUkjKjThWKm26yTaH2OpGeF0UvBSRRNMBrhH24YKHFHlj2dHTNCxUboojKUpodFM/T0xxpFSoygwnRHWfbXoTcX/vHaqw0t/zESSairI/KMw5UjHaJoI6jJJieYjQzCRzOyKSB9LTLTJrWBCcBdPXiaN87JbKV/dV0rV6yyOPBThCE7BhQuowh3UoA4EHuEZXuHNerJerHfrY96as7KZQ/gD6/MHbQaWpw==</latexit>



Domain walls

The breaking of  parity due to gravitational 
effects will break the vacuum degeneracy, 

making the domain walls unstable

*�However…�*

Quantum gravity violates global symmetries
V (�)

<latexit sha1_base64="doJpetFSwp/oYw0/No5QO4wMm6M=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBHqpexKQXsrePFYwX5Au5Rsmm1Ds9mQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5oRLcWM/7RhubW9s7u4W94v7B4dFx6eS0bZJUU9aiiUh0NySGCS5Zy3IrWFdpRuJQsE44uZv7nSemDU/ko50qFsRkJHnEKbFO6rQrfTXmV4NS2at6C+B14uekDDmag9JXf5jQNGbSUkGM6fmeskFGtOVUsFmxnxqmCJ2QEes5KknMTJAtzp3hS6cMcZRoV9Lihfp7IiOxMdM4dJ0xsWOz6s3F/7xeaqPbIONSpZZJulwUpQLbBM9/x0OuGbVi6gihmrtbMR0TTah1CRVdCP7qy+ukfV31a9X6Q63cqOdxFOAcLqACPtxAA+6hCS2gMIFneIU3pNALekcfy9YNlM+cwR+gzx+FC48H</latexit>

�

<latexit sha1_base64="o2+sZA9CRcYNCYWuCsM9GJUUT1Y=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUHsrePFYwX5AG8pmu2mW7m7C7kYooX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxLOtHHdb6e0tb2zu1ferxwcHh2fVE/PejpOFaFdEvNYDQKsKWeSdg0znA4SRbEIOO0Hs7vc7z9RpVksH808ob7AU8lCRrDJpVESsXG15tbdJdAm8QpSgwKdcfVrNIlJKqg0hGOth56bGD/DyjDC6aIySjVNMJnhKR1aKrGg2s+Wty7QlVUmKIyVLWnQUv09kWGh9VwEtlNgE+l1Lxf/84apCW/9jMkkNVSS1aIw5cjEKH8cTZiixPC5JZgoZm9FJMIKE2PjqdgQvPWXN0nvpu416q2HRq3dKuIowwVcwjV40IQ23EMHukAggmd4hTdHOC/Ou/Oxai05xcw5/IHz+QMUs45C</latexit>

v0

<latexit sha1_base64="hAy+bRyuvD9MO+GWQUYfmz5tDBM=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQHMLePEYxTwgCWF2MpsMmZ1dZnoDYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bEUBl3328ltbG5t7+R3C3v7B4dHxeOTpokSzXiDRTLSbZ8aLoXiDRQoeTvWnIa+5C1/fDf3WxOujYjUE05j3gvpUIlAMIpWepxc9oslt+wuQNaJl5ESZKj3i1/dQcSSkCtkkhrT8dwYeynVKJjks0I3MTymbEyHvGOpoiE3vXRx6YxcWGVAgkjbUkgW6u+JlIbGTEPfdoYUR2bVm4v/eZ0Eg9teKlScIFdsuShIJMGIzN8mA6E5Qzm1hDIt7K2EjaimDG04BRuCt/ryOmlel71KufpQKdWqWRx5OINzuAIPbqAG91CHBjAI4Ble4c0ZOy/Ou/OxbM052cwp/IHz+QNE4Y0u</latexit>

�v0

<latexit sha1_base64="NSSCF9dkZ+Mw0Fa9vg4nP4UOb1s=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbRi2VXCtpbwYvHCvYD2qVk02wbmmSXJFsoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+aesoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTO4zvzOlSrNIPplZTH2BR5KFjGCTSddoejkoV9yquwBaJ15OKpCjOSh/9YcRSQSVhnCsdc9zY+OnWBlGOJ2X+ommMSYTPKI9SyUWVPvp4tY5urDKEIWRsiUNWqi/J1IstJ6JwHYKbMZ61cvE/7xeYsI7P2UyTgyVZLkoTDgyEcoeR0OmKDF8ZgkmitlbERljhYmx8ZRsCN7qy+ukfVP1atX6Y63SqOdxFOEMzuEKPLiFBjxAE1pAYAzP8ApvjnBenHfnY9lacPKZU/gD5/MHBDmNjw==</latexit>

network�of�domain�walls�collapses,�
emitting�gravitational�radiation

V � ✏
�5

MPl

<latexit sha1_base64="r6ePM3t4z7WTRMd9Nzbp0yCqNFI=">AAACFHicbVBNS8NAEN34bf2KevSyWARBKYkoKngQvHgRKtgqNLFsthO7dLNZdjdCCfkRXvwrXjwo4tWDN/+N25qDtj4YeLw3w8y8SHKmjed9OROTU9Mzs3PzlYXFpeUVd3WtqdNMUWjQlKfqJiIaOBPQMMxwuJEKSBJxuI56ZwP/+h6UZqm4Mn0JYULuBIsZJcZKbXeniQOdSQ0GByA146nAwS4OYkVoHsguuz0o8ot2XudF0XarXs0bAo8TvyRVVKLedj+DTkqzBIShnGjd8j1pwpwowyiHohJkGiShPXIHLUsFSUCH+fCpAm9ZpYPjVNkSBg/V3xM5SbTuJ5HtTIjp6lFvIP7ntTITH4U5EzIzIOjPojjj2KR4kBDuMAXU8L4lhCpmb8W0S2wexuZYsSH4oy+Pk+Zezd+vHV/uV09Pyjjm0AbaRNvIR4foFJ2jOmogih7QE3pBr86j8+y8Oe8/rRNOObOO/sD5+AaQOZ6L</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

�V ⇠ ✏
v05

MPl

<latexit sha1_base64="KIaO3Q8bxn32FRAysBeRC/2i5wU=">AAACGHicbZDLSgMxFIYz9VbrrerSTbCILqTOSEUFFwU3boQK9gKdWjLpmTY0kxmSTKEM8xhufBU3LhRx251vY3pZaOsPgY//nMPJ+b2IM6Vt+9vKLC2vrK5l13Mbm1vbO/ndvZoKY0mhSkMeyoZHFHAmoKqZ5tCIJJDA41D3+rfjen0AUrFQPOphBK2AdAXzGSXaWO38mdsBrgmuYVexALun2IVIMR6KMfqS0GRw/HSRJvftpMLTtJ0v2EV7IrwIzgwKaKZKOz9yOyGNAxCacqJU07Ej3UqI1IxySHNurCAitE+60DQoSACqlUwOS/GRcTrYD6V5QuOJ+3siIYFSw8AznQHRPTVfG5v/1Zqx9q9aCRNRrEHQ6SI/5liHeJwS7jAJVPOhAUIlM3/FtEdMGtpkmTMhOPMnL0LtvOiUitcPpUL5ZhZHFh2gQ3SCHHSJyugOVVAVUfSMXtE7+rBerDfr0/qatmas2cw++iNr9ANgw59m</latexit>

Domain wall problem: domain walls formed after inflation eventually 
dominate the Universe’s energy density, in contradiction with observation

Zeldovich, Kobzarev, Okun (1974)



Domain wall evolution

t⇤ ⇠ �

�V
⇠ 1

✏

MPl

v02

<latexit sha1_base64="Ep7YNwC31s4FifVVYGqdXDo7TsE="></latexit>

Time of  collapse:

The smaller    , the later the collapse takes place✏

<latexit sha1_base64="ZLSTDDVtzMIhpji/7GYtVJojn+Q=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIKHghePFewHtKFstpN26WYTdzdCCf0TXjwo4tW/481/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1OlhormIZb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+75ScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY8GXCFzIiJJZQpbm8lbEQVZcZGVLIheMsvr5LWRdWrVa/va5X6TR5HEU7gFM7Bg0uowx00oAkMBDzDK7w5j86L8+58LFoLTj5zDH/gfP4ATuOQJg==</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

lower bound on amount of  symmetry 
violation to avoid domain wall domination

Domain wall network evolution determined by two competing effects:

�V

<latexit sha1_base64="bdXw6ESatofiAzpTV+y3VNbbBHM=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIKHghePFewHtKFsNpt26WYTdydCKf0TXjwo4tW/481/47bNQVsfDDzem2FmXpBKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk04w3WSIT3Qmo4VIo3kSBkndSzWkcSN4ORrczv/3EtRGJesBxyv2YDpSIBKNopU4v5BIpafXLFbfqzkFWiZeTCuRo9MtfvTBhWcwVMkmN6Xpuiv6EahRM8mmplxmeUjaiA961VNGYG38yv3dKzqwSkijRthSSufp7YkJjY8ZxYDtjikOz7M3E/7xuhtGVPxEqzZArtlgUZZJgQmbPk1BozlCOLaFMC3srYUOqKUMbUcmG4C2/vEpaF1WvVr2+r1XqN3kcRTiBUzgHDy6hDnfQgCYwkPAMr/DmPDovzrvzsWgtOPnMMfyB8/kDlU+PrA==</latexit>

�

R(t)
⇠ �

t

<latexit sha1_base64="OTVHsGXbrEtP8N1zqIHXDURv+pY=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSAkTdiVgAoWARvLKOYB2SXMTmaTITO7y8xdISz7DTb+io2FIrZWdv6Nk0dhEg9cOHPOvcy9x48F12DbP1ZubX1jcyu/XdjZ3ds/KB4etXSUKMqaNBKR6vhEM8FD1gQOgnVixYj0BWv7o5uJ335kSvMofIBxzDxJBiEPOCVgpF6x4gaK0NTVfCBJlt6XoZJh85J40YCsVyzZVXsKvEqcOSmhORq94rfbj2giWQhUEK27jh2DlxIFnAqWFdxEs5jQERmwrqEhkUx76fSkDJ8ZpY+DSJkKAU/VvxMpkVqPpW86JYGhXvYm4n9eN4Hg0kt5GCfAQjr7KEgEhghP8sF9rhgFMTaEUMXNrpgOiYkCTIoFE4KzfPIqaZ1XnVr16q5Wql/P48ijE3SKyshBF6iOblEDNRFFT+gFvaF369l6tT6sz1lrzprPHKMFWF+/HGueZQ==</latexit>

force�per�u.�area�due�to�pressure�
difference�between�vacua�

force�per�u.�area�acting�on�
wall�with�curvature�radius�R

Vilenkin (1981)



Domain wall evolution 10-8 10-5 0.01

10-16

10-11

10-6

v
�
=

18
T
eV

<latexit sha1_base64="0jJPVAZGpa6orn/g2fgRPa4YH+k=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARuiqJFKwLoeDGZYW+oAlhMp20Q2cmYWZSKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tjY2t7Z3dkt75f2Dw6Nj++S0q+JUYtLBMYtlP0SKMCpIR1PNSD+RBPGQkV44uZ/7vSmRisairWcJ8TkaCRpRjLSRAvt8GnjJmMI76DagBzNPctgm3TywK07NWQCuE7cgFVCgFdhf3jDGKSdCY4aUGrhOov0MSU0xI3nZSxVJEJ6gERkYKhAnys8WD+TwyihDGMXSlNBwof6eyBBXasZD08mRHqtVby7+5w1SHTX8jIok1UTg5aIoZVDHcJ4GHFJJsGYzQxCW1NwK8RhJhLXJrGxCcFdfXifd65pbr90+1ivNahFHCVyAS1AFLrgBTfAAWqADMMjBM3gFb9aT9WK9Wx/L1g2rmDkDf2B9/gBBuJTZ</latexit>

v
�
=

3.5
·10

4
T
eV

<latexit sha1_base64="fAYtpZmwXwokC+Cqt2M3geyFkoU=">AAACDHicbVDLSgMxFM34rPVVdekmWISuhhmtqAuh4MZlhb6gM5ZMJtOGZpIhyRTK0A9w46+4caGIWz/AnX9j2s5CWw8EDuecy809QcKo0o7zba2srq1vbBa2its7u3v7pYPDlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvJ367RGRigre0OOE+DHqcxpRjLSReqXyqOclAwpv4Ll9AT0cCg1d56EKPZh5MoYN0pqYlGM7M8Bl4uakDHLUe6UvLxQ4jQnXmCGluq6TaD9DUlPMyKTopYokCA9Rn3QN5Sgmys9mx0zgqVFCGAlpHtdwpv6eyFCs1DgOTDJGeqAWvan4n9dNdXTlZ5QnqSYczxdFKYNawGkzMKSSYM3GhiAsqfkrxAMkEdamv6IpwV08eZm0zmy3al/fV8u1Sl5HARyDE1ABLrgENXAH6qAJMHgEz+AVvFlP1ov1bn3MoytWPnME/sD6/AGLQZi3</latexit>

100 106 1010 1014
10-15

10-11

10-7

0.001

v� / GeV

<latexit sha1_base64="U+h8vdxw7odrAOBceXQSbjj2YNQ=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIPdVECuqt4EGPFewHNCFsttN26WYTdjeFEnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtrayurW9sFraK2zu7e/v2wWFTxamk0KAxj2U7JAo4E9DQTHNoJxJIFHJohcObqd8agVQsFg96nIAfkb5gPUaJNlJgH48CLxkw7OFzU5knI3wLzUlgl5yKMwNeJm5OSihHPbC/vG5M0wiEppwo1XGdRPsZkZpRDpOilypICB2SPnQMFSQC5Wez+yf4zChd3IulKaHxTP09kZFIqXEUms6I6IFa9Kbif14n1b0rP2MiSTUIOl/USznWMZ6GgbtMAtV8bAihkplbMR0QSag2kRVNCO7iy8ukeVFxq5Xr+2qpVs7jKKATdIrKyEWXqIbuUB01EEWP6Bm9ojfryXqx3q2PeeuKlc8coT+wPn8A24+Upw==</latexit>

✏

<latexit sha1_base64="RNkZKjCjqPk7e2Cq91oPWAb7iAg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlbh8TzUUsB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4t7Z+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm8+fJkCtkRkwtoUxxeythY6ooMzaikg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxgIeIZXeHMenRfn3flYthacfOYU/sD5/AFI35AS</latexit>

102

<latexit sha1_base64="Uzk3SCmsnQn6BlTVSVXhxK1USgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7JbCtVbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ77WB+VK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMeG1nzIZJ4ZKsloUJhyZCGWPozFTlBg+twQTxeytiEyxwsTYeEo2BG/95U3Srde8Ru3mvlFpVfM4inABl1AFD5rQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4ACcyNhQ==</latexit>

104

<latexit sha1_base64="f6VRveEhpKMKif0vamjyayef0ds=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m956o0iySD2YeU1/giWQhI9hkkuc+NkfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCa/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5PuZcNrNm7um7VWvYijDGdwDnXw4ApacAdt6ACBKTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8M1I2H</latexit>

106

<latexit sha1_base64="Ont0P2ef0eibwxgTrddwwZrYLGM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7Irpeqt4MVjBfsB7VqyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH8wspr7AY8lCRrDJJM99bAzLFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDaT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNa8eu3mvl5pVvM4inAG51AFD66gCXfQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBD9yNiQ==</latexit>

108

<latexit sha1_base64="Ue3TRamYpvYzMVSWE0CFNv/tQaY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7IrhdZbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ772ByVK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMWHTT5mME0MlWS0KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPCUbgrf+8ibpXte8eu3mvl5pVfM4inABl1AFDxrQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4AEuSNiw==</latexit>

1010

<latexit sha1_base64="yUHFolB3qSzAZaP/jNJFVnHDgIE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOljuc+Zp47G5Qrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddK+rHn12s19vdKo5nEU4QzOoQoeXEED7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wc8Co7K</latexit>

1012

<latexit sha1_base64="mmQmbBJByGhXBdF8uou+CbcOSuU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5KUgnorePFYwbZCG8tmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTjolTzXibxTLWDwE1XArF2yhQ8odEcxoFkneDyc3c7z5xbUSs7nGacD+iIyVCwShaqeu5j5lXnw3KFbfmLkDWiZeTCuRoDcpf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDsjF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDKz4RKUuSKLReFqSQYk/nvZCg0ZyinllCmhb2VsDHVlKFNqGRD8FZfXiedes1r1K7vGpVmNY+jCGdwDlXw4BKacAstaAODCTzDK7w5ifPivDsfy9aCk8+cwh84nz8/FI7M</latexit>

1014

<latexit sha1_base64="5cbBNbY4vanfezorWYrOBhVeGZ8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOljuc+Zl59NihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOyMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9WfPqtZv7eqVRzeMowhmcQxU8uIIG3EETWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9CHo7O</latexit>

1016

<latexit sha1_base64="eevQfIXHmtKnf2UTHpsF4mPGA7o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9gV8XELePEYwTwgWcPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKbc99zLzLab9ccWvuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWec27qN3cX1Tq1TyOIpzAKVTBgyuowx00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4ARSiO0A==</latexit>
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Decay before BBN

Decay before domination

10�15

<latexit sha1_base64="WtvnrYuHA0OX/dp2UmUK7qsc8CU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByMexKRL0FvHiMYB6QrGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKLc99SM+8i0m3UHTL7gxkmXgZKUKGWrfw1elFLAlRGiao1m3PjY2fUmU4EzjJdxKNMWUjOsC2pZKGqP10du+EnFqlR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/5adcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNM7LXqV8fVcpVktZHDk4hhMogQeXUIVbqEEdGAh4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A66IjwY=</latexit>

1

<latexit sha1_base64="NBij7Ye+eWEAGzSf0xhVynUQ6OI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlpjcoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPdquMpw==</latexit>

10�10

<latexit sha1_base64="8btYIXoZwH4YMbTVtMw2PQiwSzM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoOQi2FXAuot4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqe25D+m55057xZJbcecgq8TLSAky1HvFr24/YknIFTJJjel4box+SjUKJvm00E0Mjykb0yHvWKpoyI2fzu+dkjOr9Mkg0rYUkrn6eyKloTGTMLCdIcWRWfZm4n9eJ8HBlZ8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8qXrVyfVct1cpZHHk4gVMogweXUINbqEMDGEh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AabvjwE=</latexit>

10�5

<latexit sha1_base64="LdzvhgUQX+2ufWuhdFuHZ/eXbBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXIuot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fPYuOyw==</latexit>

v
�
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18
T
eV

<latexit sha1_base64="0jJPVAZGpa6orn/g2fgRPa4YH+k=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARuiqJFKwLoeDGZYW+oAlhMp20Q2cmYWZSKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tjY2t7Z3dkt75f2Dw6Nj++S0q+JUYtLBMYtlP0SKMCpIR1PNSD+RBPGQkV44uZ/7vSmRisairWcJ8TkaCRpRjLSRAvt8GnjJmMI76DagBzNPctgm3TywK07NWQCuE7cgFVCgFdhf3jDGKSdCY4aUGrhOov0MSU0xI3nZSxVJEJ6gERkYKhAnys8WD+TwyihDGMXSlNBwof6eyBBXasZD08mRHqtVby7+5w1SHTX8jIok1UTg5aIoZVDHcJ4GHFJJsGYzQxCW1NwK8RhJhLXJrGxCcFdfXifd65pbr90+1ivNahFHCVyAS1AFLrgBTfAAWqADMMjBM3gFb9aT9WK9Wx/L1g2rmDkDf2B9/gBBuJTZ</latexit>

v
�
=
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·10
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T
eV

<latexit sha1_base64="fAYtpZmwXwokC+Cqt2M3geyFkoU=">AAACDHicbVDLSgMxFM34rPVVdekmWISuhhmtqAuh4MZlhb6gM5ZMJtOGZpIhyRTK0A9w46+4caGIWz/AnX9j2s5CWw8EDuecy809QcKo0o7zba2srq1vbBa2its7u3v7pYPDlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvJ367RGRigre0OOE+DHqcxpRjLSReqXyqOclAwpv4Ll9AT0cCg1d56EKPZh5MoYN0pqYlGM7M8Bl4uakDHLUe6UvLxQ4jQnXmCGluq6TaD9DUlPMyKTopYokCA9Rn3QN5Sgmys9mx0zgqVFCGAlpHtdwpv6eyFCs1DgOTDJGeqAWvan4n9dNdXTlZ5QnqSYczxdFKYNawGkzMKSSYM3GhiAsqfkrxAMkEdamv6IpwV08eZm0zmy3al/fV8u1Sl5HARyDE1ABLrgENXAH6qAJMHgEz+AVvFlP1ov1bn3MoytWPnME/sD6/AGLQZi3</latexit>

100 106 1010 1014
10-15

10-11

10-7

0.001

v� / GeV

<latexit sha1_base64="U+h8vdxw7odrAOBceXQSbjj2YNQ=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEIPdVECuqt4EGPFewHNCFsttN26WYTdjeFEnvwr3jxoIhX/4Y3/43bNgdtfTDweG+GmXlhwpnSjvNtrayurW9sFraK2zu7e/v2wWFTxamk0KAxj2U7JAo4E9DQTHNoJxJIFHJohcObqd8agVQsFg96nIAfkb5gPUaJNlJgH48CLxkw7OFzU5knI3wLzUlgl5yKMwNeJm5OSihHPbC/vG5M0wiEppwo1XGdRPsZkZpRDpOilypICB2SPnQMFSQC5Wez+yf4zChd3IulKaHxTP09kZFIqXEUms6I6IFa9Kbif14n1b0rP2MiSTUIOl/USznWMZ6GgbtMAtV8bAihkplbMR0QSag2kRVNCO7iy8ukeVFxq5Xr+2qpVs7jKKATdIrKyEWXqIbuUB01EEWP6Bm9ojfryXqx3q2PeeuKlc8coT+wPn8A24+Upw==</latexit>

✏

<latexit sha1_base64="RNkZKjCjqPk7e2Cq91oPWAb7iAg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gDWWznbRLN5u4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOlbh8TzUUsB+WKW3MXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4t7Z+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5ea8NrPuExSg5ItF4WpICYm8+fJkCtkRkwtoUxxeythY6ooMzaikg3BW315nbQva169dnNfrzSqeRxFOINzqIIHV9CAO2hCCxgIeIZXeHMenRfn3flYthacfOYU/sD5/AFI35AS</latexit>

102

<latexit sha1_base64="Uzk3SCmsnQn6BlTVSVXhxK1USgc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7JbCtVbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ77WB+VK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMeG1nzIZJ4ZKsloUJhyZCGWPozFTlBg+twQTxeytiEyxwsTYeEo2BG/95U3Srde8Ru3mvlFpVfM4inABl1AFD5rQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4ACcyNhQ==</latexit>

104

<latexit sha1_base64="f6VRveEhpKMKif0vamjyayef0ds=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btIctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2W3m956o0iySD2YeU1/giWQhI9hkkuc+NkfVmttwc6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6KlWGE00VlmGgaYzLDEzqwVGJBtZ/mty7QhVXGKIyULWlQrv6eSLHQei4C2ymwmepVLxP/8waJCa/9lMk4MVSS5aIw4chEKHscjZmixPC5JZgoZm9FZIoVJsbGU7EheKsvr5PuZcNrNm7um7VWvYijDGdwDnXw4ApacAdt6ACBKTzDK7w5wnlx3p2PZWvJKWZO4Q+czx8M1I2H</latexit>

106

<latexit sha1_base64="Ont0P2ef0eibwxgTrddwwZrYLGM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7Irpeqt4MVjBfsB7VqyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMC2LOtHHdb6ewsbm1vVPcLe3tHxwelY9POjpKFKFtEvFI9QKsKWeStg0znPZiRbEIOO0G09vM7z5RpVkkH8wspr7AY8lCRrDJJM99bAzLFbfmLoDWiZeTCuRoDctfg1FEEkGlIRxr3ffc2PgpVoYRTuelQaJpjMkUj2nfUokF1X66uHWOLqwyQmGkbEmDFurviRQLrWcisJ0Cm4le9TLxP6+fmPDaT5mME0MlWS4KE45MhLLH0YgpSgyfWYKJYvZWRCZYYWJsPCUbgrf68jrpXNa8eu3mvl5pVvM4inAG51AFD66gCXfQgjYQmMAzvMKbI5wX5935WLYWnHzmFP7A+fwBD9yNiQ==</latexit>

108

<latexit sha1_base64="Ue3TRamYpvYzMVSWE0CFNv/tQaY=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahp7IrhdZbwYvHCvYD2rVk02wbmmSXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305ha3tnd6+4Xzo4PDo+KZ+edXWUKEI7JOKR6gdYU84k7RhmOO3HimIRcNoLZreZ33uiSrNIPph5TH2BJ5KFjGCTSZ772ByVK27NXQJtEi8nFcjRHpW/huOIJIJKQzjWeuC5sfFTrAwjnC5Kw0TTGJMZntCBpRILqv10eesCXVlljMJI2ZIGLdXfEykWWs9FYDsFNlO97mXif94gMWHTT5mME0MlWS0KE45MhLLH0ZgpSgyfW4KJYvZWRKZYYWJsPCUbgrf+8ibpXte8eu3mvl5pVfM4inABl1AFDxrQgjtoQwcITOEZXuHNEc6L8+58rFoLTj5zDn/gfP4AEuSNiw==</latexit>

1010

<latexit sha1_base64="yUHFolB3qSzAZaP/jNJFVnHDgIE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOljuc+Zp47G5Qrbs1dgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny3OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzH8nQ66QGTG1hDLF7a2EjamizNiESjYEb/XlddK+rHn12s19vdKo5nEU4QzOoQoeXEED7qAJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wc8Co7K</latexit>

1012

<latexit sha1_base64="mmQmbBJByGhXBdF8uou+CbcOSuU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5KUgnorePFYwbZCG8tmu2mXbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTjolTzXibxTLWDwE1XArF2yhQ8odEcxoFkneDyc3c7z5xbUSs7nGacD+iIyVCwShaqeu5j5lXnw3KFbfmLkDWiZeTCuRoDcpf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bnDsjF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDKz4RKUuSKLReFqSQYk/nvZCg0ZyinllCmhb2VsDHVlKFNqGRD8FZfXiedes1r1K7vGpVmNY+jCGdwDlXw4BKacAstaAODCTzDK7w5ifPivDsfy9aCk8+cwh84nz8/FI7M</latexit>

1014

<latexit sha1_base64="5cbBNbY4vanfezorWYrOBhVeGZ8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5JIQb0VvHisYD+gjWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mGmCfkRHkoecUWOljuc+Zl59NihX3Jq7AFknXk4qkKM5KH/1hzFLI5SGCap1z3MT42dUGc4Ezkr9VGNC2YSOsGeppBFqP1ucOyMXVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhNd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9WfPqtZv7eqVRzeMowhmcQxU8uIIG3EETWsBgAs/wCm9O4rw4787HsrXg5DOn8AfO5w9CHo7O</latexit>

1016

<latexit sha1_base64="eevQfIXHmtKnf2UTHpsF4mPGA7o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQU9gV8XELePEYwTwgWcPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKbc99zLzLab9ccWvuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+7pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY7GXCFzIiJJZQpbm8lbEQVZcYmVLIheMsvr5LWec27qN3cX1Tq1TyOIpzAKVTBgyuowx00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4ARSiO0A==</latexit>

Co
lli

de
r 

bo
un

ds

10�15

<latexit sha1_base64="WtvnrYuHA0OX/dp2UmUK7qsc8CU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByMexKRL0FvHiMYB6QrGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKLc99SM+8i0m3UHTL7gxkmXgZKUKGWrfw1elFLAlRGiao1m3PjY2fUmU4EzjJdxKNMWUjOsC2pZKGqP10du+EnFqlR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/5adcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNM7LXqV8fVcpVktZHDk4hhMogQeXUIVbqEEdGAh4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A66IjwY=</latexit>

1

<latexit sha1_base64="NBij7Ye+eWEAGzSf0xhVynUQ6OI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlpjcoV9yauwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVnzrmq3zatKvZrHUYQzOIcqeHANdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPdquMpw==</latexit>

10�10

<latexit sha1_base64="8btYIXoZwH4YMbTVtMw2PQiwSzM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoOQi2FXAuot4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqe25D+m55057xZJbcecgq8TLSAky1HvFr24/YknIFTJJjel4box+SjUKJvm00E0Mjykb0yHvWKpoyI2fzu+dkjOr9Mkg0rYUkrn6eyKloTGTMLCdIcWRWfZm4n9eJ8HBlZ8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8qXrVyfVct1cpZHHk4gVMogweXUINbqEMDGEh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AabvjwE=</latexit>

10�5

<latexit sha1_base64="LdzvhgUQX+2ufWuhdFuHZ/eXbBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXIuot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fPYuOyw==</latexit>

Fine-tuning

f / Hz

<latexit sha1_base64="27jWSZDZMHyaqjKj7nyzJafjqQo=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXoqe5KQb0VvPRYwX5At5Rsmm1Dk+ySZAt16T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzwoQzbTzv29nY3Nre2S3sFfcPDo+O3ZPTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+H7utydUaRbLRzNNaE/goWQRI9hYqe+6EQrQla0sUALVn2Z9t+RVvAXQOvFzUoIcjb77FQxikgoqDeFY667vJaaXYWUY4XRWDFJNE0zGeEi7lkosqO5li8tn6NIqAxTFypY0aKH+nsiw0HoqQtspsBnpVW8u/ud1UxPd9jImk9RQSZaLopQjE6N5DGjAFCWGTy3BRDF7KyIjrDAxNqyiDcFffXmdtK4rfrVy91At1cp5HAU4hwsogw83UIM6NKAJBCbwDK/w5mTOi/PufCxbN5x85gz+wPn8AVXLkh8=</latexit>

v
�
=
18

T
eV

<latexit sha1_base64="0jJPVAZGpa6orn/g2fgRPa4YH+k=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARuiqJFKwLoeDGZYW+oAlhMp20Q2cmYWZSKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tjY2t7Z3dkt75f2Dw6Nj++S0q+JUYtLBMYtlP0SKMCpIR1PNSD+RBPGQkV44uZ/7vSmRisairWcJ8TkaCRpRjLSRAvt8GnjJmMI76DagBzNPctgm3TywK07NWQCuE7cgFVCgFdhf3jDGKSdCY4aUGrhOov0MSU0xI3nZSxVJEJ6gERkYKhAnys8WD+TwyihDGMXSlNBwof6eyBBXasZD08mRHqtVby7+5w1SHTX8jIok1UTg5aIoZVDHcJ4GHFJJsGYzQxCW1NwK8RhJhLXJrGxCcFdfXifd65pbr90+1ivNahFHCVyAS1AFLrgBTfAAWqADMMjBM3gFb9aT9WK9Wx/L1g2rmDkDf2B9/gBBuJTZ</latexit>

v
�
=
3.5 · 10 4

T
eV

<latexit sha1_base64="fAYtpZmwXwokC+Cqt2M3geyFkoU=">AAACDHicbVDLSgMxFM34rPVVdekmWISuhhmtqAuh4MZlhb6gM5ZMJtOGZpIhyRTK0A9w46+4caGIWz/AnX9j2s5CWw8EDuecy809QcKo0o7zba2srq1vbBa2its7u3v7pYPDlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvJ367RGRigre0OOE+DHqcxpRjLSReqXyqOclAwpv4Ll9AT0cCg1d56EKPZh5MoYN0pqYlGM7M8Bl4uakDHLUe6UvLxQ4jQnXmCGluq6TaD9DUlPMyKTopYokCA9Rn3QN5Sgmys9mx0zgqVFCGAlpHtdwpv6eyFCs1DgOTDJGeqAWvan4n9dNdXTlZ5QnqSYczxdFKYNawGkzMKSSYM3GhiAsqfkrxAMkEdamv6IpwV08eZm0zmy3al/fV8u1Sl5HARyDE1ABLrgENXAH6qAJMHgEz+AVvFlP1ov1bn3MoytWPnME/sD6/AGLQZi3</latexit>

10-8 10-5 0.01
10-20

10-17

10-14

10-11

10-8

10-5

10�7

<latexit sha1_base64="ihLy0YAaNfVjSNX/HFy/cDJPNgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXAtFbwIvHCOYBSQyzk9lkyOzsMtMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPd5cdSGHTdbye3sbm1vZPfLeztHxweFY9PWiZKNONNFslId3xquBSKN1Gg5J1Ycxr6krf9ye3cbz9xbUSkHnAa835IR0oEglG0UttzH9PL2mxQLLkVdwGyTryMlCBDY1D86g0jloRcIZPUmK7nxthPqUbBJJ8VeonhMWUTOuJdSxUNuemni3Nn5MIqQxJE2pZCslB/T6Q0NGYa+rYzpDg2q95c/M/rJhhc91Oh4gS5YstFQSIJRmT+OxkKzRnKqSWUaWFvJWxMNWVoEyrYELzVl9dJ66riVSs399VSvZzFkYczOIcyeFCDOtxBA5rAYALP8ApvTuy8OO/Ox7I152Qzp/AHzucPQJWOzQ==</latexit>

10�5

<latexit sha1_base64="LdzvhgUQX+2ufWuhdFuHZ/eXbBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXIuot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fPYuOyw==</latexit>

10�3

<latexit sha1_base64="V8RJqb6g+JHFAnjqfzN6sPvC7R8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXA+ot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fOoGOyQ==</latexit>

10�1

<latexit sha1_base64="w60783IQmckxBMnv62g7RE2T/Jc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0YkmkoN4KXjxWsB/QxrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOltuc+ZhfetF8qu1V3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/d0rOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvudDLhCZsTEEsoUt7cSNqKKMmMTKtoQvOWXV0nrsurVqjf3tXK9ksdRgFM4gwp4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PReuak8+cwB84nz83d47H</latexit>

10�9

<latexit sha1_base64="1h110mLXscCnUDb1z/8cuI241jI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXAppbwIvHCOYBSQyzk9lkyOzsMtMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPd5cdSGHTdbye3sbm1vZPfLeztHxweFY9PWiZKNONNFslId3xquBSKN1Gg5J1Ycxr6krf9ye3cbz9xbUSkHnAa835IR0oEglG0UttzH9PL2mxQLLkVdwGyTryMlCBDY1D86g0jloRcIZPUmK7nxthPqUbBJJ8VeonhMWUTOuJdSxUNuemni3Nn5MIqQxJE2pZCslB/T6Q0NGYa+rYzpDg2q95c/M/rJhjc9FOh4gS5YstFQSIJRmT+OxkKzRnKqSWUaWFvJWxMNWVoEyrYELzVl9dJ66riVSu1+2qpXs7iyMMZnEMZPLiGOtxBA5rAYALP8ApvTuy8OO/Ox7I152Qzp/AHzucPQ5+Ozw==</latexit>

⌦gwh
2

<latexit sha1_base64="uRK9FnNplkoUs6pBPYnU/pXzaxA=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBG6KkkpqLuCG3dWsA9oY5hMJ+nQmUmYmSgh1F9x40IRt36IO//GaZuFth64cDjnXu69J0gYVdpxvq219Y3Nre3STnl3b//g0D467qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTK5mfu+BSEVjcaezhHgcRYKGFCNtJN+uDG84iZCfDyWH0eMUju8bvl116s4ccJW4BamCAm3f/hqOYpxyIjRmSKmB6yTay5HUFDMyLQ9TRRKEJygiA0MF4kR5+fz4KTwzygiGsTQlNJyrvydyxJXKeGA6OdJjtezNxP+8QarDCy+nIkk1EXixKEwZ1DGcJQFHVBKsWWYIwpKaWyEeI4mwNnmVTQju8surpNuou8365W2z2qoVcZTACTgFNeCCc9AC16ANOgCDDDyDV/BmPVkv1rv1sWhds4qZCvgD6/MH/qiUSA==</latexit>

10�20

<latexit sha1_base64="vzDCflrGPlISqVPu6jHq/sm0KEU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByMeyGgHoLePEYwTwgWcPsZJIMmZ1dZ3qFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glgKg6777aytb2xubed28rt7+weHhaPjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDPzW09cGxGpe5zE3A/pUImBYBSt1Pbch/Si4k57haJbducgq8TLSBEy1HuFr24/YknIFTJJjel4box+SjUKJvk0300Mjykb0yHvWKpoyI2fzu+dknOr9Mkg0rYUkrn6eyKloTGTMLCdIcWRWfZm4n9eJ8HBlZ8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqK8DcFbfnmVNCtlr1q+vqsWa6UsjhycwhmUwINLqMEt1KEBDCQ8wyu8OY/Oi/PufCxa15xs5gT+wPn8Aah1jwI=</latexit>

10�15

<latexit sha1_base64="WtvnrYuHA0OX/dp2UmUK7qsc8CU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByMexKRL0FvHiMYB6QrGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKLc99SM+8i0m3UHTL7gxkmXgZKUKGWrfw1elFLAlRGiao1m3PjY2fUmU4EzjJdxKNMWUjOsC2pZKGqP10du+EnFqlR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/5adcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNM7LXqV8fVcpVktZHDk4hhMogQeXUIVbqEEdGAh4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A66IjwY=</latexit>

10�10

<latexit sha1_base64="8btYIXoZwH4YMbTVtMw2PQiwSzM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoOQi2FXAuot4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqe25D+m55057xZJbcecgq8TLSAky1HvFr24/YknIFTJJjel4box+SjUKJvm00E0Mjykb0yHvWKpoyI2fzu+dkjOr9Mkg0rYUkrn6eyKloTGTMLCdIcWRWfZm4n9eJ8HBlZ8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8qXrVyfVct1cpZHHk4gVMogweXUINbqEMDGEh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AabvjwE=</latexit>

10�5

<latexit sha1_base64="LdzvhgUQX+2ufWuhdFuHZ/eXbBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXIuot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fPYuOyw==</latexit>

Decay before domination

Decay before BBN 10-8 10-5 0.01
10-20

10-17

10-14

10-11

10-8

10-5

10�7

<latexit sha1_base64="ihLy0YAaNfVjSNX/HFy/cDJPNgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXAtFbwIvHCOYBSQyzk9lkyOzsMtMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPd5cdSGHTdbye3sbm1vZPfLeztHxweFY9PWiZKNONNFslId3xquBSKN1Gg5J1Ycxr6krf9ye3cbz9xbUSkHnAa835IR0oEglG0UttzH9PL2mxQLLkVdwGyTryMlCBDY1D86g0jloRcIZPUmK7nxthPqUbBJJ8VeonhMWUTOuJdSxUNuemni3Nn5MIqQxJE2pZCslB/T6Q0NGYa+rYzpDg2q95c/M/rJhhc91Oh4gS5YstFQSIJRmT+OxkKzRnKqSWUaWFvJWxMNWVoEyrYELzVl9dJ66riVSs399VSvZzFkYczOIcyeFCDOtxBA5rAYALP8ApvTuy8OO/Ox7I152Qzp/AHzucPQJWOzQ==</latexit>

10�5

<latexit sha1_base64="LdzvhgUQX+2ufWuhdFuHZ/eXbBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXIuot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fPYuOyw==</latexit>

10�3

<latexit sha1_base64="V8RJqb6g+JHFAnjqfzN6sPvC7R8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXA+ot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fOoGOyQ==</latexit>

10�1

<latexit sha1_base64="w60783IQmckxBMnv62g7RE2T/Jc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0YkmkoN4KXjxWsB/QxrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOltuc+ZhfetF8qu1V3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/d0rOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvudDLhCZsTEEsoUt7cSNqKKMmMTKtoQvOWXV0nrsurVqjf3tXK9ksdRgFM4gwp4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PReuak8+cwB84nz83d47H</latexit>

10�9

<latexit sha1_base64="1h110mLXscCnUDb1z/8cuI241jI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXAppbwIvHCOYBSQyzk9lkyOzsMtMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPd5cdSGHTdbye3sbm1vZPfLeztHxweFY9PWiZKNONNFslId3xquBSKN1Gg5J1Ycxr6krf9ye3cbz9xbUSkHnAa835IR0oEglG0UttzH9PL2mxQLLkVdwGyTryMlCBDY1D86g0jloRcIZPUmK7nxthPqUbBJJ8VeonhMWUTOuJdSxUNuemni3Nn5MIqQxJE2pZCslB/T6Q0NGYa+rYzpDg2q95c/M/rJhjc9FOh4gS5YstFQSIJRmT+OxkKzRnKqSWUaWFvJWxMNWVoEyrYELzVl9dJ66riVSu1+2qpXs7iyMMZnEMZPLiGOtxBA5rAYALP8ApvTuy8OO/Ox7I152Qzp/AHzucPQ5+Ozw==</latexit>

f / Hz

<latexit sha1_base64="27jWSZDZMHyaqjKj7nyzJafjqQo=">AAAB+XicbVBNSwMxEJ31s9avVY9egkXoqe5KQb0VvPRYwX5At5Rsmm1Dk+ySZAt16T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzwoQzbTzv29nY3Nre2S3sFfcPDo+O3ZPTlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+H7utydUaRbLRzNNaE/goWQRI9hYqe+6EQrQla0sUALVn2Z9t+RVvAXQOvFzUoIcjb77FQxikgoqDeFY667vJaaXYWUY4XRWDFJNE0zGeEi7lkosqO5li8tn6NIqAxTFypY0aKH+nsiw0HoqQtspsBnpVW8u/ud1UxPd9jImk9RQSZaLopQjE6N5DGjAFCWGTy3BRDF7KyIjrDAxNqyiDcFffXmdtK4rfrVy91At1cp5HAU4hwsogw83UIM6NKAJBCbwDK/w5mTOi/PufCxbN5x85gz+wPn8AVXLkh8=</latexit>

⌦gwh
2

<latexit sha1_base64="uRK9FnNplkoUs6pBPYnU/pXzaxA=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBG6KkkpqLuCG3dWsA9oY5hMJ+nQmUmYmSgh1F9x40IRt36IO//GaZuFth64cDjnXu69J0gYVdpxvq219Y3Nre3STnl3b//g0D467qo4lZh0cMxi2Q+QIowK0tFUM9JPJEE8YKQXTK5mfu+BSEVjcaezhHgcRYKGFCNtJN+uDG84iZCfDyWH0eMUju8bvl116s4ccJW4BamCAm3f/hqOYpxyIjRmSKmB6yTay5HUFDMyLQ9TRRKEJygiA0MF4kR5+fz4KTwzygiGsTQlNJyrvydyxJXKeGA6OdJjtezNxP+8QarDCy+nIkk1EXixKEwZ1DGcJQFHVBKsWWYIwpKaWyEeI4mwNnmVTQju8surpNuou8365W2z2qoVcZTACTgFNeCCc9AC16ANOgCDDDyDV/BmPVkv1rv1sWhds4qZCvgD6/MH/qiUSA==</latexit>

10�20

<latexit sha1_base64="vzDCflrGPlISqVPu6jHq/sm0KEU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByMeyGgHoLePEYwTwgWcPsZJIMmZ1dZ3qFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glgKg6777aytb2xubed28rt7+weHhaPjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDPzW09cGxGpe5zE3A/pUImBYBSt1Pbch/Si4k57haJbducgq8TLSBEy1HuFr24/YknIFTJJjel4box+SjUKJvk0300Mjykb0yHvWKpoyI2fzu+dknOr9Mkg0rYUkrn6eyKloTGTMLCdIcWRWfZm4n9eJ8HBlZ8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqK8DcFbfnmVNCtlr1q+vqsWa6UsjhycwhmUwINLqMEt1KEBDCQ8wyu8OY/Oi/PufCxa15xs5gT+wPn8Aah1jwI=</latexit>

10�15

<latexit sha1_base64="WtvnrYuHA0OX/dp2UmUK7qsc8CU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByMexKRL0FvHiMYB6QrGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKLc99SM+8i0m3UHTL7gxkmXgZKUKGWrfw1elFLAlRGiao1m3PjY2fUmU4EzjJdxKNMWUjOsC2pZKGqP10du+EnFqlR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/5adcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNM7LXqV8fVcpVktZHDk4hhMogQeXUIVbqEEdGAh4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A66IjwY=</latexit>

10�10

<latexit sha1_base64="8btYIXoZwH4YMbTVtMw2PQiwSzM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoOQi2FXAuot4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqe25D+m55057xZJbcecgq8TLSAky1HvFr24/YknIFTJJjel4box+SjUKJvm00E0Mjykb0yHvWKpoyI2fzu+dkjOr9Mkg0rYUkrn6eyKloTGTMLCdIcWRWfZm4n9eJ8HBlZ8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8qXrVyfVct1cpZHHk4gVMogweXUINbqEMDGEh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AabvjwE=</latexit>

10�5

<latexit sha1_base64="LdzvhgUQX+2ufWuhdFuHZ/eXbBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXIuot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fPYuOyw==</latexit>

✏ =
10
�6

<latexit sha1_base64="fG7zAohhJQH4sjcaIZHpszsstQg=">AAAB+XicdVBNS8NAEJ34WetX1KOXxSp4sSRSqz0IBS8eK9gPaGPZbDft0s0m7G4KJfSfePGgiFf/iTf/jds2QhV9MPB4b4aZeX7MmdKO82ktLa+srq3nNvKbW9s7u/befkNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vBm6jdHVCoWiXs9jqkX4r5gASNYG6lr2x0aK8Yjce06D+lZedK1C07RmQEtkAvHrZRd5GZKATLUuvZHpxeRJKRCE46VartOrL0US80Ip5N8J1E0xmSI+7RtqMAhVV46u3yCTozSQ0EkTQmNZuriRIpDpcahbzpDrAfqtzcV//LaiQ6uvJSJONFUkPmiIOFIR2gaA+oxSYnmY0MwkczcisgAS0y0CStvQvj+FP1PGudFt1Ss3JUK1eMsjhwcwhGcgguXUIVbqEEdCIzgEZ7hxUqtJ+vVepu3LlnZzAH8gPX+BbRmkvw=</latexit>

✏ =
10
�8

<latexit sha1_base64="VuDQCfWC2oVZU4hqQPFL0trlMBY=">AAAB+XicdVBNS8NAEJ34WetX1KOXxSp4sSRStT0IBS8eK9gPaGPZbDft0s0m7G4KJfSfePGgiFf/iTf/jds2QhV9MPB4b4aZeX7MmdKO82ktLa+srq3nNvKbW9s7u/befkNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vBm6jdHVCoWiXs9jqkX4r5gASNYG6lr2x0aK8Yjce06D+lZedK1C07RmQEtkAvHrVy6yM2UAmSode2PTi8iSUiFJhwr1XadWHsplpoRTif5TqJojMkQ92nbUIFDqrx0dvkEnRilh4JImhIazdTFiRSHSo1D33SGWA/Ub28q/uW1Ex2UvZSJONFUkPmiIOFIR2gaA+oxSYnmY0MwkczcisgAS0y0CStvQvj+FP1PGudFt1Ss3JUK1eMsjhwcwhGcggtXUIVbqEEdCIzgEZ7hxUqtJ+vVepu3LlnZzAH8gPX+Bbdwkv4=</latexit>

✏ =
10
�1

0

<latexit sha1_base64="c8oaDvi9qbfl01FnpQDRbxUKtss=">AAAB+nicdVDLSgMxFM3UV62vqS7dBKvgxpJIfXQhFNy4rGAf0I4lk6ZtaCYzJBmljP0UNy4UceuXuPNvTNsRquiBC4dz7uXee/xIcG0Q+nQyC4tLyyvZ1dza+sbmlpvfruswVpTVaChC1fSJZoJLVjPcCNaMFCOBL1jDH15O/MYdU5qH8saMIuYFpC95j1NirNRx820WaS5CeYHRbXKE0bjjFlARTQHnyAnC5VMMcaoUQIpqx/1od0MaB0waKojWLYwi4yVEGU4FG+fasWYRoUPSZy1LJQmY9pLp6WN4YJUu7IXKljRwqs5PJCTQehT4tjMgZqB/exPxL68Vm965l3AZxYZJOlvUiwU0IZzkALtcMWrEyBJCFbe3QjogilBj08rZEL4/hf+T+nERl4rl61Khsp/GkQW7YA8cAgzOQAVcgSqoAQruwSN4Bi/Og/PkvDpvs9aMk87sgB9w3r8AIBiTMQ==</latexit>

✏ =
10
�1

2

<latexit sha1_base64="BidAj38aBYcTYw1kGrrjVAgkqdI=">AAAB+nicdVDLSgMxFM34rPU11aWbYBXcWCalProQCm5cVrAPaMeSSdM2NJMMSUYpYz/FjQtF3Pol7vwb03aEKnrgwuGce7n3niDiTBvP+3QWFpeWV1Yza9n1jc2tbTe3U9cyVoTWiORSNQOsKWeC1gwznDYjRXEYcNoIhpcTv3FHlWZS3JhRRP0Q9wXrMYKNlTpurk0jzbgUF8i7TY5Rcdxx817BmwLOkRMPlU8RRKmSBymqHfej3ZUkDqkwhGOtW8iLjJ9gZRjhdJxtx5pGmAxxn7YsFTik2k+mp4/hoVW6sCeVLWHgVJ2fSHCo9SgMbGeIzUD/9ibiX14rNr1zP2Eiig0VZLaoF3NoJJzkALtMUWL4yBJMFLO3QjLAChNj08raEL4/hf+TerGASoXydSlfOUjjyIA9sA+OAAJnoAKuQBXUAAH34BE8gxfnwXlyXp23WeuCk87sgh9w3r8AIyKTMw==</latexit>

N. Craig, IGG, G. Koszegi, A. McCune, arXiv:2012.13416



Gravitational wave signal
Two main quantities characterize the resulting gravitational wave signal:

• Peak frequency determined by typical radius of  domain walls:

• Strength:

R ⇠ H
�1 ⇠ t⇤

<latexit sha1_base64="nl2fZ2LJ/V0wih/IkWtJ0PKMrvU=">AAAB/3icbZDLSsNAFIZP6q3WW1Rw42awCCJYEimo4KLgpssq9gJtDJPptB06mYSZiVBiF76KGxeKuPU13Pk2TtsstPrDwMd/zuGc+YOYM6Ud58vKLSwuLa/kVwtr6xubW/b2TkNFiSS0TiIeyVaAFeVM0LpmmtNWLCkOA06bwfBqUm/eU6lYJG71KKZeiPuC9RjB2li+vXeDOoqFqHqXnrjjGWv/2LeLTsmZCv0FN4MiZKr59menG5EkpEITjpVqu06svRRLzQin40InUTTGZIj7tG1Q4JAqL53eP0aHxumiXiTNExpN3Z8TKQ6VGoWB6QyxHqj52sT8r9ZOdO/cS5mIE00FmS3qJRzpCE3CQF0mKdF8ZAATycytiAywxESbyAomBHf+y3+hcVpyy6WL63KxcpnFkYd9OIAjcOEMKlCFGtSBwAM8wQu8Wo/Ws/Vmvc9ac1Y2swu/ZH18A7oalKI=</latexit>

⇢gw ⇠ GN�2

<latexit sha1_base64="TPC5RrmMvABgqlHFeatgpCPu390=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkpSCiq4KLjQlVSwF2himEwn6dCZJMxMlBK6dOOruHGhiFsfwZ1v46TNQlt/GPj4zzmcOb+fMCqVZX0bC4tLyyurpbXy+sbm1ra5s9uWcSowaeGYxaLrI0kYjUhLUcVINxEEcZ+Rjj+8yOudeyIkjaNbNUqIy1EY0YBipLTlmQeOGMRe5ggOw4cxdCTl8NK7ziHk6K7mmRWrak0E58EuoAIKNT3zy+nHOOUkUpghKXu2lSg3Q0JRzMi47KSSJAgPUUh6GiPEiXSzySFjeKSdPgxioV+k4MT9PZEhLuWI+7qTIzWQs7Xc/K/WS1Vw6mY0SlJFIjxdFKQMqhjmqcA+FQQrNtKAsKD6rxAPkEBY6ezKOgR79uR5aNeqdr16dlOvNM6LOEpgHxyCY2CDE9AAV6AJWgCDR/AMXsGb8WS8GO/Gx7R1wShm9sAfGZ8/nsaZEg==</latexit>

The smaller    , the later the collapse takes place✏

<latexit sha1_base64="ZLSTDDVtzMIhpji/7GYtVJojn+Q=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIKHghePFewHtKFstpN26WYTdzdCCf0TXjwo4tW/481/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qs1OlhormIZb9ccavuHGSVeDmpQI5Gv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+75ScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY8GXCFzIiJJZQpbm8lbEQVZcZGVLIheMsvr5LWRdWrVa/va5X6TR5HEU7gFM7Bg0uowx00oAkMBDzDK7w5j86L8+58LFoLTj5zDH/gfP4ATuOQJg==</latexit>

)

<latexit sha1_base64="vQR7CsoBCcPd64yylbZsFGmWG3M=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUMFDwYvHKvYD0lA22027dJMNuxOllP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hZXVtfaO4Wdra3tndK+8fNI3KNOMNpqTS7ZAaLkXCGyhQ8naqOY1DyVvh8Gbqtx65NkIlDzhKeRDTfiIiwShaye/ci/4AqdbqqVuuuFV3BrJMvJxUIEe9W/7q9BTLYp4gk9QY33NTDMZUo2CST0qdzPCUsiHtc9/ShMbcBOPZyRNyYpUeiZS2lSCZqb8nxjQ2ZhSHtjOmODCL3lT8z/MzjC6DsUjSDHnC5ouiTBJUZPo/6QnNGcqRJZRpYW8lbEA1ZWhTKtkQvMWXl0nzrOqdV6/uziu16zyOIhzBMZyCBxdQg1uoQwMYKHiGV3hz0Hlx3p2PeWvByWcO4Q+czx+TLZFz</latexit>

lower frequency, stronger signal (less redshift)

network�collapsetypical�domain�wall�radius



10-9 10-6 0.001 1

10-19

10-16

10-13

10-10

10-7

10�7

<latexit sha1_base64="ihLy0YAaNfVjSNX/HFy/cDJPNgQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXAtFbwIvHCOYBSQyzk9lkyOzsMtMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPd5cdSGHTdbye3sbm1vZPfLeztHxweFY9PWiZKNONNFslId3xquBSKN1Gg5J1Ycxr6krf9ye3cbz9xbUSkHnAa835IR0oEglG0UttzH9PL2mxQLLkVdwGyTryMlCBDY1D86g0jloRcIZPUmK7nxthPqUbBJJ8VeonhMWUTOuJdSxUNuemni3Nn5MIqQxJE2pZCslB/T6Q0NGYa+rYzpDg2q95c/M/rJhhc91Oh4gS5YstFQSIJRmT+OxkKzRnKqSWUaWFvJWxMNWVoEyrYELzVl9dJ66riVSs399VSvZzFkYczOIcyeFCDOtxBA5rAYALP8ApvTuy8OO/Ox7I152Qzp/AHzucPQJWOzQ==</latexit>

✏ =
10
�1

2

<latexit sha1_base64="BidAj38aBYcTYw1kGrrjVAgkqdI=">AAAB+nicdVDLSgMxFM34rPU11aWbYBXcWCalProQCm5cVrAPaMeSSdM2NJMMSUYpYz/FjQtF3Pol7vwb03aEKnrgwuGce7n3niDiTBvP+3QWFpeWV1Yza9n1jc2tbTe3U9cyVoTWiORSNQOsKWeC1gwznDYjRXEYcNoIhpcTv3FHlWZS3JhRRP0Q9wXrMYKNlTpurk0jzbgUF8i7TY5Rcdxx817BmwLOkRMPlU8RRKmSBymqHfej3ZUkDqkwhGOtW8iLjJ9gZRjhdJxtx5pGmAxxn7YsFTik2k+mp4/hoVW6sCeVLWHgVJ2fSHCo9SgMbGeIzUD/9ibiX14rNr1zP2Eiig0VZLaoF3NoJJzkALtMUWL4yBJMFLO3QjLAChNj08raEL4/hf+TerGASoXydSlfOUjjyIA9sA+OAAJnoAKuQBXUAAH34BE8gxfnwXlyXp23WeuCk87sgh9w3r8AIyKTMw==</latexit>

10�5

<latexit sha1_base64="LdzvhgUQX+2ufWuhdFuHZ/eXbBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXIuot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fPYuOyw==</latexit>

10�3

<latexit sha1_base64="V8RJqb6g+JHFAnjqfzN6sPvC7R8=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXA+ot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fOoGOyQ==</latexit>

10�1

<latexit sha1_base64="w60783IQmckxBMnv62g7RE2T/Jc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSL0YkmkoN4KXjxWsB/QxrLZTtqlm03Y3Qgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GtzO//YRK81g+mEmCfkSHkoecUWOltuc+ZhfetF8qu1V3DrJKvJyUIUejX/rqDWKWRigNE1Trrucmxs+oMpwJnBZ7qcaEsjEdYtdSSSPUfjY/d0rOrTIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/9jMskNSjZYlGYCmJiMvudDLhCZsTEEsoUt7cSNqKKMmMTKtoQvOWXV0nrsurVqjf3tXK9ksdRgFM4gwp4cAV1uIMGNIHBGJ7hFd6cxHlx3p2PReuak8+cwB84nz83d47H</latexit>

10�9

<latexit sha1_base64="1h110mLXscCnUDb1z/8cuI241jI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXAppbwIvHCOYBSQyzk9lkyOzsMtMrhCUf4cWDIl79Hm/+jZNkD5pY0FBUddPd5cdSGHTdbye3sbm1vZPfLeztHxweFY9PWiZKNONNFslId3xquBSKN1Gg5J1Ycxr6krf9ye3cbz9xbUSkHnAa835IR0oEglG0UttzH9PL2mxQLLkVdwGyTryMlCBDY1D86g0jloRcIZPUmK7nxthPqUbBJJ8VeonhMWUTOuJdSxUNuemni3Nn5MIqQxJE2pZCslB/T6Q0NGYa+rYzpDg2q95c/M/rJhjc9FOh4gS5YstFQSIJRmT+OxkKzRnKqSWUaWFvJWxMNWVoEyrYELzVl9dJ66riVSu1+2qpXs7iyMMZnEMZPLiGOtxBA5rAYALP8ApvTuy8OO/Ox7I152Qzp/AHzucPQ5+Ozw==</latexit>

f⇤ / Hz

<latexit sha1_base64="Q7brcuEmZDh8kxjLHf9DZT38ZGU=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxCcVFnpKDuCm66rGAf0BmGTJppQ5PMkGSEdij+ihsXirj1P9z5N2baLrT1wL0czrmX3JwwYVRpx/m2CmvrG5tbxe3Szu7e/oF9eNRWcSoxaeGYxbIbIkUYFaSlqWakm0iCeMhIJxzd5X7nkUhFY/GgxwnxORoIGlGMtJEC+yQKLqAH4WXeMk9y2JhMA7vsVJ0Z4CpxF6QMFmgG9pfXj3HKidCYIaV6rpNoP0NSU8zItOSliiQIj9CA9AwViBPlZ7Prp/DcKH0YxdKU0HCm/t7IEFdqzEMzyZEeqmUvF//zeqmObvyMiiTVROD5Q1HKoI5hHgXsU0mwZmNDEJbU3ArxEEmEtQmsZEJwl7+8StpXVbdWvb2vleuVRRxFcArOQAW44BrUQQM0QQtgMAHP4BW8WU/Wi/VufcxHC9Zi5xj8gfX5AyrQkxA=</latexit>

LISA

DECIGO

NGEPTA

SKA-20

SKA-10

SKA-5

✏ =
10
�6

<latexit sha1_base64="fG7zAohhJQH4sjcaIZHpszsstQg=">AAAB+XicdVBNS8NAEJ34WetX1KOXxSp4sSRSqz0IBS8eK9gPaGPZbDft0s0m7G4KJfSfePGgiFf/iTf/jds2QhV9MPB4b4aZeX7MmdKO82ktLa+srq3nNvKbW9s7u/befkNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vBm6jdHVCoWiXs9jqkX4r5gASNYG6lr2x0aK8Yjce06D+lZedK1C07RmQEtkAvHrZRd5GZKATLUuvZHpxeRJKRCE46VartOrL0US80Ip5N8J1E0xmSI+7RtqMAhVV46u3yCTozSQ0EkTQmNZuriRIpDpcahbzpDrAfqtzcV//LaiQ6uvJSJONFUkPmiIOFIR2gaA+oxSYnmY0MwkczcisgAS0y0CStvQvj+FP1PGudFt1Ss3JUK1eMsjhwcwhGcgguXUIVbqEEdCIzgEZ7hxUqtJ+vVepu3LlnZzAH8gPX+BbRmkvw=</latexit>

✏ =
10
�8

<latexit sha1_base64="VuDQCfWC2oVZU4hqQPFL0trlMBY=">AAAB+XicdVBNS8NAEJ34WetX1KOXxSp4sSRStT0IBS8eK9gPaGPZbDft0s0m7G4KJfSfePGgiFf/iTf/jds2QhV9MPB4b4aZeX7MmdKO82ktLa+srq3nNvKbW9s7u/befkNFiSS0TiIeyZaPFeVM0LpmmtNWLCkOfU6b/vBm6jdHVCoWiXs9jqkX4r5gASNYG6lr2x0aK8Yjce06D+lZedK1C07RmQEtkAvHrVy6yM2UAmSode2PTi8iSUiFJhwr1XadWHsplpoRTif5TqJojMkQ92nbUIFDqrx0dvkEnRilh4JImhIazdTFiRSHSo1D33SGWA/Ub28q/uW1Ex2UvZSJONFUkPmiIOFIR2gaA+oxSYnmY0MwkczcisgAS0y0CStvQvj+FP1PGudFt1Ss3JUK1eMsjhwcwhGcggtXUIVbqEEdCIzgEZ7hxUqtJ+vVepu3LlnZzAH8gPX+Bbdwkv4=</latexit>

✏ =
10
�1

0

<latexit sha1_base64="c8oaDvi9qbfl01FnpQDRbxUKtss=">AAAB+nicdVDLSgMxFM3UV62vqS7dBKvgxpJIfXQhFNy4rGAf0I4lk6ZtaCYzJBmljP0UNy4UceuXuPNvTNsRquiBC4dz7uXee/xIcG0Q+nQyC4tLyyvZ1dza+sbmlpvfruswVpTVaChC1fSJZoJLVjPcCNaMFCOBL1jDH15O/MYdU5qH8saMIuYFpC95j1NirNRx820WaS5CeYHRbXKE0bjjFlARTQHnyAnC5VMMcaoUQIpqx/1od0MaB0waKojWLYwi4yVEGU4FG+fasWYRoUPSZy1LJQmY9pLp6WN4YJUu7IXKljRwqs5PJCTQehT4tjMgZqB/exPxL68Vm965l3AZxYZJOlvUiwU0IZzkALtcMWrEyBJCFbe3QjogilBj08rZEL4/hf+T+nERl4rl61Khsp/GkQW7YA8cAgzOQAVcgSqoAQruwSN4Bi/Og/PkvDpvs9aMk87sgB9w3r8AIBiTMQ==</latexit>

v
�
=
18

T
eV

<latexit sha1_base64="0jJPVAZGpa6orn/g2fgRPa4YH+k=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARuiqJFKwLoeDGZYW+oAlhMp20Q2cmYWZSKCEbf8WNC0Xc+hnu/BunbRbaeuDC4Zx7ufeeMGFUacf5tjY2t7Z3dkt75f2Dw6Nj++S0q+JUYtLBMYtlP0SKMCpIR1PNSD+RBPGQkV44uZ/7vSmRisairWcJ8TkaCRpRjLSRAvt8GnjJmMI76DagBzNPctgm3TywK07NWQCuE7cgFVCgFdhf3jDGKSdCY4aUGrhOov0MSU0xI3nZSxVJEJ6gERkYKhAnys8WD+TwyihDGMXSlNBwof6eyBBXasZD08mRHqtVby7+5w1SHTX8jIok1UTg5aIoZVDHcJ4GHFJJsGYzQxCW1NwK8RhJhLXJrGxCcFdfXifd65pbr90+1ivNahFHCVyAS1AFLrgBTfAAWqADMMjBM3gFb9aT9WK9Wx/L1g2rmDkDf2B9/gBBuJTZ</latexit>

v
�
=
3.5 · 10 4

T
eV

<latexit sha1_base64="fAYtpZmwXwokC+Cqt2M3geyFkoU=">AAACDHicbVDLSgMxFM34rPVVdekmWISuhhmtqAuh4MZlhb6gM5ZMJtOGZpIhyRTK0A9w46+4caGIWz/AnX9j2s5CWw8EDuecy809QcKo0o7zba2srq1vbBa2its7u3v7pYPDlhKpxKSJBROyEyBFGOWkqalmpJNIguKAkXYwvJ367RGRigre0OOE+DHqcxpRjLSReqXyqOclAwpv4Ll9AT0cCg1d56EKPZh5MoYN0pqYlGM7M8Bl4uakDHLUe6UvLxQ4jQnXmCGluq6TaD9DUlPMyKTopYokCA9Rn3QN5Sgmys9mx0zgqVFCGAlpHtdwpv6eyFCs1DgOTDJGeqAWvan4n9dNdXTlZ5QnqSYczxdFKYNawGkzMKSSYM3GhiAsqfkrxAMkEdamv6IpwV08eZm0zmy3al/fV8u1Sl5HARyDE1ABLrgENXAH6qAJMHgEz+AVvFlP1ov1bn3MoytWPnME/sD6/AGLQZi3</latexit>

10�20

<latexit sha1_base64="vzDCflrGPlISqVPu6jHq/sm0KEU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByMeyGgHoLePEYwTwgWcPsZJIMmZ1dZ3qFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glgKg6777aytb2xubed28rt7+weHhaPjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDPzW09cGxGpe5zE3A/pUImBYBSt1Pbch/Si4k57haJbducgq8TLSBEy1HuFr24/YknIFTJJjel4box+SjUKJvk0300Mjykb0yHvWKpoyI2fzu+dknOr9Mkg0rYUkrn6eyKloTGTMLCdIcWRWfZm4n9eJ8HBlZ8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqK8DcFbfnmVNCtlr1q+vqsWa6UsjhycwhmUwINLqMEt1KEBDCQ8wyu8OY/Oi/PufCxa15xs5gT+wPn8Aah1jwI=</latexit>

10�15

<latexit sha1_base64="WtvnrYuHA0OX/dp2UmUK7qsc8CU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBByMexKRL0FvHiMYB6QrGF20kmGzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSy4Nq777aysrq1vbOa28ts7u3v7hYPDho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGN1O/+YRK80jem3GMfkgHkvc5o8ZKLc99SM+8i0m3UHTL7gxkmXgZKUKGWrfw1elFLAlRGiao1m3PjY2fUmU4EzjJdxKNMWUjOsC2pZKGqP10du+EnFqlR/qRsiUNmam/J1Iaaj0OA9sZUjPUi95U/M9rJ6Z/5adcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNM7LXqV8fVcpVktZHDk4hhMogQeXUIVbqEEdGAh4hld4cx6dF+fd+Zi3rjjZzBH8gfP5A66IjwY=</latexit>

10�10

<latexit sha1_base64="8btYIXoZwH4YMbTVtMw2PQiwSzM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoOQi2FXAuot4MVjBPOAZA2zk0kyZHZ2nekVwpKf8OJBEa/+jjf/xkmyB00saCiquunuCmIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTRMlmvEGi2Sk2wE1XArFGyhQ8nasOQ0DyVvB+Gbmt564NiJS9ziJuR/SoRIDwShaqe25D+m55057xZJbcecgq8TLSAky1HvFr24/YknIFTJJjel4box+SjUKJvm00E0Mjykb0yHvWKpoyI2fzu+dkjOr9Mkg0rYUkrn6eyKloTGTMLCdIcWRWfZm4n9eJ8HBlZ8KFSfIFVssGiSSYERmz5O+0JyhnFhCmRb2VsJGVFOGNqKCDcFbfnmVNC8qXrVyfVct1cpZHHk4gVMogweXUINbqEMDGEh4hld4cx6dF+fd+Vi05pxs5hj+wPn8AabvjwE=</latexit>

10�5

<latexit sha1_base64="LdzvhgUQX+2ufWuhdFuHZ/eXbBg=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoOQi2FXIuot4MVjBPOAZA2zk04yZHZ2mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpKFMMGi0Sk2gHVKLjEhuFGYDtWSMNAYCsY38781hMqzSP5YCYx+iEdSj7gjBortTz3MT2/nPaKJbfizkFWiZeREmSo94pf3X7EkhClYYJq3fHc2PgpVYYzgdNCN9EYUzamQ+xYKmmI2k/n507JmVX6ZBApW9KQufp7IqWh1pMwsJ0hNSO97M3E/7xOYgbXfsplnBiUbLFokAhiIjL7nfS5QmbExBLKFLe3EjaiijJjEyrYELzll1dJ86LiVSs399VSrZzFkYcTOIUyeHAFNbiDOjSAwRie4RXenNh5cd6dj0VrzslmjuEPnM8fPYuOyw==</latexit>

⌦gwh
2(f⇤)

<latexit sha1_base64="Y8hHRUM3YYu7fgXFiAL2yBMzZ8w=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iE6qIkpaDuCm7cWcE+oIlhMp2kQ2eSMDNRSihu/BU3LhRx61e482+ctllo64ELh3Pu5d57/IRRqSzr2ygsLa+srhXXSxubW9s75u5eW8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr+8HLid+6JkDSObtUoIS5HYUQDipHSkmceONechMjLHMFh+DCGg7sarATe6Ylnlq2qNQVcJHZOyiBH0zO/nH6MU04ihRmSsmdbiXIzJBTFjIxLTipJgvAQhaSnaYQ4kW42fWEMj7XSh0EsdEUKTtXfExniUo64rzs5UgM5703E/7xeqoJzN6NRkioS4dmiIGVQxXCSB+xTQbBiI00QFlTfCvEACYSVTq2kQ7DnX14k7VrVrlcvburlRiWPowgOwRGoABucgQa4Ak3QAhg8gmfwCt6MJ+PFeDc+Zq0FI5/ZB39gfP4AIFSV5A==</latexit>

Gravitational wave signal

N. Craig, IGG, G. Koszegi, A. McCune, arXiv:2012.13416



UV completion
Albaid, Dine, Draper, 1510.03392 

A full solution to the strong CP problem must solve the 
hierarchy problem without spoiling the solution to strong CP

true�also�for�other�solutions�to�the�strong�CP�problem
(�e.g.�QCD�axion,�also�requires�stabilizing�the�PQ�scale�)

e.g. supersymmetry tends to spoil the protection of      since additional 
parameters in the scalar potential can introduce new phases
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an�urgent�open�problem�for�these�models



Conclusions
Parity-symmetric theories can provide an 

attractive solution to the strong CP problem

They are robust against the breaking of  global 
symmetries expected in a gravitational UV-completion

unlike�the�QCD�axion!

Experimental implications for a wide range of  experiments, not only 
colliders but also EDM experiments and gravitational wave observatories

Many open questions, and an opportunity in 
light of  experimental progress in near future



Thank you!


