
PhD, TU Munich
LIGHT AXIONS SHRINK WHITE DWARFS



LIGHT AXIONS SHRINK WHITE DWARFS
PhD, TUM



LIGHT AXIONS SHRINK WHITE DWARFS
PhD, TUM



LIGHT AXIONS SHRINK WHITE DWARFS
PhD, TUM

Also: The usual stuff 



φ = 0

not optimal…

<latexit sha1_base64="wj9Kmq+iouCHWt4PZfDH237E4fg="></latexit>
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want to be here!
φ = ±π

<latexit sha1_base64="wj9Kmq+iouCHWt4PZfDH237E4fg="></latexit>
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m∗
N =

{
mN φ = 0
mN (1− g) φ = π

Coupling to nucleon changes the mass at φ = ±π

Drastically changes the EOS of Stars

<latexit sha1_base64="MA/nK519M/27I0b1iXyaZN1+PQQ="></latexit>

nc ⇠
✏⇤4

QCD

gmN

Why? There is a new ground state of matter!
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Why? There is a new ground state of matter

Take non-relativistic neutrons and squeeze them together

<latexit sha1_base64="lXRfpGJOINFG0SN/8Nr2YOVAPO0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF08S0TwgWcLsZDYZMo9lZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSjgz1ve/vcLK6tr6RnGztLW9s7tX3j9oGpVqQhtEcaXbETaUM0kblllO24mmWESctqLRzdRvPVFtmJKPdpzQUOCBZDEj2DrpQfTueuWKX/VnQMskyEkFctR75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nFUYkFNmM1OnaATp/RRrLQradFM/T2RYWHMWESuU2A7NIveVPzP66Q2vgozJpPUUknmi+KUI6vQ9G/UZ5oSy8eOYKKZuxWRIdaYWJdOyYUQLL68TJpn1eCien5/Xqld53EU4QiO4RQCuIQa3EIdGkBgAM/wCm8e9168d+9j3lrw8plD+APv8wcp0I27</latexit>mN

<latexit sha1_base64="d2kt4W2SDv6lSCHbqImN7l8Ddb4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahHiy7UtRj0YsnqWA/oF1KNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKmjRBHaIBGPVDvAmnImacMww2k7VhSLgNNWMLqZ+q0nqjSL5IMZx9QXeCBZyAg2VmqL3l3ZOxuc9oolt+LOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjq7d4JOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4ZWfMhknhkoyXxQmHJkITZ9HfaYoMXxsCSaK2VsRGWKFibERFWwI3uLLy6R5XvEuKtX7aql2ncWRhyM4hjJ4cAk1uIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx+PWI8D</latexit>

mN (1� g)

<latexit sha1_base64="uOPNBfOM6/CvbMcREUTpfCMg6P4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9Vn/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP0sqjdE=</latexit>nc
<latexit sha1_base64="C8JfrKxjP0Q4w0PHxwF5cSMzUdE=">AAAB9XicbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoQU9S0X5AG8tmO22XbjZhd6KWkP/hxYMiXv0v3vw3btsctPXBwOO9GWbm+ZHgGh3n28otLC4tr+RXC2vrG5tbxe2dug5jxaDGQhGqpk81CC6hhhwFNCMFNPAFNPzhxdhvPIDSPJR3OIrAC2hf8h5nFI10LztJG+EJk+vL2zTtFEtO2ZnAniduRkokQ7VT/Gp3QxYHIJEJqnXLdSL0EqqQMwFpoR1riCgb0j60DJU0AO0lk6tT+8AoXbsXKlMS7Yn6eyKhgdajwDedAcWBnvXG4n9eK8bemZdwGcUIkk0X9WJhY2iPI7C7XAFDMTKEMsXNrTYbUEUZmqAKJgR39uV5Uj8quyfl45vjUuU8iyNP9sg+OSQuOSUVckWqpEYYUeSZvJI369F6sd6tj2lrzspmdskfWJ8/+eOS1Q==</latexit>nNGS

<latexit sha1_base64="Fn4/LAyWHRE2WNbiiMx/YjESWgo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU92VUr0IRRE8VrAf0C4lm2bb0GyyJlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXhBzpo3rfju5ldW19Y38ZmFre2d3r7h/0NQyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRjdTv/VElWZSPJhxTP0IDwQLGcHGSu3bq64ayjPRK5bcsjsDWiZeRkqQod4rfnX7kiQRFYZwrHXHc2Pjp1gZRjidFLqJpjEmIzygHUsFjqj209m9E3RilT4KpbIlDJqpvydSHGk9jgLbGWEz1IveVPzP6yQmvPRTJuLEUEHmi8KEIyPR9HnUZ4oSw8eWYKKYvRWRIVaYGBtRwYbgLb68TJrnZa9artxXSrXrLI48HMExnIIHF1CDO6hDAwhweIZXeHMenRfn3fmYt+acbOYQ/sD5/AFwMo+X</latexit>

E = ⇢/n
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White Dwarfs work analogously 

LIGHT AXIONS SHRINK WHITE DWARFS

Balance gravity with electron degeneracy pressure

Mass to good approximations from gas of non-interacting nuclei 
<latexit sha1_base64="0D/AR1/hJJZXNYUS/uYxyIiVxKI=">AAACJnicbZDLSsNAFIYn9VbrrepSkGARXJSSlKBuhKKbboQK9gJtLJPpaTt0JgkzE6GE7HwYcavP4U7Ena/gGzhts7CtBwZ+/v+cMzOfFzIqlWV9GZmV1bX1jexmbmt7Z3cvv3/QkEEkCNRJwALR8rAERn2oK6oYtEIBmHsMmt7oZpI3H0FIGvj3ahyCy/HAp31KsNJWN3/cIRDHyYNThaTY6QVKFlOn7NwOkm6+YJWsaZnLwk5FAaVV6+Z/9BIScfAVYVjKtm2Fyo2xUJQwSHKdSEKIyQgPoK2ljzlIN57+IzFPtdMz+4HQx1fm1P07EWMu5Zh7upNjNZSL2cT8L2tHqn/pxtQPIwU+mV3Uj5ipAnMCxexRAUSxsRaYCKrfapIhFpgojW5uU8ryynFjPiRD4ElOM7IXiSyLRrlkn5ecO6dQuU5pZdEROkFnyEYXqIKqqIbqiKAn9IJe0ZvxbLwbH8bnrDVjpDOHaK6M71/8eqX/</latexit>

4
He, . . . , 24Mg
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<latexit sha1_base64="48fHzU2P/RprVO17ww4BRyjKijI="></latexit>

✏⇤ = 10�10



AXION PARAMETER SPACE


