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Occupation numbers
• (Very) rough estimates for a QCD axion with


• Axion mass is turned on at 


• Typical radius and mass of miniclusters are determined by the size of the horizon at 


• Typical phase space occupancy


• We describe the minicluster as an incoherent superposition of classical axion waves
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R ⇠ 108 km M ⇠ 10�12 M�

minutephysics
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Miniclusters and dark matter detection
• If all the local dark matter is in 

miniclusters, the rate of 
encounters with Earth is


• Problem for haloscope type 
experiments!


• Astrophysical signatures
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• We need to understand if 
miniclusters survive until today


• Tidal disruption in the galaxy  
effective?
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Construction of a  
self-gravitating system 



WKB solution to Schrödinger equation
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Typical angular momentum


 

must be large
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p
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• Eigenfunctions


•              is WKB solution to the radial equation with 
effective potential


• Validity of WKB




WKB solution to Schrödinger equation

• Coefficients with random phases


• Energy density
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Construction of a self-gravitating system 
• Choose a                       pair that satisfies 

Poisson equation


• Find 


• Use Eddington’s formula to obtain 


• Construct WKB eigenfunctions 


• Construct coefficients


• Resulting average clump is in viral equilibrium
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Two density profiles
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Tidal perturbation of the clump



A star passing by

• Perturb the coefficients             up to 
second order


• Impulse approximation
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<latexit sha1_base64="hF/7BRTFj+DvWiR/dySct3cxrA0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBg16EKvYD2lI22027dLMJuxOhhP4DLx4U8eo/8ua/cdPmoK0PBh7vzTAzz4+lMOi6305hZXVtfaO4Wdra3tndK+8fNE2UaMYbLJKRbvvUcCkUb6BAydux5jT0JW/54+vMbz1xbUSkHnES815Ih0oEglG00sNdqV+uuFV3BrJMvJxUIEe9X/7qDiKWhFwhk9SYjufG2EupRsEkn5a6ieExZWM65B1LFQ256aWzS6fkxCoDEkTalkIyU39PpDQ0ZhL6tjOkODKLXib+53USDK56qVBxglyx+aIgkQQjkr1NBkJzhnJiCWVa2FsJG1FNGdpwshC8xZeXSfOs6l1UvfvzSu0mj6MIR3AMp+DBJdTgFurQAAYBPMMrvDlj58V5dz7mrQUnnzmEP3A+fwDc34zw</latexit>

M
<latexit sha1_base64="OXgmk31BrAEE0dBsWHo9tRvM3Wc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBZBPJRERD0WPOhFqGA/oA1ls522S3c3YXcjlNC/4MWDIl79Q978NyZtDtr6YODx3gwz84JIcGNd99sprKyurW8UN0tb2zu7e+X9g6YJY82wwUIR6nZADQqusGG5FdiONFIZCGwF45vMbz2hNjxUj3YSoS/pUPEBZ9Rm0n3vrNQrV9yqOwNZJl5OKpCj3it/dfshiyUqywQ1puO5kfUTqi1nAqelbmwwomxMh9hJqaISjZ/Mbp2Sk1Tpk0Go01KWzNTfEwmVxkxkkHZKakdm0cvE/7xObAfXfsJVFFtUbL5oEAtiQ5I9TvpcI7NikhLKNE9vJWxENWU2jScLwVt8eZk0z6veZdV7uKjUbvM4inAEx3AKHlxBDe6gDg1gMIJneIU3RzovzrvzMW8tOPnMIfyB8/kD9+KNjQ==</latexit>

M⇤

<latexit sha1_base64="jpge8RW1b8NRDv608w0fN01Blo4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFSI+iXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6V1WvcVmp3eVxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHyFqM8Q==</latexit>

b

<latexit sha1_base64="FkRrM3fkJE+/Yjsi4tNf4CDk2c4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCBz1WsB/QhrLZTtqlm03Y3RRK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O/PUGleSyfzDRBP6JDyUPOqLFSuzdBlk1m/XLFrboLkHXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgrNRLNSaUjekQu5ZKGqH2s8W5M3JhlQEJY2VLGrJQf09kNNJ6GgW2M6JmpFe9ufif101NeOtnXCapQcmWi8JUEBOT+e9kwBUyI6aWUKa4vZWwEVWUGZtQyYbgrb68TlpXVa9W9R6vK/X7PI4inME5XIIHN1CHB2hAExiM4Rle4c1JnBfn3flYthacfOYU/sD5/AGyUo/T</latexit>

~v

<latexit sha1_base64="NhvTjJ+vDxsNGawhplib5DbkW9s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8KDHivYD2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo5up33ri2ohYPeI44X5EB0qEglG00gNeu71yxa26M5Bl4uWkAjnqvfJXtx+zNOIKmaTGdDw3QT+jGgWTfFLqpoYnlI3ogHcsVTTixs9mp07IiVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdkQvMWXl0nzrOpdVL3780rtNo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/T1I2E</latexit>

t = 0

<latexit sha1_base64="B5Ox3jE0cHYmb2CsQdUtXmMwih0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMdADnqMYB6QLGF20kmGzMwuM7NCWPIRXjwo4tXv8ebfOEn2oNGChqKqm+6uKBHcWN//8gpr6xubW8Xt0s7u3v5B+fCoZeJUM2yyWMS6E1GDgitsWm4FdhKNVEYC29GkPvfbj6gNj9WDnSYYSjpSfMgZtU5q1/uZEnLWL1f8qr8A+UuCnFQgR6Nf/uwNYpZKVJYJakw38BMbZlRbzgTOSr3UYELZhI6w66iiEk2YLc6dkTOnDMgw1q6UJQv150RGpTFTGblOSe3YrHpz8T+vm9rhTZhxlaQWFVsuGqaC2JjMfycDrpFZMXWEMs3drYSNqabMuoRKLoRg9eW/pHVRDa6qwf1lpXabx1GEEziFcwjgGmpwBw1oAoMJPMELvHqJ9+y9ee/L1oKXzxzDL3gf33Z/j6w=</latexit>

Cnlm



• Energy shift of a level due to the impact of the star


• All level with energy above a critical value become unbound

<latexit sha1_base64="srhmnRt0K53GpMbfuXuFUGRIc28="></latexit>

�E(E, l) =

✓
2GM⇤
b2v

◆2 ma

4
hnl|r2|nli



Density profile after encounter
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<latexit sha1_base64="Wh/DjsXnM1jHrOgsoeuGxEjyLSw="></latexit>

M = 10�12M�, R = 10�6pc, M⇤ = M�, v = 10�4



Energy balance

<latexit sha1_base64="HUPvQ9BPgwt2bgoh0ymIoAKnRqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBA8eKtoPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0fXUbz2h0jyWj2acoB/RgeQhZ9RY6eGmx3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRdW7P6/U7vI4inAEx3AKHlxCDW6hDg1gMIBneIU3RzgvzrvzMW8tOPnMIfyB8/kDF9iNtQ==</latexit>

Ei

<latexit sha1_base64="Ui9NQ0/+bBRupe0/gq6oMjMa0sg=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiQi6rKgggsXFewDmlAm00k7dDIJMzdKif0UNy4UceuXuPNvnLRZaPXAwOGce7lnTpAIrsFxvqzS0vLK6lp5vbKxubW9Y1d32zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8UXud+6Z0jyWdzBJmB+RoeQhpwSM1Ler3iUTQLyIwIgSkV1N+3bNqTsz4L/ELUgNFWj27U9vENM0YhKoIFr3XCcBPyMKOBVsWvFSzRJCx2TIeoZKEjHtZ7PoU3xolAEOY2WeBDxTf25kJNJ6EgVmMo+oF71c/M/rpRCe+xmXSQpM0vmhMBUYYpz3gAdcMQpiYgihipusmI6IIhRMWxVTgrv45b+kfVx3T+vu7UmtcVPUUUb76AAdIRedoQa6Rk3UQhQ9oCf0gl6tR+vZerPe56Mlq9jZQ79gfXwDYfmUHg==</latexit>

�E
<latexit sha1_base64="4k94AxuJZftAlXMxqQlJzxA1/Vw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNBBA8eKtoPaEPZbDft0s0m7E6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCCRwqDrfjuFldW19Y3iZmlre2d3r7x/0DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjK6nfuuJayNi9YjjhPsRHSgRCkbRSg83vbBXrrhVdwayTLycVCBHvVf+6vZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7NQJObFKn4SxtqWQzNTfExmNjBlHge2MKA7NojcV//M6KYZXfiZUkiJXbL4oTCXBmEz/Jn2hOUM5toQyLeythA2ppgxtOiUbgrf48jJpnlW9i6p3f16p3eVxFOEIjuEUPLiEGtxCHRrAYADP8ApvjnRenHfnY95acPKZQ/gD5/MHE0yNsg==</latexit>

Ef

<latexit sha1_base64="WuOho0i2J+63LyDqaaD59l4o9fA=">AAACEnicbVA9SwNBEN3zM8avqKXNYhC0MNyJqGVAAxYWEUwM5MKxt5nTNXsf7M4J4bjfYONfsbFQxNbKzn/jXpLCrwcDj/dmmJnnJ1JotO1Pa2p6ZnZuvrRQXlxaXlmtrK23dZwqDi0ey1h1fKZBighaKFBCJ1HAQl/ClT84KfyrO1BaxNElDhPohew6EoHgDI3kVXYDL4Pb3D0FicwNGd5wJrNGTvfoWKMNL5OxxtyrVO2aPQL9S5wJqZIJml7lw+3HPA0hQi6Z1l3HTrCXMYWCS8jLbqohYXzArqFraMRC0L1s9FJOt43Sp0GsTEVIR+r3iYyFWg9D33QWR+vfXiH+53VTDI57mYiSFCHi40VBKinGtMiH9oUCjnJoCONKmFspv2GKcTQplk0Izu+X/5L2fs05rDkXB9X6+SSOEtkkW2SHOOSI1MkZaZIW4eSePJJn8mI9WE/Wq/U2bp2yJjMb5Aes9y8jqJ3L</latexit>

fej�E ��Elost

<latexit sha1_base64="9Xw7tZUM2v/RJI4D7GOZo0G5xlM=">AAACEnicbVDJSgNBEO1xjXEb9eilMQiKEGZE1IsQXFDwEsEskAxDT6cnadKz0F0jhCHf4MVf8eJBEa+evPk3dpLBJfFBwev3quiq58WCK7CsT2NqemZ2bj63kF9cWl5ZNdfWqypKJGUVGolI1j2imOAhqwAHweqxZCTwBKt53bOBX7tjUvEovIVezJyAtEPuc0pAS6652zxnAgi+cFMRKejjE/ytXOO9n8epaxasojUEniR2RgooQ9k1P5qtiCYBC4EKolTDtmJwUiKBU8H6+WaiWExol7RZQ9OQBEw56fCkPt7WSgv7kdQVAh6qvydSEijVCzzdGRDoqHFvIP7nNRLwj52Uh3ECLKSjj/xEYIjwIB/c4pJRED1NCJVc74pph0hCQaeY1yHY4ydPkup+0T4s2jcHhdJlFkcObaIttINsdIRK6AqVUQVRdI8e0TN6MR6MJ+PVeBu1ThnZzAb6A+P9C7lQm50=</latexit>

�Elost = �EK +�EB
<latexit sha1_base64="QA1fD4xaat6WM3CDW9TmceE37ZQ="></latexit>

Ef = Ei +�Elost + (1� fej)�E
| {z }

�E



Re-virialization and new radius
• Assume cluster re-virializes to the same 

profile keeping it’s total energy fixed


• Relaxation time is smaller than times 
between star encounters for our typical 
cluster


• Virial equilibrium 


• New radius


<latexit sha1_base64="KW11faQAdZqtGdYcQK/a7SD+ksY=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSFFEvQlGKHivYWmhL2Gw37dLNJuxOhBJy8a948aCIV3+GN/+N2zYHbX0w8Hhvhpl5fiy4Bsf5tgpLyyura8X10sbm1vaOvbvX0lGiKGvSSESq7RPNBJesCRwEa8eKkdAX7MEfXU/8h0emNI/kPYxj1gvJQPKAUwJG8uyDupdCBBm+xN1AEZrWvassrWaeXXYqzhR4kbg5KaMcDc/+6vYjmoRMAhVE647rxNBLiQJOBctK3USzmNARGbCOoZKETPfS6QMZPjZKHweRMiUBT9XfEykJtR6HvukMCQz1vDcR//M6CQQXvZTLOAEm6WxRkAgMEZ6kgftcMQpibAihiptbMR0SkwOYzEomBHf+5UXSqlbcs4p7d1qu3eRxFNEhOkInyEXnqIZuUQM1EUUZekav6M16sl6sd+tj1lqw8pl99AfW5w8A4ZYM</latexit>

Etot =
EB

2

See 2207.11276 for a different approach

<latexit sha1_base64="i/SvYmdpYBuCTn24A4cOBe7DvtE="></latexit>

Ef = �↵
G(M ��M)2

Rf
) Rf = Ri

✓
1� 2

�M

M
+

�E

|Ei|

◆
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<latexit sha1_base64="Wh/DjsXnM1jHrOgsoeuGxEjyLSw="></latexit>

M = 10�12M�, R = 10�6pc, M⇤ = M�, v = 10�4

<latexit sha1_base64="bbD++tBYMxdskJIKcqIDqa6DuGA=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmsqAhCwYvHCvYD2lg22027dLMJuxMhhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD8WXIPjfFtLyyura+uFjeLm1vbOrr2339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlj24mfuuRKc0jeQ9pzLyQDCQPOCVgpJ5d8q+rXeAh09h1HrKT6jimPbvsVJwp8CJxc1JGOeo9+6vbj2gSMglUEK07rhODlxEFnAo2LnYTzWJCR2TAOoZKYtZ52fT4MT4ySh8HkTIlAU/V3xMZCbVOQ990hgSGet6biP95nQSCSy/jMk6ASTpbFCQCQ4QnSeA+V4yCSA0hVHFzK6ZDoggFk1fRhODOv7xImqcV97zi3p2Va1d5HAV0gA7RMXLRBaqhW1RHDURRip7RK3qznqwX6936mLUuWflMCf2B9fkDGuyTwQ==</latexit>

b = 3⇥ 10�3pc

<latexit sha1_base64="bbD++tBYMxdskJIKcqIDqa6DuGA=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmsqAhCwYvHCvYD2lg22027dLMJuxMhhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD8WXIPjfFtLyyura+uFjeLm1vbOrr2339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlj24mfuuRKc0jeQ9pzLyQDCQPOCVgpJ5d8q+rXeAh09h1HrKT6jimPbvsVJwp8CJxc1JGOeo9+6vbj2gSMglUEK07rhODlxEFnAo2LnYTzWJCR2TAOoZKYtZ52fT4MT4ySh8HkTIlAU/V3xMZCbVOQ990hgSGet6biP95nQSCSy/jMk6ASTpbFCQCQ4QnSeA+V4yCSA0hVHFzK6ZDoggFk1fRhODOv7xImqcV97zi3p2Va1d5HAV0gA7RMXLRBaqhW1RHDURRip7RK3qznqwX6936mLUuWflMCf2B9fkDGuyTwQ==</latexit>

b = 3⇥ 10�3pc

<latexit sha1_base64="bbD++tBYMxdskJIKcqIDqa6DuGA=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmsqAhCwYvHCvYD2lg22027dLMJuxMhhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMPD8WXIPjfFtLyyura+uFjeLm1vbOrr2339RRoihr0EhEqu0TzQSXrAEcBGvHipHQF6zlj24mfuuRKc0jeQ9pzLyQDCQPOCVgpJ5d8q+rXeAh09h1HrKT6jimPbvsVJwp8CJxc1JGOeo9+6vbj2gSMglUEK07rhODlxEFnAo2LnYTzWJCR2TAOoZKYtZ52fT4MT4ySh8HkTIlAU/V3xMZCbVOQ990hgSGet6biP95nQSCSy/jMk6ASTpbFCQCQ4QnSeA+V4yCSA0hVHFzK6ZDoggFk1fRhODOv7xImqcV97zi3p2Va1d5HAV0gA7RMXLRBaqhW1RHDURRip7RK3qznqwX6936mLUuWflMCf2B9fkDGuyTwQ==</latexit>

b = 3⇥ 10�3pc

<latexit sha1_base64="tvLY9q026AupO3t0XCvZstHYIm4=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgxpD4RhAKblxWsA9oY5lMJ+3QySTM3AglFPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee4JEcA2u+23NzS8sLi0XVoqra+sbm/bWdk3HqaKsSmMRq0ZANBNcsipwEKyRKEaiQLB60L8Z+fVHpjSP5T0MEuZHpCt5yCkBI7Xt3eDadc5awCOmsec+ZEcnw4S27ZLruGPgWeLlpIRyVNr2V6sT0zRiEqggWjc9NwE/Iwo4FWxYbKWaJYT2SZc1DZXErPOz8flDfGCUDg5jZUoCHqu/JzISaT2IAtMZEejpaW8k/uc1Uwgv/YzLJAUm6WRRmAoMMR5lgTtcMQpiYAihiptbMe0RRSiYxIomBG/65VlSO3a8c8e7Oy2Vr/I4CmgP7aND5KELVEa3qIKqiKIMPaNX9GY9WS/Wu/UxaZ2z8pkd9AfW5w/+iJQ1</latexit>

b = 0.5⇥ 10�3pc



Critical density and repeated perturbations
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Lane-Emden Hernquist

<latexit sha1_base64="WVqXQg1BmJlS/5y8UrjbqihWg5g="></latexit>

⇢̄crit ⇡
✓

M⇤
1M�

◆2 ✓
10

�3
pc

b

◆4 ✓
10

�4

v

◆2

⇥
⇢

0.7⇥ 10
�11 M� (10

�6
pc)

�3
(LE)

2.1⇥ 10
�14 M� (10

�6
pc)

�3
(H)

<latexit sha1_base64="xVAO/kMPFLwB5/LPCEPI5OC27AA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEN5akiIogFNy4rGAf0MYymU7aoZNJmJkINVR/xY0LRdz6H+78G6dtFtp64MLhnHu59x4/5kxpx/m2cguLS8sr+dXC2vrG5pa9vVNXUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+4GvuNeyoVi8StHsbUC3FPsIARrI3Usff8y3Jbs5Aq5Dp36XF59BiTjl10Ss4EaJ64GSlChmrH/mp3I5KEVGjCsVIt14m1l2KpGeF0VGgnisaYDHCPtgwV2Ozz0sn1I3RolC4KImlKaDRRf0+kOFRqGPqmM8S6r2a9sfif10p0cO6lTMSJpoJMFwUJRzpC4yhQl0lKNB8agolk5lZE+lhiok1gBROCO/vyPKmXS+5pyb05KVYusjjysA8HcAQunEEFrqEKNSDwAM/wCm/Wk/VivVsf09aclc3swh9Ynz8CgJRH</latexit>

b = 2⇥ 10�2 pc
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b = 0.5⇥ 10�2 pc

• Critical density, below which the cluster gets destroyed



Survival in the galaxy



• Fix               and the galactic radius


• Probability that a minicluster at      is on an 
orbit with given semi-major axis and 
eccentricity 


such that the galaxy has an NFW density 
profile


• Create sample 


• The orbit fixes the average number of star 
encounters as a minicluster travels in the 
galaxy


• For each encounter sample

A halo made of miniclusters
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P (b), P (v)



Survival probability

• 2 ways for a minicluster to be destroyed


1. Become less and less tightly bound until completely unbound


2. Become more and more tightly bound until turning into an axion star

<latexit sha1_base64="7M7TqVk5rKm7Ok2iNAghspBnIwY="></latexit>

Psurv(M,R, t, r) =
N (f)

MC(M,R, r, t)

N (i)
MC(M,R, r)
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Distribution of radii and masses
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Results
<latexit sha1_base64="YjBoFXX69y6sjZ7VNjiNDV75CMY="></latexit>

Psurv

t = 2.5 Gyr t = 5 Gyr t = 10 Gyr

Lane-Emden 0.94 0.90 0.82

Hernquist 0.99 0.98 0.94

Shen et al., 2207.11276 (N-Body) 

NFW profile


Different initial distribution of miniclusters

No relaxation between encounters
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Psurv = 0.87

Kavanagh et al., Phys. Rev. D 104 
(Particle phase-space density) 

Power law profile


NFW profile


Run for 
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t = 13.5 Gyr



Conclusions
• Construction of self-consistent clump of axion waves in the WKB limit (see also 

Yavetz et al., PRD 105 (2022) 2, 023512)


• Calculation of survival against tidal stripping from encounters with stars


• Limitations and future work


• Modelling of relaxation after encounter


• Effect of axion star


• Evolution of the Milky Way


• Initial distribution of minicluster masses and radii
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