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AXION-MATTER COUPLINGS AT FINITE DENSITY
Why do we care?

Astrophysical axion bounds: Star cooling, SN1987A,..

Axion Nucleon coupling

Is a linear combination of:

cN
@µa

2fa
N̄�µ�5N, N = p, n

<latexit sha1_base64="YwOkTNAAXLEOUyZi0CGkGp4HCKo="></latexit>

cN
<latexit sha1_base64="4cMOOKROg+OGS6ZSJfHQCazGlxQ=">AAAB6nicbVDLSgNBEOzxGRMfMR69DEYhp7AbD3qSgBdPEtE8IFnC7GQ2GTI7u8zMCmGJX6AXD0rw6hd582+cPA6aWNBQVHXT3eXHgmvjON9obX1jc2s7s5PN7e7tH+QPCw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sPrqd98ZErzSD6YUcy8kPQlDzglxkr3tHvbzRedsjMDXiXughSrhcnzU+k0V+vmvzq9iCYhk4YKonXbdWLjpUQZTgUbZzuJZjGhQ9JnbUslCZn20tmpY3xmlR4OImVLGjxTf0+kJNR6FPq2MyRmoJe9qfif105McOmlXMaJYZLOFwWJwCbC079xjytGjRhZQqji9lZMB0QRamw6WRuCu/zyKmlUyu55uXJn07iCOTJwDCdQAhcuoAo3UIM6UOjDC7zBOxLoFU3Qx7x1DS1mjuAP0OcPLzCP8A==</latexit>

Hadronic matrix elements

sµ�q = hp| q̄�µ�5q |pi
<latexit sha1_base64="zS0Bh5J6WzQ65dwZnpZKCfU7PVo="></latexit>

Ratio of quark masses

cIRq = Cqq0(c
0
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AXION-MATTER COUPLINGS AT FINITE DENSITY

Hadronic matrix elements

sµ�q = hp| q̄�µ�5q |pi
<latexit sha1_base64="zS0Bh5J6WzQ65dwZnpZKCfU7PVo="></latexit>

Ratio of quark masses
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CHANGE AT FINITE DENSITY!
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AXION-MATTER COUPLINGS AT FINITE DENSITY

Hadronic matrix elements

sµ�q = hp| q̄�µ�5q |pi
<latexit sha1_base64="zS0Bh5J6WzQ65dwZnpZKCfU7PVo="></latexit>

Ratio of quark masses

cIRq = Cqq0(c
0
q � (Q⇤

a)q)
<latexit sha1_base64="IiZBtHkt9XBT36cKLFAcUlXC0+4="></latexit>

CHANGE AT FINITE DENSITY!

- interactions get quenched⇡0N
<latexit sha1_base64="ELdolQxg4rVxG9FzKSaVFeWwSAE=">AAAB7XicbZDLSgMxFIbP1Futt6pLN8EiuCoz7UJXWnDjSirYC7RjyaSZNjaTDElGKEPfwY0LRdz6IL6BO9/GdNqFtv4Q+Pj/c8g5J4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo6tp3nqkSjMp7sw4pn6EB4KFjGBjrWY3ZvfuTa9YcstuJrQM3hxKl5/VTPVe8avblySJqDCEY607nhsbP8XKMMLppNBNNI0xGeEB7VgUOKLaT7NpJ+jEOn0USmWfMChzf3ekONJ6HAW2MsJmqBezqflf1klMeO6nTMSJoYLMPgoTjoxE09VRnylKDB9bwEQxOysiQ6wwMfZABXsEb3HlZWhWyl61XLl1S7ULmCkPR3AMp+DBGdTgGurQAAIP8AQv8OpI59l5c95npTln3nMIf+R8/AAIJ5D3</latexit>
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AXION-MATTER COUPLINGS AT FINITE DENSITY

Hadronic matrix elements

sµ�q = hp| q̄�µ�5q |pi
<latexit sha1_base64="zS0Bh5J6WzQ65dwZnpZKCfU7PVo="></latexit>

Ratio of quark masses

cIRq = Cqq0(c
0
q � (Q⇤

a)q)
<latexit sha1_base64="IiZBtHkt9XBT36cKLFAcUlXC0+4="></latexit>

CHANGE AT FINITE DENSITY!
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n

<latexit sha1_base64="mvMjg+tszVYqvfqoPE9qaYIgto4="></latexit>

Naively, small correction:

hūuin0⌦
d̄d

↵
n0

� 1 = 0.07

<latexit sha1_base64="/so9kUIjNFMi/ZCEr/i22eYxQWo="></latexit>
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Accidental cancellation: correction O(1)

<latexit sha1_base64="Fy3ngxYGV0MKLr/7vHV9r5aOYAg=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsxIQVdScOPOCvYB7VgyaaYNzSRDklHK0P9w40IRt/6LO//GTDsLbT0QOJxzL/fkBDFn2rjut7Oyura+sVnYKm7v7O7tlw4OW1omitAmkVyqToA15UzQpmGG006sKI4CTtvB+Drz249UaSbFvZnE1I/wULCQEWys9NCLsBkRzNPbacU765fKbtWdAS0TLydlyNHol756A0mSiApDONa667mx8VOsDCOcTou9RNMYkzEe0q6lAkdU++ks9RSdWmWAQqnsEwbN1N8bKY60nkSBncxS6kUvE//zuokJL/2UiTgxVJD5oTDhyEiUVYAGTFFi+MQSTBSzWREZYYWJsUUVbQne4peXSeu86tWqtbtauX6V11GAYziBCnhwAXW4gQY0gYCCZ3iFN+fJeXHenY/56IqT7xzBHzifP8ijkgg=</latexit>

cn ' �0.02

<latexit sha1_base64="34pGL/mEgsy3BxV2osmV44sm6LA=">AAAB+HicbVDLSgMxFM34rPXRUZdugkVwY5kpBV0W3bisYB/QDkMmvdOGJpkxyQi19EvcuFDErZ/izr8xbWehrQcu93DOveTmRCln2njet7O2vrG5tV3YKe7u7R+U3MOjlk4yRaFJE56oTkQ0cCahaZjh0EkVEBFxaEejm5nffgSlWSLvzTiFQJCBZDGjxFgpdEs0lD3NBDzgC6/iVUO3bNsceJX4OSmjHI3Q/er1E5oJkIZyonXX91ITTIgyjHKYFnuZhpTQERlA11JJBOhgMj98is+s0sdxomxJg+fq740JEVqPRWQnBTFDvezNxP+8bmbiq2DCZJoZkHTxUJxxbBI8SwH3mQJq+NgSQhWzt2I6JIpQY7Mq2hD85S+vkla14tcqtbtauX6dx1FAJ+gUnSMfXaI6ukUN1EQUZegZvaI358l5cd6dj8XompPvHKM/cD5/AP2ykgA=</latexit>



AXION-MATTER COUPLINGS AT FINITE DENSITY
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Emission rates for NS via axion bremmsstrahlung: �a ⇠ c4N

<latexit sha1_base64="GwuoYwIwReTXAxfJWQviHnx0pBY=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVBIp6EkKHvQkFewHNDFMtpt26W4SdjdiCf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXphyprTjfFsrq2vrG5ulrfL2zu7evn1Qaaskk4S2SMIT2Q1BUc5i2tJMc9pNJQURctoJR1dTv/NIpWJJfK/HKfUFDGIWMQLaSIFd8a5BCAjAU0xgEtw+1AO76tScGfAycQtSRQWagf3l9ROSCRprwkGpnuuk2s9BakY4nZS9TNEUyAgGtGdoDIIqP5/dPsEnRunjKJGmYo1n6u+JHIRSYxGaTgF6qBa9qfif18t0dOHnLE4zTWMyXxRlHOsET4PAfSYp0XxsCBDJzK2YDEEC0SausgnBXXx5mbTPam69Vr+rVxuXRRwldISO0Sly0TlqoBvURC1E0BN6Rq/ozZpYL9a79TFvXbGKmUP0B9bnDwm1k8g=</latexit>

Should change astrophysical axion bounds



SOURCING OBSERVABLES

Toy model: Axion gets sourced inside a neutron star for r < rc

<latexit sha1_base64="uPq4IN53PvgzVbGsi+uaT4ihthA=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KokU9CBS8OKxgmkLbSib7aRdutmE3Y1QQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6aCa+O6387a+sbm1nZpp7y7t39wWDk6bukkUwx9lohEdUKqUXCJvuFGYCdVSONQYDsc38389hMqzRP5aCYpBjEdSh5xRo2VfHWj+qxfqbo1dw6ySryCVKFAs1/56g0SlsUoDRNU667npibIqTKcCZyWe5nGlLIxHWLXUklj1EE+P3ZKzq0yIFGibElD5urviZzGWk/i0HbG1Iz0sjcT//O6mYmug5zLNDMo2WJRlAliEjL7nAy4QmbExBLKFLe3EjaiijJj8ynbELzll1dJ67Lm1Wv1h3q1cVvEUYJTOIML8OAKGnAPTfCBAYdneIU3RzovzrvzsWhdc4qZE/gD5/MHo3uOkQ==</latexit>

Numerically solve EOMs for Axion 
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SOURCING OBSERVABLES
Vacuum energy:

Potential energy shift: �V ⇠ �2f2
a (m

2
a)in

<latexit sha1_base64="HL8nvnWD9AoNICI0v8bB38e4OcQ=">AAACEHicbVDLSgMxFM34rPVVdekmWERdWGZKQVdS0IXLCrYKnTpk0jttMJkZkjtiGfoJbvwVNy4UcevSnX9jWrvwdSDhcM69JOeEqRQGXffDmZqemZ2bLywUF5eWV1ZLa+stk2SaQ5MnMtGXITMgRQxNFCjhMtXAVCjhIrw+HvkXN6CNSOJzHKTQUawXi0hwhlYKSjv+CUhktOUboeh+NQrYVXVXje69IPcRbjEX8XAYlMpuxR2D/iXehJTJBI2g9O53E54piJFLZkzbc1Ps5Eyj4BKGRT8zkDJ+zXrQtjRmCkwnHwca0m2rdGmUaHtipGP1+0bOlDEDFdpJxbBvfnsj8T+vnWF02LGB0gwh5l8PRZmkmNBRO7QrNHCUA0sY18L+lfI+04yj7bBoS/B+R/5LWtWKV6vUzmrl+tGkjgLZJFtkl3jkgNTJKWmQJuHkjjyQJ/Ls3DuPzovz+jU65Ux2NsgPOG+fPsecHw==</latexit>

Effects on neutron star EOS               : ptotalin = pm ��V

<latexit sha1_base64="Xs0T/0y0dGC6KXPLzz42E6otmW4=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0HQwrArAW2UgBaWCiYK2XWZndzokNkHM3fFsOw32PgrNhaK2FrZ+TdO4ha+DgycOedeZs4JUyk0Os6HVZmYnJqeqc7W5uYXFpfs5ZWOTjLFoc0TmaiLkGmQIoY2CpRwkSpgUSjhPBwcjvzzG1BaJPEZDlPwI3YVi77gDI0U2FvpZe4h3GKOCTJZFEF5FXFR7KdBtO0dgURGO4FddxrOGPQvcUtSJyVOAvvd6yU8iyBGLpnWXddJ0c+ZQsElFDUv05AyPmBX0DU0ZhFoPx9HKuiGUXq0nyhzYqRj9ftGziKth1FoJiOG1/q3NxL/87oZ9vd8ky7NEGL+9VA/kxQTOuqH9oQCjnJoCONKmL9Sfs0U42harJkS3N+R/5LOTsNtNpqnzXrroKyjStbIOtkkLtklLXJMTkibcHJHHsgTebburUfrxXr9Gq1Y5c4q+QHr7RMazJ70</latexit>

Adds pressure in the core: stiffer EOS

5

Tidal deformation in mergers

p = p(✏)

<latexit sha1_base64="1Ycq1cGyJyHapmTRVdIlhEho8NI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9mVgl6UghePFewHtEvJptk2NJvEJFsopb/DiwdFvPpjvPlvTNs9aOuDgcd7M8zMixRnxvr+t7e2vrG5tZ3bye/u7R8cFo6OG0ammtA6kVzqVoQN5UzQumWW05bSFCcRp81oeDfzmyOqDZPi0Y4VDRPcFyxmBFsnhepGlTpUGcaluOgWin7ZnwOtkiAjRchQ6xa+Oj1J0oQKSzg2ph34yoYTrC0jnE7zndRQhckQ92nbUYETasLJ/OgpOndKD8VSuxIWzdXfExOcGDNOIteZYDswy95M/M9rpza+DidMqNRSQRaL4pQjK9EsAdRjmhLLx45gopm7FZEB1phYl1PehRAsv7xKGpfloFKuPFSK1dssjhycwhmUIIArqMI91KAOBJ7gGV7hzRt5L96797FoXfOymRP4A+/zB0KTkcM=</latexit>



SOURCING OBSERVABLES
Axion/photon mixing:

Changes emissivity/ Energy depletion of the star

(m2
a)in ⇠ Rns

<latexit sha1_base64="KUAUIMljQbHeNEQ9lssaL/PspjE=">AAACDnicbVBNSwMxFMz6bf1a9eglWAr1UnaloCcRvHhUsVbo1iWbpm1okl2St2JZ9hd48a948aCIV8/e/Dem7QpaHQgMM+/xMhMlghvwvE9nZnZufmFxabm0srq2vuFubl2ZONWUNWgsYn0dEcMEV6wBHAS7TjQjMhKsGQ1ORn7zlmnDY3UJw4S1Jekp3uWUgJVCt1KVIbnZ3wuzANgdZFzleWC4xBffijJ5Hrplr+aNgf8SvyBlVOAsdD+CTkxTyRRQQYxp+V4C7Yxo4FSwvBSkhiWEDkiPtSxVRDLTzsZxclyxSgd3Y22fAjxWf25kRBozlJGdlAT6Ztobif95rRS6h20bMUmBKTo51E0FhhiPusEdrhkFMbSEUM3tXzHtE00o2AZLtgR/OvJfcrVf8+u1+nm9fHxU1LGEdtAuqiIfHaBjdIrOUANRdI8e0TN6cR6cJ+fVeZuMzjjFzjb6Bef9CzNTnN0=</latexit>
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Axion sources O(1)

<latexit sha1_base64="Fy3ngxYGV0MKLr/7vHV9r5aOYAg=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsxIQVdScOPOCvYB7VgyaaYNzSRDklHK0P9w40IRt/6LO//GTDsLbT0QOJxzL/fkBDFn2rjut7Oyura+sVnYKm7v7O7tlw4OW1omitAmkVyqToA15UzQpmGG006sKI4CTtvB+Drz249UaSbFvZnE1I/wULCQEWys9NCLsBkRzNPbacU765fKbtWdAS0TLydlyNHol756A0mSiApDONa667mx8VOsDCOcTou9RNMYkzEe0q6lAkdU++ks9RSdWmWAQqnsEwbN1N8bKY60nkSBncxS6kUvE//zuokJL/2UiTgxVJD5oTDhyEiUVYAGTFFi+MQSTBSzWREZYYWJsUUVbQne4peXSeu86tWqtbtauX6V11GAYziBCnhwAXW4gQY0gYCCZ3iFN+fJeXHenY/56IqT7xzBHzifP8ijkgg=</latexit>

effects in dipole radiation

Pa

Pdipole
⇠

✓
2fa

1013 GeV

◆2

<latexit sha1_base64="U4SAz/hI9n3uwImZqA4mNvKkGsE="></latexit>



SOURCING OBSERVABLES
Long range forces:

7

(m2
a)in >> Rns

<latexit sha1_base64="819MGzCnshd9YVJUamVaMIspDkA=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkpBV2VghuXVewD2jpk0kwbmskMyR2xDPMBbvwVNy4UcesHuPNvTB+Cth4InJxzL8k5XiS4Btv+sjIrq2vrG9nN3Nb2zu5efv+gqcNYUdagoQhV2yOaCS5ZAzgI1o4UI4EnWMsbXUz81h1TmofyBsYR6wVkILnPKQEjuflCMXDJbfnUTbrA7iHhMk2rVXz9c5c6Tc2UXbKnwMvEmZMCmqPu5j+7/ZDGAZNABdG649gR9BKigFPB0lw31iwidEQGrGOoJAHTvWQaJsUnRuljP1TmSMBT9fdGQgKtx4FnJgMCQ73oTcT/vE4M/nnPBIxiYJLOHvJjgSHEk2ZwnytGQYwNIVRx81dMh0QRCqa/nCnBWYy8TJrlklMpVa4qhVp1XkcWHaFjVEQOOkM1dInqqIEoekBP6AW9Wo/Ws/Vmvc9GM9Z85xD9gfXxDQV0m6A=</latexit>

5th force between NS: Merger events, LIGO



WHAT ABOUT THE RELAXION?

8

Back reaction ~ QCD non-perturbative potential

�0

<latexit sha1_base64="rGui8hcIs8k+/GqneFCOXUBkgtA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6EkCXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSs5uMRM/vlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBdZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmpeVoFqp3lfLtZs8jgKcwhlcQABXUIM7qEMDGDzCM7zCm6e9F+/d+1i0rnn5zAn8gff5AzrUjuU=</latexit>

MinimunV0 � �gM3�+ hq̄qi0 y hh(�)i cos
✓
�

f

◆
,

<latexit sha1_base64="jpDK1iWv/B13Q1ZSHcovUOG4Dqg="></latexit>



WHAT ABOUT THE RELAXION?

8

Back reaction ~ QCD non-perturbative potential

At finite density: first real minimum at

�0

<latexit sha1_base64="rGui8hcIs8k+/GqneFCOXUBkgtA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0J6EkCXjxGMA9IljA7mSRjZmeWmV4hLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKJHCou9/e2vrG5tb24Wd4u7e/sFh6ei4aXVqGG8wLbVpR9RyKRRvoEDJ24nhNI4kb0Xj25nfeuLGCq0ecJLwMKZDJQaCUXRSs5uMRM/vlcp+xZ+DrJIgJ2XIUe+Vvrp9zdKYK2SSWtsJ/ATDjBoUTPJpsZtanlA2pkPecVTRmNswm187JedO6ZOBNq4Ukrn6eyKjsbWTOHKdMcWRXfZm4n9eJ8XBdZgJlaTIFVssGqSSoCaz10lfGM5QThyhzAh3K2EjaihDF1DRhRAsv7xKmpeVoFqp3lfLtZs8jgKcwhlcQABXUIM7qEMDGDzCM7zCm6e9F+/d+1i0rnn5zAn8gff5AzrUjuU=</latexit>

MinimunV0 � �gM3�+ hq̄qi0 y hh(�)i cos
✓
�

f

◆
,

<latexit sha1_base64="jpDK1iWv/B13Q1ZSHcovUOG4Dqg="></latexit>

�n = �0

✓
hq̄qi0
hq̄qin

◆2

<latexit sha1_base64="Q0PM3OGtcqLrRvKchsRnDsCpC4w="></latexit>



WHAT ABOUT THE RELAXION?

9

Dense objects as catalysts of bubble  

nucleation?

After NS formation Higgs VEV must have changed O(1)

<latexit sha1_base64="Fy3ngxYGV0MKLr/7vHV9r5aOYAg=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBHqpsxIQVdScOPOCvYB7VgyaaYNzSRDklHK0P9w40IRt/6LO//GTDsLbT0QOJxzL/fkBDFn2rjut7Oyura+sVnYKm7v7O7tlw4OW1omitAmkVyqToA15UzQpmGG006sKI4CTtvB+Drz249UaSbFvZnE1I/wULCQEWys9NCLsBkRzNPbacU765fKbtWdAS0TLydlyNHol756A0mSiApDONa667mx8VOsDCOcTou9RNMYkzEe0q6lAkdU++ks9RSdWmWAQqnsEwbN1N8bKY60nkSBncxS6kUvE//zuokJL/2UiTgxVJD5oTDhyEiUVYAGTFFi+MQSTBSzWREZYYWJsUUVbQne4peXSeu86tWqtbtauX6V11GAYziBCnhwAXW4gQY0gYCCZ3iFN+fJeXHenY/56IqT7xzBHzifP8ijkgg=</latexit>

AND must have come to a halt (particle production?)

Non-local bubble V0(�0) ⌅ V0(�n)

<latexit sha1_base64="w9Dk+YPXgtMuZ0uOKi3qfea/MUc=">AAACBnicbVBNS8NAEJ34WetX1KMIi0VoLyWRgp6k4MVjBfsBbQib7aZdutmE3Y1QQk9e/CtePCji1d/gzX/jtg2irQ8GHu/NMDMvSDhT2nG+rJXVtfWNzcJWcXtnd2/fPjhsqTiVhDZJzGPZCbCinAna1Exz2kkkxVHAaTsYXU/99j2VisXiTo8T6kV4IFjICNZG8u2Tlu+Ue8mQ+U6lJzhVCv0oouLbJafqzICWiZuTEuRo+PZnrx+TNKJCE46V6rpOor0MS80Ip5NiL1U0wWSEB7RrqMARVV42e2OCzozSR2EsTQmNZurviQxHSo2jwHRGWA/VojcV//O6qQ4vvYyJJNVUkPmiMOVIx2iaCeozSYnmY0MwkczcisgQS0y0Sa5oQnAXX14mrfOqW6vWbmul+lUeRwGO4RTK4MIF1OEGGtAEAg/wBC/waj1az9ab9T5vXbHymSP4A+vjG9hKl3M=</latexit>

Otherwise relaxion rolls into the abyss…

: would expand all over

our universe.



SUMMARY

10

Axion-Matter couplings: depend on density, change astrophysical axion bounds  

If Axion sourcing: Plentitude of astrophysical observables 

Existence of neutron stars challenges simple relaxion models

OUTLOOK
In even higher densities 

Axion brane in NS: for 

n > 5n0

<latexit sha1_base64="VKRnqztQqORh8gaImC6fPXn6FAU=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRU+l4MVjBVsL7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6ExLDBJesZbkVrJNoRuJQsIdwfDPzH56YNlzJeztJWBCToeQRp8Q6qS3rl7Lv9csVr+rNgVeJn5MK5Gj2y1+9gaJpzKSlghjT9b3EBhnRllPBpqVealhC6JgMWddRSWJmgmx+7RSfOWWAI6VdSYvn6u+JjMTGTOLQdcbEjsyyNxP/87qpja6DjMsktUzSxaIoFdgqPHsdD7hm1IqJI4Rq7m7FdEQ0odYFVHIh+Msvr5L2RdWvVWt3tUqjnsdRhBM4hXPw4QoacAtNaAGFR3iGV3hDCr2gd/SxaC2gfOYY/gB9/gDDkI6X</latexit>

:  Color Flavor Locked phase

(ma)
�1 << RNS

<latexit sha1_base64="0kIpZCNLE3SPMoYEPt1zY33MCRg=">AAAB+3icbVDLSgMxFM34rPU11qWbYBHqwjIjBRW6KLhxJfXRB7TjkEkzbWiSGZKMWIb5FTcuFHHrj7jzb0wfC209cOFwzr3ce08QM6q043xbS8srq2vruY385tb2zq69V2iqKJGYNHDEItkOkCKMCtLQVDPSjiVBPGCkFQwvx37rkUhFI3GvRzHxOOoLGlKMtJF8u1DiPjp+SE/crFq99dPru8y3i07ZmQAuEndGimCGum9/dXsRTjgRGjOkVMd1Yu2lSGqKGcny3USRGOEh6pOOoQJxorx0cnsGj4zSg2EkTQkNJ+rviRRxpUY8MJ0c6YGa98bif14n0eG5l1IRJ5oIPF0UJgzqCI6DgD0qCdZsZAjCkppbIR4gibA2ceVNCO78y4ukeVp2K+XKTaVYu5jFkQMH4BCUgAvOQA1cgTpoAAyewDN4BW9WZr1Y79bHtHXJms3sgz+wPn8AUraTUQ==</latexit>

Israel junction conditions

Discontinuous total pressure p(r)

<latexit sha1_base64="P1ZVdEPrpmPQpYK0M/XpvQyEtjM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiAfVW8OKxgv2ANpTNdtMu3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyacaeO6305pY3Nre6e8W9nbPzg8qh6fdHScKkLbJOax6oVYU84kbRtmOO0limIRctoNp3e5332iSrNYPppZQgOBx5JFjGCTS0ldXQ6rNbfhLoDWiVeQGhRoDatfg1FMUkGlIRxr3ffcxAQZVoYRTueVQappgskUj2nfUokF1UG2uHWOLqwyQlGsbEmDFurviQwLrWcitJ0Cm4le9XLxP6+fmugmyJhMUkMlWS6KUo5MjPLH0YgpSgyfWYKJYvZWRCZYYWJsPBUbgrf68jrpXDU8v+E/+LXmbRFHGc7gHOrgwTU04R5a0AYCE3iGV3hzhPPivDsfy9aSU8ycwh84nz9yGI3T</latexit>

:  NS stability?

lead to localised brane tension



BACK-UP
Relaxion model that solves strong CP problem:
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Mechanism reduces slope of linear term after inflation    : 

Vn = �⇤4
QCD

 
✏
�

f
+

s
�

�n
cos

�

f

!

<latexit sha1_base64="YRQuX/7wa6e5jUJkLabnSixpCH8="></latexit>

✏

<latexit sha1_base64="Bq0SakX18OhkdSmoJPQddW4yjis=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAF48RzAOSJcxOOsmQ2Zl1ZlYIS37CiwdFvPo73vwbJ8keNLGgoajqprsrSgQ31ve/vbX1jc2t7cJOcXdv/+CwdHTcNCrVDBtMCaXbETUouMSG5VZgO9FI40hgKxrfzvzWE2rDlXywkwTDmA4lH3BGrZPaXUwMF0r2SmW/4s9BVkmQkzLkqPdKX92+YmmM0jJBjekEfmLDjGrLmcBpsZsaTCgb0yF2HJU0RhNm83un5NwpfTJQ2pW0ZK7+nshobMwkjlxnTO3ILHsz8T+vk9rBdZhxmaQWJVssGqSCWEVmz5M+18ismDhCmebuVsJGVFNmXURFF0Kw/PIqaV5Wgmqlel8t127yOApwCmdwAQFcQQ3uoA4NYCDgGV7hzXv0Xrx372PRuublMyfwB97nD0xikB4=</latexit>

For ✏ < 10�10

<latexit sha1_base64="61jHtdsX3QVJCiBmVgoq4roIcpY=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCF8OuBFTwEPDiMYJ5QLKG2UlvMmR2ZpmZVcKaT/HiQRGvfok3/8bJ46CJBQ1FVTfdXWHCmTae9+3kVlbX1jfym4Wt7Z3dPbe439AyVRTqVHKpWiHRwJmAumGGQytRQOKQQzMcXk/85gMozaS4M6MEgpj0BYsYJcZKXbfYgUQzLsWV791np7437rolr+xNgZeJPyclNEet6351epKmMQhDOdG67XuJCTKiDKMcxoVOqiEhdEj60LZUkBh0kE1PH+Njq/RwJJUtYfBU/T2RkVjrURzazpiYgV70JuJ/Xjs10UWQMZGkBgSdLYpSjo3Ekxxwjymgho8sIVQxeyumA6IINTatgg3BX3x5mTTOyn6lXLmtlKqX8zjy6BAdoRPko3NURTeohuqIokf0jF7Rm/PkvDjvzsesNefMZw7QHzifPwQ1kyo=</latexit>

generated vacuum angle ✓

<latexit sha1_base64="E/iaZL4TpZZ/g/XkasPCSOKIHnc=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAF48RzAOSJcxOJsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6Pvf3tr6xubWdmGnuLu3f3BYOjpuWp0axhtMS23aEbVcCsUbKFDydmI4jSPJW9H4dua3nrixQqsHnCQ8jOlQiYFgFJ3U7OKII+2Vyn7Fn4OskiAnZchR75W+un3N0pgrZJJa2wn8BMOMGhRM8mmxm1qeUDamQ95xVNGY2zCbXzsl507pk4E2rhSSufp7IqOxtZM4cp0xxZFd9mbif14nxcF1mAmVpMgVWywapJKgJrPXSV8YzlBOHKHMCHcrYSNqKEMXUNGFECy/vEqal5WgWqneV8u1mzyOApzCGVxAAFdQgzuoQwMYPMIzvMKbp70X7937WLSuefnMCfyB9/kDo4iPJg==</latexit>

is within experimental bounds

1. ✏ ⌧ hq̄qin
hq̄qi0

< 1

<latexit sha1_base64="3c0RxebfHBA9s/QCAeBVFTCOkpc="></latexit>

possibly a stable configuration is viable with

✏ ⇠
hq̄qin
hq̄qi0

< 1

<latexit sha1_base64="Y1YBzESDrC0QHAyPH3nXcRCx7Y8="></latexit>

✓n =

✓
hq̄qin
hq̄qi0

◆�1

✓0

<latexit sha1_base64="0XkMkZd4TeM4JpH7LWnayZFbHsY="></latexit>

2. back reaction too weak Catastrophic instability



BACK-UP

SU(Nf )L ⇥ SU(Nf )R ⇥ SU(3)c ⇥ U(1)A ⇥ U(1)B ! SU(Nf )L+R+c

<latexit sha1_base64="agGWxOro22ee0dqmyxUWEcgbs6Q="></latexit>

CFL breaking pattern

With increasing density: quarks form diquark condensates

hqLCqLi

<latexit sha1_base64="NDET1illhTEKpgT/8cn1fen8goI=">AAACC3icbVC7SgNBFJ2NrxhfUUubIUGwCrsS0EoCaSwsIpgHZEOYndxNhszOrjN3hRDS2/grNhaK2PoDdv6Nk0ehiQfu5XDOvczcEyRSGHTdbyeztr6xuZXdzu3s7u0f5A+PGiZONYc6j2WsWwEzIIWCOgqU0Eo0sCiQ0AyG1anffABtRKzucJRAJ2J9JULBGVqpmy/4EkL0JVN9CfS+e0Ortvla9Afo65nazRfdkjsDXSXeghTJArVu/svvxTyNQCGXzJi25ybYGTONgkuY5PzUQML4kPWhbaliEZjOeHbLhJ5apUfDWNtSSGfq740xi4wZRYGdjBgOzLI3Ff/z2imGl52xUEmKoPj8oTCVFGM6DYb2hAaOcmQJ41rYv1I+YJpxtPHlbAje8smrpHFe8sql8m25WLlaxJElJ6RAzohHLkiFXJMaqRNOHskzeSVvzpPz4rw7H/PRjLPYOSZ/4Hz+AMhImuI=</latexit>

Color superconductivity

In some cases: Vacuum aligns such that the axion acquires a VEV

Could get a sourcing even for super high densities
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