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I. DM capture 

II. DM thermalisation

III. DM self-gravitating

V. NS turned into solar-mass BH 
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Goldman & Nussinov, 1989

IV. DM gravitational collapse  



I. DM capture 
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bmax = R

r
1 +

2GM

Rv2
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�geom = ⇡R2

grav. focusing
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bmax

capt. rate
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v2

saturation if 
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��n &
<latexit sha1_base64="W5gXb3uHhqqq6rqagco21pOURb4="></latexit>

Ncapt ⇠ 1042
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� = ⇡b2max



PDG 2025
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100 % capture



WIMP ASYMMETRIC DM

By construction, WIMP  annihilate — difficult to accumulate 

Asymmetric DM ~ Baryon asymmetry 

<latexit sha1_base64="IaLxTEq9aN6M/L4HzGbcLJB0fKs=">AAAB+3icbVDLTgIxFO34RHyNuHTTSEzcSGaIQTcmKBtXBBN5JDCSTulAQ6czae8YCeFX3LjQGLf+iDv/xgKzUPAkNzk559723uPHgmtwnG9rZXVtfWMzs5Xd3tnd27cPcg0dJYqyOo1EpFo+0UxwyerAQbBWrBgJfcGa/rAy9ZuPTGkeyXsYxcwLSV/ygFMCRurauU4vAlzFV7iCz/A1rj4Uu3beKTgz4GXipiSPUtS69pd5hCYhk0AF0brtOjF4Y6KAU8Em2U6iWUzokPRZ21BJQqa98Wz3CT4xSg8HkTIlAc/U3xNjEmo9Cn3TGRIY6EVvKv7ntRMILr0xl3ECTNL5R0EiMER4GgTuccUoiJEhhCpudsV0QBShYOLKmhDcxZOXSaNYcEuF0t15vnyTxpFBR+gYnSIXXaAyukU1VEcUPaFn9IrerIn1Yr1bH/PWFSudOUR/YH3+ABiekec=</latexit>

Ṅ = C �AN2

<latexit sha1_base64="dOAvZinLU303Vu61WVbA6YZVU/U=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVDdCsRtXUsE+sB1KJs20oZnMkNwRSulfuHGhiFv/xp1/Y9rOQqsHAodz7iH3niCRwqDrfjm5ldW19Y38ZmFre2d3r7h/0DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjGozv/XItRGxusdxwv2IDpQIBaNopYduP0ZyS65IrVcsuWV3DvKXeBkpQYZ6r/hpwyyNuEImqTEdz03Qn1CNgkk+LXRTwxPKRnTAO5YqGnHjT+YbT8mJVfokjLV9Cslc/ZmY0MiYcRTYyYji0Cx7M/E/r5NieOlPhEpS5IotPgpTSTAms/NJX2jOUI4toUwLuythQ6opQ1tSwZbgLZ/8lzTPyl6lXLk7L1WvszrycATHcAoeXEAVbqAODWCg4Ale4NUxzrPz5rwvRnNOljmEX3A+vgHUNY+6</latexit>

Ṅ = C

<latexit sha1_base64="PJgaSoYB8bvqRAUhKSgwwXgUjFo=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4qolIdSNUu3ElFewDmhAm00k7dCaJMxOxhIAbf8WNC0Xc+hPu/BunbRbaeuDC4Zx7ufceP2ZUKsv6NubmFxaXlgsrxdW19Y1Nc2u7KaNEYNLAEYtE20eSMBqShqKKkXYsCOI+Iy1/UBv5rXsiJI3CWzWMictRL6QBxUhpyTN3r73UERxy9JDBc+jIO6HStHZ0kWWeWbLK1hhwltg5KYEcdc/8croRTjgJFWZIyo5txcpNkVAUM5IVnUSSGOEB6pGOpiHiRLrp+IcMHmilC4NI6AoVHKu/J1LEpRxyX3dypPpy2huJ/3mdRAVnbkrDOFEkxJNFQcKgiuAoENilgmDFhpogLKi+FeI+EggrHVtRh2BPvzxLmsdlu1Ku3JyUqpd5HAWwB/bBIbDBKaiCK1AHDYDBI3gGr+DNeDJejHfjY9I6Z+QzO+APjM8fOOaXRg==</latexit>

Nmax =
p
C/A

<latexit sha1_base64="lxY9YTQmxi9Jq2k31IRT6ixX4Y0=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KIVI/FXjxJBfsBTSib7aZdutmE3YlSYn+KFw+KePWXePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6uwtr6xuVXcLu3s7u0f2OXDto5TRVmLxiJW3YBoJrhkLeAgWDdRjESBYJ1g3Jj5nQemNI/lPUwS5kdkKHnIKQEj9e3yLfY0j3ADe8AjpjH07YpTdebAq8TNSQXlaPbtL28Q0zRiEqggWvdcJwE/Iwo4FWxa8lLNEkLHZMh6hkpi1vjZ/PQpPjXKAIexMiUBz9XfExmJtJ5EgemMCIz0sjcT//N6KYRXfsZlkgKTdLEoTAWGGM9ywAOuGAUxMYRQxc2tmI6IIhRMWiUTgrv88ippn1fdWrV2d1GpX+dxFNExOkFnyEWXqI5uUBO1EEWP6Bm9ojfryXqx3q2PRWvBymeO0B9Ynz+5WpMI</latexit>

N ⇠ C ⇥ t

Samuel D. McDermott, Hai-Bo Yu & Kathryn M. Zurek  “Constraints on 
Scalar Asymmetric Dark Matter from Black Hole Formation in Neutron Stars” 
arXiv:1103.5472; PRD 85 023519

Chris Kouvaris & Peter Tinyakov,

“Constraining Asymmetric Dark Matter through observations of compact stars”,  
Phys. Rev. D 83 083512
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 annihilation catastrophe)

DM freeze-out (eg 100 GeV WIMP)

<latexit sha1_base64="S6keDa/SDDXOvU3yiTLFczcwWZQ=">AAACGHicbVC7TsMwFHXKq5RXgZHFokJiKgmCwljBwkaR6ENqoshxnNaqHUe2g6iifAYLv8LCAEKs3fgb3MdQWo5k6eicc3V9T5AwqrRt/1iFldW19Y3iZmlre2d3r7x/0FIilZg0sWBCdgKkCKMxaWqqGekkkiAeMNIOBrdjv/1EpKIiftTDhHgc9WIaUYy0kfzyWebec9JDfuZKDkOeu8LE4bwY5Dl0UZJI8Qwv/XLFrtoTwGXizEgFzNDwyyM3FDjlJNaYIaW6jp1oL0NSU8xIXnJTRRKEB6hHuobGiBPlZZPDcnhilBBGQpoXazhR5ycyxJUa8sAkOdJ9teiNxf+8bqqjay+jcZJqEuPpoihlUAs4bgmGVBKs2dAQhCU1f4W4jyTC2nRZMiU4iycvk9Z51alVaw8XlfrNrI4iOALH4BQ44ArUwR1ogCbA4AW8gQ/wab1a79aX9T2NFqzZzCH4A2v0C9xZoEg=</latexit>

⌦dm

⌦b
⇡ 5

?

ASYMMETRIC DM

<latexit sha1_base64="MAWx8s+ZHH6VRinKgCTmPjWnioI="></latexit>

Ydm / 1

h�vi

<latexit sha1_base64="6sztc1vrCnsxWW2jGgvazqP+y3Y=">AAAB/HicdVDLSsNAFJ3UV62vaJduBovgqiRFYrsrdeOygn1IE8JkOmmHTpJhZiKEUH/FjQtF3Poh7vwbJ20FFT1w4XDOvdx7T8AZlcqyPozS2vrG5lZ5u7Kzu7d/YB4e9WWSCkx6OGGJGAZIEkZj0lNUMTLkgqAoYGQQzC4Lf3BHhKRJfKMyTrwITWIaUoyUlnyzeuvnnTl0uUi4SqAbpX7HN2tW3dJwHFgQu2nZmrRazUajBe2FZVk1sELXN9/dcYLTiMQKMyTlyLa48nIkFMWMzCtuKglHeIYmZKRpjCIivXxx/ByeamUMw0ToihVcqN8nchRJmUWB7oyQmsrfXiH+5Y1SFTa9nMY8VSTGy0VhyqB+s0gCjqkgWLFME4QF1bdCPEUCYaXzqugQvj6F/5N+o247def6vNburOIog2NwAs6ADS5AG1yBLugBDDLwAJ7As3FvPBovxuuytWSsZqrgB4y3T5MnlMI=</latexit>

YB / µB



By construction, asymmetric DM does not annihilate « today »

no indirect detection (ie gamma-rays)

Destruction of NS may be a possible signature 

Mere lack/absence of old NS in dense DM regions 

GW from solar-mass BH

C. Kouvaris, P. Tinyakov, MHGT, PRL 121 (2018) 22, 221102 
NonPrimordial Solar Mass Black Holes

SIGNATURES OF ASYMMETRIC DM ? 



C. Kouvaris, P. Tinyakov, MHGT, PRL 121 (2018) 22, 221102 
NonPrimordial Solar Mass Black Holes

GW FROM SOLAR-MASS BH



I. Asymmetric DM capture 

II. DM thermalisation

III. DM self-gravitating

V. NS turned into solar-mass BH 

(timescale ~ mins to yrs) 

<latexit sha1_base64="p2g8Bpa9kGMTPYfemzHmurcn+kw=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4GmZEqsuiC11WsCp0hiGTpk5oHmNyRyhD/8KNv+LGhSJudeffmNYufB1IOJxzD8k9aS64hSD48Cozs3PzC9XF2tLyyupafX3jwurCUNahWmhzlRLLBFesAxwEu8oNIzIV7DIdHI/9y1tmLNfqHIY5iyW5VrzPKQEnJXXfJGVkJIZshCPLpbtuDJTnONIuhk9wZDKdKCyTiGZ8lNQbgR9MgP+ScEoaaIp2Un+PepoWkimggljbDYMc4pIY4FSwUS0qLMsJHZBr1nVUEclsXE72GuEdp/RwXxt3FOCJ+j1REmntUKZuUhLI7G9vLP7ndQvoH8YlV3kBTNGvh/qFwKDxuCTc44ZREENHCDXc/RXTjBhCwVVZcyWEv1f+Sy72/LDpN8/2G62jaR1VtIW20S4K0QFqoVPURh1E0R16QE/o2bv3Hr0X7/VrtOJNM5voB7y3T4DEn4Y=</latexit>

rth ⇠

s
T

G⇢nm�

<latexit sha1_base64="kIlvfogg1UVS1siyAwsj8Rt9zdI="></latexit>

⇠ few meters

✓
GeV

m�

◆1/2

<latexit sha1_base64="y8tkUPNHtjRkABrDf3KLmiTVUvU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYSgKoMFYwwFgk+pCaEDmu01q148h2EFXUnYVfYWEAIVZ+gI2/wW0zQMuRrnR0zr26954wYVRpx/m2FhaXlldWC2vF9Y3NrW17Z7epRCoxaWDBhGyHSBFGY9LQVDPSTiRBPGSkFQ4ux37rnkhFRXyrhwnxOerFNKIYaSMFdsmTfRF4uE+hpyiHHg/FQ+ZJDq9I8wjz0d1JYJedijMBnCduTsogRz2wv7yuwCknscYMKdVxnUT7GZKaYkZGRS9VJEF4gHqkY2iMOFF+NvllBA+M0oWRkKZiDSfq74kMcaWGPDSdHOm+mvXG4n9eJ9XRuZ/ROEk1ifF0UZQyqAUcBwO7VBKs2dAQhCU1t0LcRxJhbeIrmhDc2ZfnSfO44lYr1ZvTcu0ij6MA9kEJHAIXnIEauAZ10AAYPIJn8ArerCfrxXq3PqatC1Y+swf+wPr8ASDsmno=</latexit>

⇢� ⇠ GeV/cm3 (could be much larger)

<latexit sha1_base64="W5gXb3uHhqqq6rqagco21pOURb4="></latexit>

Ncapt ⇠ 1042
GeV

m�
⇠ 10�15M�

<latexit sha1_base64="1vqMks9B+POMWEFlI4avYyYxKy4=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWZEqsuiG5cV7AM6Q8mkaRuaZIbkjlCGbt34K25cKOLWP3Dn35i2I2jrgcDhnHO5uSdKBDfgeV9OYWV1bX2juFna2t7Z3XP3D5omTjVlDRqLWLcjYpjgijWAg2DtRDMiI8Fa0eh66rfumTY8VncwTlgoyUDxPqcErNR1cWD4QJJuFtAhx2qCgwHYtPzRadctexVvBrxM/JyUUY561/0MejFNJVNABTGm43sJhBnRwKlgk1KQGpYQOiID1rFUEclMmM0umeATq/RwP9b2KcAz9fdERqQxYxnZpCQwNIveVPzP66TQvwwzrpIUmKLzRf1UYIjxtBbc45pREGNLCNXc/hXTIdGEgi2vZEvwF09eJs2zil+tVG/Py7WrvI4iOkLH6BT56ALV0A2qowai6AE9oRf06jw6z86b8z6PFpx85hD9gfPxDX8kmjk=</latexit>

��n & �c (could be much smaller)

?

IV. DM gravitational collapse  



DM cloud thermalized & confined within the thermal radius


III. SELF-GRAVITATING DM 

DM self-gravitating when

<latexit sha1_base64="/y8kFziD7JR5aWMsUK7yj7R7tqI=">AAACB3icbVDLSgMxFM3UV62vqktBgkWomzIjUl0W3bgpVLAP6JQhk6ZtaJIZkjtCGbpz46+4caGIW3/BnX9j+lho64HA4ZxzubknjAU34LrfTmZldW19I7uZ29re2d3L7x80TJRoyuo0EpFuhcQwwRWrAwfBWrFmRIaCNcPhzcRvPjBteKTuYRSzjiR9xXucErBSkD+uBj4dcOz3wYYkrgaqqIPU1xLDYHwW5AtuyZ0CLxNvTgpojlqQ//K7EU0kU0AFMabtuTF0UqKBU8HGOT8xLCZ0SPqsbakikplOOr1jjE+t0sW9SNunAE/V3xMpkcaMZGiTksDALHoT8T+vnUDvqpNyFSfAFJ0t6iUCQ4QnpeAu14yCGFlCqOb2r5gOiCYUbHU5W4K3ePIyaZyXvHKpfHdRqFzP68iiI3SCishDl6iCblEN1RFFj+gZvaI358l5cd6dj1k048xnDtEfOJ8/7fWYuw==</latexit>

M� & Mn(rth)

for

<latexit sha1_base64="y8tkUPNHtjRkABrDf3KLmiTVUvU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYSgKoMFYwwFgk+pCaEDmu01q148h2EFXUnYVfYWEAIVZ+gI2/wW0zQMuRrnR0zr26954wYVRpx/m2FhaXlldWC2vF9Y3NrW17Z7epRCoxaWDBhGyHSBFGY9LQVDPSTiRBPGSkFQ4ux37rnkhFRXyrhwnxOerFNKIYaSMFdsmTfRF4uE+hpyiHHg/FQ+ZJDq9I8wjz0d1JYJedijMBnCduTsogRz2wv7yuwCknscYMKdVxnUT7GZKaYkZGRS9VJEF4gHqkY2iMOFF+NvllBA+M0oWRkKZiDSfq74kMcaWGPDSdHOm+mvXG4n9eJ9XRuZ/ROEk1ifF0UZQyqAUcBwO7VBKs2dAQhCU1t0LcRxJhbeIrmhDc2ZfnSfO44lYr1ZvTcu0ij6MA9kEJHAIXnIEauAZ10AAYPIJn8ArerCfrxXq3PqatC1Y+swf+wPr8ASDsmno=</latexit>

⇢� ⇠ GeV/cm3

t ~ Gyr
<latexit sha1_base64="QpPZdf8gF6Pj15/D2JS+YivZxpE=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4kJKIVo9FL4KXCv2CJpbNdtMu3WzC7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0439bK6tr6xmZhq7i9s7u3bx8cNlWcSkIbJOaxbAdYUc4EbWimOW0nkuIo4LQVDO+mfmtEpWKxqOtxQv0I9wULGcHaSF3briNPsQi5ztMV8s7RQ9cuOWVnBrRM3JyUIEeta395vZikERWacKxUx3US7WdYakY4nRS9VNEEkyHu046hAkdU+dns8gk6NUoPhbE0JTSaqb8nMhwpNY4C0xlhPVCL3lT8z+ukOrzxMyaSVFNB5ovClCMdo2kMqMckJZqPDcFEMnMrIgMsMdEmrKIJwV18eZk0L8pupVx5vCxVb/M4CnAMJ3AGLlxDFe6hBg0gMIJneIU3K7NerHfrY966YuUzR/AH1ucPajaRlg==</latexit>

T ⇠ 105 K

<latexit sha1_base64="K5OsX1lqYdUMFxt2NR1vaag5Nqw="></latexit>

N� & Ncapt ⇠ 1042GeV/m�

<latexit sha1_base64="eKGIas9RjgJxBRM4kiuMdOOSjrU="></latexit>

N� ⇠ 1044
✓
GeV

m�

◆

but (typically)

old & cold NS in dense DM regions



II. DM thermalisation

III. DM self-gravitating

V. NS turned into solar-mass BH 

<latexit sha1_base64="y8tkUPNHtjRkABrDf3KLmiTVUvU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYSgKoMFYwwFgk+pCaEDmu01q148h2EFXUnYVfYWEAIVZ+gI2/wW0zQMuRrnR0zr26954wYVRpx/m2FhaXlldWC2vF9Y3NrW17Z7epRCoxaWDBhGyHSBFGY9LQVDPSTiRBPGSkFQ4ux37rnkhFRXyrhwnxOerFNKIYaSMFdsmTfRF4uE+hpyiHHg/FQ+ZJDq9I8wjz0d1JYJedijMBnCduTsogRz2wv7yuwCknscYMKdVxnUT7GZKaYkZGRS9VJEF4gHqkY2iMOFF+NvllBA+M0oWRkKZiDSfq74kMcaWGPDSdHOm+mvXG4n9eJ9XRuZ/ROEk1ifF0UZQyqAUcBwO7VBKs2dAQhCU1t0LcRxJhbeIrmhDc2ZfnSfO44lYr1ZvTcu0ij6MA9kEJHAIXnIEauAZ10AAYPIJn8ArerCfrxXq3PqatC1Y+swf+wPr8ASDsmno=</latexit>

⇢� ⇠ GeV/cm3 (could be much larger)

<latexit sha1_base64="W5gXb3uHhqqq6rqagco21pOURb4="></latexit>

Ncapt ⇠ 1042
GeV

m�
⇠ 10�15M�

<latexit sha1_base64="1vqMks9B+POMWEFlI4avYyYxKy4=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWZEqsuiG5cV7AM6Q8mkaRuaZIbkjlCGbt34K25cKOLWP3Dn35i2I2jrgcDhnHO5uSdKBDfgeV9OYWV1bX2juFna2t7Z3XP3D5omTjVlDRqLWLcjYpjgijWAg2DtRDMiI8Fa0eh66rfumTY8VncwTlgoyUDxPqcErNR1cWD4QJJuFtAhx2qCgwHYtPzRadctexVvBrxM/JyUUY561/0MejFNJVNABTGm43sJhBnRwKlgk1KQGpYQOiID1rFUEclMmM0umeATq/RwP9b2KcAz9fdERqQxYxnZpCQwNIveVPzP66TQvwwzrpIUmKLzRf1UYIjxtBbc45pREGNLCNXc/hXTIdGEgi2vZEvwF09eJs2zil+tVG/Py7WrvI4iOkLH6BT56ALV0A2qowai6AE9oRf06jw6z86b8z6PFpx85hD9gfPxDX8kmjk=</latexit>

��n & �c (could be much smaller…)

<latexit sha1_base64="eKGIas9RjgJxBRM4kiuMdOOSjrU="></latexit>

N� ⇠ 1044
✓
GeV

m�

◆
(old/cold NS, 


dense DM regions)

?

(timescale ~ mins to yrs) 

<latexit sha1_base64="p2g8Bpa9kGMTPYfemzHmurcn+kw=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4GmZEqsuiC11WsCp0hiGTpk5oHmNyRyhD/8KNv+LGhSJudeffmNYufB1IOJxzD8k9aS64hSD48Cozs3PzC9XF2tLyyupafX3jwurCUNahWmhzlRLLBFesAxwEu8oNIzIV7DIdHI/9y1tmLNfqHIY5iyW5VrzPKQEnJXXfJGVkJIZshCPLpbtuDJTnONIuhk9wZDKdKCyTiGZ8lNQbgR9MgP+ScEoaaIp2Un+PepoWkimggljbDYMc4pIY4FSwUS0qLMsJHZBr1nVUEclsXE72GuEdp/RwXxt3FOCJ+j1REmntUKZuUhLI7G9vLP7ndQvoH8YlV3kBTNGvh/qFwKDxuCTc44ZREENHCDXc/RXTjBhCwVVZcyWEv1f+Sy72/LDpN8/2G62jaR1VtIW20S4K0QFqoVPURh1E0R16QE/o2bv3Hr0X7/VrtOJNM5voB7y3T4DEn4Y=</latexit>

rth ⇠

s
T

G⇢nm�

<latexit sha1_base64="kIlvfogg1UVS1siyAwsj8Rt9zdI="></latexit>

⇠ few meters

✓
GeV

m�

◆1/2

<latexit sha1_base64="wl5YkxMVWrfP7NAGyTHkfKHJGn8=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiy6cVkffUATwmQ6aYfOTMLMRCwhOzf+ihsXirj1F9z5N07TLrT1wIXDOfdy7z1hwqjSjvNtLSwuLa+sltbK6xubW9v2zm5LxanEpIljFstOiBRhVJCmppqRTiIJ4iEj7XB4Ofbb90QqGos7PUqIz1Ff0IhipI0U2Ac3QeZJDm/xIIeeohx6PIwfCi3ieWBXnKpTAM4Td0oqYIpGYH95vRinnAiNGVKq6zqJ9jMkNcWM5GUvVSRBeIj6pGuoQJwoPyv+yOGRUXowiqUpoWGh/p7IEFdqxEPTyZEeqFlvLP7ndVMdnfsZFUmqicCTRVHKoI7hOBTYo5JgzUaGICypuRXiAZIIaxNd2YTgzr48T1onVbdWrV2fVuoX0zhKYB8cgmPggjNQB1egAZoAg0fwDF7Bm/VkvVjv1sekdcGazuyBP7A+fwCK55kh</latexit>

RSch ⇠ fm

I. Asymmetric DM capture 

IV. DM gravitational collapse  



So far, it did not matter if DM is bosonic or fermionic


My story is essentially about fermions

III. DM self-gravitating

IV. DM gravitational collapse  



degenerate DM cloud


non-relativistic Fermi pressure
<latexit sha1_base64="Rc3bUZmuOD/CuiB2nxogG96D2Ek="></latexit>

E� ⇠ N2/3
�

m�R2
�

GN�m2
�

R

<latexit sha1_base64="JUfGZEiCkgzUTgN4pVIl328o7f4=">AAACI3icbVDLSgMxFM34rPU16tJNsAiu6kwrVVwV3bhRqtgHdNohk6ZtaJIZkoxQhvkXN/6KGxdKcePCfzF9LLT1QOBwzj3c3BNEjCrtOF/W0vLK6tp6ZiO7ubW9s2vv7ddUGEtMqjhkoWwESBFGBalqqhlpRJIgHjBSDwbXY7/+RKSioXjUw4i0OOoJ2qUYaSP59uWDn3iSQ05FCj1FOUxu24WpVmGpF5ow5L6H+7RdhHdTkrinxTT17ZyTdyaAi8SdkRyYoeLbI68T4pgToTFDSjVdJ9KtBElNMSNp1osViRAeoB5pGioQJ6qVTG5M4bFROrAbSvOEhhP1dyJBXKkhD8wkR7qv5r2x+J/XjHX3opVQEcWaCDxd1I0Z1CEcFwY7VBKs2dAQhCU1f4W4jyTC2tSaNSW48ycvkloh75bypfuzXPlqVkcGHIIjcAJccA7K4AZUQBVg8AxewTv4sF6sN2tkfU5Hl6xZ5gD8gfX9A+z6o9U=</latexit>

Rmin ⇠ M2
Pl

m3
�N

1/3
�

<latexit sha1_base64="oeZ8UvXdwfx7g88dzj0zp3E48n8="></latexit>

kF ⇠ N1/3
�

R
⇠

m3
�N

2/3
�

M2
Pl

⇠ m�

relativistic : collapse

Chandrasekhar 
condition

<latexit sha1_base64="HRQutdKcIeKvvUQwYdy9BqQbSlk="></latexit>

NCh ⇠
✓
MPl

m�

◆3

<latexit sha1_base64="aZjSb5hfLNLtEHnKED0oBH9+6OA=">AAACCnicbZDLSsNAFIYn9VbrLerSzWgRXNXESnVZFMSVVLEXaNIwmU7boZNJmJkIJXTtxldx40IRtz6BO9/GaZqFtv4w8PGfczhzfj9iVCrL+jZyC4tLyyv51cLa+sbmlrm905BhLDCp45CFouUjSRjlpK6oYqQVCYICn5GmP7yc1JsPREga8ns1iogboD6nPYqR0pZn7nPPwQMKHUkDOPSuOuUp3qT28V2n7JlFq2SlgvNgZ1AEmWqe+eV0QxwHhCvMkJRt24qUmyChKGZkXHBiSSKEh6hP2ho5Coh0k/SUMTzUThf2QqEfVzB1f08kKJByFPi6M0BqIGdrE/O/WjtWvXM3oTyKFeF4uqgXM6hCOMkFdqkgWLGRBoQF1X+FeIAEwkqnV9Ah2LMnz0PjpGRXSpXb02L1IosjD/bAATgCNjgDVXANaqAOMHgEz+AVvBlPxovxbnxMW3NGNrML/sj4/AHVnJkX</latexit>

n� ⇠ k3F ⇠ N�/R
3

IV. DM GRAVITATIONAL COLLAPSE



Fermi pressure fails to support the cloud if
<latexit sha1_base64="7kLGHWiZhfJVXEu8Ctoyh5zs7zw="></latexit>

NCh ⇠
✓
MPl

m�

◆3

⇠ 1057
✓
GeV

m�

◆3

<latexit sha1_base64="B/94SO5SVpfQBfjrccfu2xCkRsE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlEqsuiC11WsA9oQphMp+3QeYSZiVhCwY2/4saFIm79CXf+jdM2C209cOFwzr3ce0+cMKqN5307haXlldW14nppY3Nre8fd3WtqmSpMGlgyqdox0oRRQRqGGkbaiSKIx4y04uHVxG/dE6WpFHdmlJCQo76gPYqRsVLkHvAowAMKA005DHgsH7JAcXhNmuPILXsVbwq4SPyclEGOeuR+BV2JU06EwQxp3fG9xIQZUoZiRsalINUkQXiI+qRjqUCc6DCb/jCGx1bpwp5UtoSBU/X3RIa41iMe206OzEDPexPxP6+Tmt5FmFGRpIYIPFvUSxk0Ek4CgV2qCDZsZAnCitpbIR4ghbCxsZVsCP78y4ukeVrxq5Xq7Vm5dpnHUQSH4AicAB+cgxq4AXXQABg8gmfwCt6cJ+fFeXc+Zq0FJ5/ZB3/gfP4AZbWXYg==</latexit>

m� ⇠ GeV
<latexit sha1_base64="teCRpUqaGRDwFeny0Et/8yk/MxQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokItVlsRs3hQr2AU0Ik8mkHTqTCTMToYRu/BU3LhRx62e482+ctllo64ELh3Pu5d57wpRRpR3n2yqtrW9sbpW3Kzu7e/sH9uFRV4lMYtLBggnZD5EijCako6lmpJ9KgnjISC8cN2d+75FIRUXyoCcp8TkaJjSmGGkjBfZJK8g9yWFzNIWeohy2Ak9EQgd21ak5c8BV4hakCgq0A/vLiwTOOEk0Zkipgeuk2s+R1BQzMq14mSIpwmM0JANDE8SJ8vP5A1N4bpQIxkKaSjScq78ncsSVmvDQdHKkR2rZm4n/eYNMxzd+TpM00yTBi0VxxqAWcJYGjKgkWLOJIQhLam6FeIQkwtpkVjEhuMsvr5LuZc2t1+r3V9XGbRFHGZyCM3ABXHANGuAOtEEHYDAFz+AVvFlP1ov1bn0sWktWMXMM/sD6/AHJOpXp</latexit>

MCh ⇠ M� fore.g.

<latexit sha1_base64="EU9RMdn7jRuiD/pAtpzDZ7v2LHA="></latexit>

m� & 10PeV

ultra-heavy 
asymmetric 

fermionic DM

<latexit sha1_base64="jLNg8p0yyHyT0BZnpEB+Ru93Nts="></latexit>

Ncapt ⇠ 1042
✓
GeV

m�

◆
& MCh

IV. DM GRAVITATIONAL COLLAPSE



II. DM thermalisation

III. DM self-gravitating

IV. DM black hole  

V. NS turned into solar-mass BH 

<latexit sha1_base64="y8tkUPNHtjRkABrDf3KLmiTVUvU=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZCYSgKoMFYwwFgk+pCaEDmu01q148h2EFXUnYVfYWEAIVZ+gI2/wW0zQMuRrnR0zr26954wYVRpx/m2FhaXlldWC2vF9Y3NrW17Z7epRCoxaWDBhGyHSBFGY9LQVDPSTiRBPGSkFQ4ux37rnkhFRXyrhwnxOerFNKIYaSMFdsmTfRF4uE+hpyiHHg/FQ+ZJDq9I8wjz0d1JYJedijMBnCduTsogRz2wv7yuwCknscYMKdVxnUT7GZKaYkZGRS9VJEF4gHqkY2iMOFF+NvllBA+M0oWRkKZiDSfq74kMcaWGPDSdHOm+mvXG4n9eJ9XRuZ/ROEk1ifF0UZQyqAUcBwO7VBKs2dAQhCU1t0LcRxJhbeIrmhDc2ZfnSfO44lYr1ZvTcu0ij6MA9kEJHAIXnIEauAZ10AAYPIJn8ArerCfrxXq3PqatC1Y+swf+wPr8ASDsmno=</latexit>

⇢� ⇠ GeV/cm3 (could be much larger)

<latexit sha1_base64="W5gXb3uHhqqq6rqagco21pOURb4="></latexit>

Ncapt ⇠ 1042
GeV

m�
⇠ 10�15M�

<latexit sha1_base64="1vqMks9B+POMWEFlI4avYyYxKy4=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwVWZEqsuiG5cV7AM6Q8mkaRuaZIbkjlCGbt34K25cKOLWP3Dn35i2I2jrgcDhnHO5uSdKBDfgeV9OYWV1bX2juFna2t7Z3XP3D5omTjVlDRqLWLcjYpjgijWAg2DtRDMiI8Fa0eh66rfumTY8VncwTlgoyUDxPqcErNR1cWD4QJJuFtAhx2qCgwHYtPzRadctexVvBrxM/JyUUY561/0MejFNJVNABTGm43sJhBnRwKlgk1KQGpYQOiID1rFUEclMmM0umeATq/RwP9b2KcAz9fdERqQxYxnZpCQwNIveVPzP66TQvwwzrpIUmKLzRf1UYIjxtBbc45pREGNLCNXc/hXTIdGEgi2vZEvwF09eJs2zil+tVG/Py7WrvI4iOkLH6BT56ALV0A2qowai6AE9oRf06jw6z86b8z6PFpx85hD9gfPxDX8kmjk=</latexit>

��n & �c (could be much smaller…)

<latexit sha1_base64="eKGIas9RjgJxBRM4kiuMdOOSjrU="></latexit>

N� ⇠ 1044
✓
GeV

m�

◆
(old, cold NS, 


dense DM regions)

(timescale ~ mins to yrs) 

<latexit sha1_base64="p2g8Bpa9kGMTPYfemzHmurcn+kw=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4GmZEqsuiC11WsCp0hiGTpk5oHmNyRyhD/8KNv+LGhSJudeffmNYufB1IOJxzD8k9aS64hSD48Cozs3PzC9XF2tLyyupafX3jwurCUNahWmhzlRLLBFesAxwEu8oNIzIV7DIdHI/9y1tmLNfqHIY5iyW5VrzPKQEnJXXfJGVkJIZshCPLpbtuDJTnONIuhk9wZDKdKCyTiGZ8lNQbgR9MgP+ScEoaaIp2Un+PepoWkimggljbDYMc4pIY4FSwUS0qLMsJHZBr1nVUEclsXE72GuEdp/RwXxt3FOCJ+j1REmntUKZuUhLI7G9vLP7ndQvoH8YlV3kBTNGvh/qFwKDxuCTc44ZREENHCDXc/RXTjBhCwVVZcyWEv1f+Sy72/LDpN8/2G62jaR1VtIW20S4K0QFqoVPURh1E0R16QE/o2bv3Hr0X7/VrtOJNM5voB7y3T4DEn4Y=</latexit>

rth ⇠

s
T

G⇢nm�

<latexit sha1_base64="kIlvfogg1UVS1siyAwsj8Rt9zdI="></latexit>

⇠ few meters

✓
GeV

m�

◆1/2

<latexit sha1_base64="7kLGHWiZhfJVXEu8Ctoyh5zs7zw="></latexit>

NCh ⇠
✓
MPl

m�

◆3

⇠ 1057
✓
GeV

m�

◆3

<latexit sha1_base64="+b6n5sgSQedPyzhKrLTUhx0jL9s=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmZEqsuiG5cV7AM6Q8mkmTY0mQzJHbEM/QA3/oobF4q49QPc+Tem7Sy09UDgcM653NwTJoIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03jUo1ZQ2qhNLtkBgmeMwawEGwdqIZkaFgrXB4PfFb90wbruI7GCUskKQf84hTAlbqlsqy69MBx34fbEhiz8X+KfZlqB4yX0tcZ82xTbkVdwq8SLyclFGOerf05fcUTSWLgQpiTMdzEwgyooFTwcZFPzUsIXRI+qxjaUwkM0E2PWaMj63Sw5HS9sWAp+rviYxIY0YytElJYGDmvYn4n9dJIboMMh4nKbCYzhZFqcCg8KQZ3OOaURAjSwjV3P4V0wHRhILtr2hL8OZPXiTNs4pXrVRvz8u1q7yOAjpER+gEeegC1dANqqMGougRPaNX9OY8OS/Ou/Mxiy45+cwB+gPn8wfTe5o7</latexit>

m� & 10PeV

Bondi accretion vs Hawking radiation

I. Asymmetric DM capture 



Garani, Genolini & Hambye (2019)

DM rich 
regions



Typically, DM initially in thermal equilibrium. 


<latexit sha1_base64="K/yrNACGyi9tdzQNvyDtY2VyMy0=">AAACI3icbVDLTgIxFO3gC/GFunTTSExckRlC0LgiunGJiTwSBkmnXKCh7UzaDgmZ8C9u/BU3LjTEjQv/xQKzUPAkNzk559723hNEnGnjul9OZmNza3snu5vb2z84PMofnzR0GCsKdRryULUCooEzCXXDDIdWpICIgEMzGN3N/eYYlGahfDSTCDqCDCTrM0qMlbr5G58TOeCAfc0GguAx9lUqcNBaM4GTMvYjhv3QvoNF16dD9lTC42k3X3CL7gJ4nXgpKaAUtW5+5vdCGguQhnKiddtzI9NJiDKMcpjm/FhDROiIDKBtqSQCdCdZ3DjFF1bp4X6obEmDF+rviYQIrScisJ2CmKFe9ebif147Nv3rTsJkFBuQdPlRP+bYhHgeGO4xBdTwiSWEKmZ3xXRIFKHGxpqzIXirJ6+TRqnoVYqVh3KhepvGkUVn6BxdIg9doSq6RzVURxQ9o1f0jj6cF+fNmTmfy9aMk86coj9wvn8A8Nuj2A==</latexit>

h�vi . 4⇡

m2
�v

This is bounded by unitarity

One of the complications is to suppress the symmetric 
part, which requires a large annihilation cross section.   

Griest & Kamionkowski (1990)

<latexit sha1_base64="7nfWhF7WGazTcUU9oT9XmNVKrkY="></latexit>

h�vi & 10�36cm2/s
<latexit sha1_base64="A0yWV5dLZ5pI3R2EP/rooRK6vhY=">AAACDnicbVBNS8NAEN34WetX1KOXxVLwICURqR6LXjxW6Bc0IWy203bpbhJ2N2IJ/QVe/CtePCji1bM3/43bNgdtfTDweG+GmXlhwpnSjvNtrayurW9sFraK2zu7e/v2wWFLxamk0KQxj2UnJAo4i6CpmebQSSQQEXJoh6Obqd++B6lYHDX0OAFfkEHE+owSbaTALovAo0OGPQ5KKSaw6zjYO8OeCOOHzJMCN6A1CeySU3FmwMvEzUkJ5agH9pfXi2kqINKUE6W6rpNoPyNSM8phUvRSBQmhIzKArqEREaD8bPbOBJeN0sP9WJqKNJ6pvycyIpQai9B0CqKHatGbiv953VT3r/yMRUmqIaLzRf2UYx3jaTa4xyRQzceGECqZuRXTIZGEapNg0YTgLr68TFrnFbdaqd5dlGrXeRwFdIxO0Cly0SWqoVtUR01E0SN6Rq/ozXqyXqx362PeumLlM0foD6zPHyVtmu0=</latexit>

m� . 100TeV

The trouble (among others things) with Asymmetric DM 

unitarity 

bound 

<latexit sha1_base64="5LS4jCHWUp/zC3qn4TqFrORKPWE=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSBYSNgViYJN0MYygnlAdgmzk9lkyDyWmVkxLGls/BUbC0Vs/Qc7/8ZJsoUmHrhwOOde7r0nShjVxvO+nYXFpeWV1cJacX1jc2vb3dltaJkqTOpYMqlaEdKEUUHqhhpGWokiiEeMNKPB9dhv3hOlqRR3ZpiQkKOeoDHFyFip4x4EjMHgEvoeDE5gwCP5kAWKwxppjGDHLXllbwI4T/yclECOWsf9CroSp5wIgxnSuu17iQkzpAzFjIyKQapJgvAA9UjbUoE40WE2+WIEj6zShbFUtoSBE/X3RIa41kMe2U6OTF/PemPxP6+dmvgizKhIUkMEni6KUwaNhONIYJcqgg0bWoKwovZWiPtIIWxscEUbgj/78jxpnJb9Srlye1aqXuVxFMA+OATHwAfnoApuQA3UAQaP4Bm8gjfnyXlx3p2PaeuCk8/sgT9wPn8ATl6Wkg==</latexit>⌧ 10PeV

gravitational

collapse

suppress 

symmetric part



Q: HOW TO BEAT FERMI PRESSURE ? 

DM self-interactions ? 

Softer Equation of State ?

Models of ultra-heavy asymmetric DM ? 



DM SELF-INTERACTIONS ? 

Cold Dark Matter (CDM) works perfect on large scales

But there are issues on galactic and sub-galactic scales

A cusp or a core at the center of (dwarf) galaxies ? 

collisionless DM self-interacting DM ? 

Spergel & Steinhardt (1999)

<latexit sha1_base64="RPT2px4vIU71AWdSyWiNtJmhBIo=">AAACE3icbZC7SgNBFIZn4y3G26qlzWAQxCLZFYmWQQstI5gLZMMyOztJhsxlmZkVw5J3sPFVbCwUsbWx822cXApN/GHg5zvncOb8UcKoNp737eSWlldW1/LrhY3Nre0dd3evoWWqMKljyaRqRUgTRgWpG2oYaSWKIB4x0owGV+N6854oTaW4M8OEdDjqCdqlGBmLQvck0LTHUZmHWaA4jPkIWsJhwCP5MEERUqJ8TRqj0C16JW8iuGj8mSmCmWqh+xXEEqecCIMZ0rrte4npZEgZihkZFYJUkwThAeqRtrUCcaI72eSmETyyJIZdqewTBk7o74kMca2HPLKdHJm+nq+N4X+1dmq6F52MiiQ1RODpom7KoJFwHBCMqSLYsKE1CCtq/wpxHymEjY2xYEPw509eNI3Tkl8pVW7PitXLWRx5cAAOwTHwwTmoghtQA3WAwSN4Bq/gzXlyXpx352PamnNmM/vgj5zPH6D8ngQ=</latexit>

�/mdm ⇠ barn/GeV



Homogeneous DM sphere, N particles, Yukawa potential

C. Kouvaris, P. Tinyakov, 
MHG, PRL 121 (2018) 22, 
221102

NR Fermi pressure

<latexit sha1_base64="s0iELyajGhXRX3A/3l+dHUCrvwU="></latexit>

E� ⇠ N2/3

m�R2
� ↵N

m�R3
�

GNm2
�

R

<latexit sha1_base64="jztW9hHwq9LUyCxauco7BlPVoEM="></latexit>

NCh ⇠
✓

m�p
↵m�

◆3 ✓MPl

m�

◆3

range ~ 
<latexit sha1_base64="14tZY2UHT+Av0FxxoF2SAkf82Sc=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4qrsi1WPRi8cK9gPapWTTbBuaZGOSFcrSP+HFgyJe/Tve/Dem7R609cHA470ZZuZFijNjff/bW1ldW9/YLGwVt3d29/ZLB4dNk6Sa0AZJeKLbETaUM0kblllO20pTLCJOW9Hoduq3nqg2LJEPdqxoKPBAspgRbJ3UDs5Fr6uGrFcq+xV/BrRMgpyUIUe9V/rq9hOSCiot4diYTuArG2ZYW0Y4nRS7qaEKkxEe0I6jEgtqwmx27wSdOqWP4kS7khbN1N8TGRbGjEXkOgW2Q7PoTcX/vE5q4+swY1KllkoyXxSnHNkETZ9HfaYpsXzsCCaauVsRGWKNiXURFV0IweLLy6R5UQmqler9Zbl2k8dRgGM4gTMI4ApqcAd1aAABDs/wCm/eo/fivXsf89YVL585gj/wPn8Ad6qPng==</latexit>

1/m�

attractive
<latexit sha1_base64="Tq6ynHdBlvbGkbnnOQjs+2aSm24=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpevFYwX5gG8pku2mXbjZhdyOU0H/hxYMiXv033vw3btsctPpg4PHeDDPzgkRwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TRVmTxiJWnQA1E1yypuFGsE6iGEaBYO1gfDPz249MaR7LezNJmB/hUPKQUzRWeuihSEZIrojbL1fcqjsH+Uu8nFQgR6Nf/uwNYppGTBoqUOuu5ybGz1AZTgWblnqpZgnSMQ5Z11KJEdN+Nr94Sk6sMiBhrGxJQ+bqz4kMI60nUWA7IzQjvezNxP+8bmrCSz/jMkkNk3SxKEwFMTGZvU8GXDFqxMQSpIrbWwkdoUJqbEglG4K3/PJf0jqrerVq7e68Ur/O4yjCERzDKXhwAXW4hQY0gYKEJ3iBV0c7z86b875oLTj5zCH8gvPxDTUxj/k=</latexit>

↵ > 0



C. Kouvaris, P. Tinyakov, MHG, 
PRL 121 (2018) 22, 221102

<latexit sha1_base64="A31gw5b++gFDrILAeTxIUnVXNRw=">AAAB/HicbZDLSsNAFIZPvNZ6i3bpZrAIblqSItVl0Y3LCvYCbSyT6aQdOpmEmYkQQn0VNy4UceuDuPNtnLZZaOsPAx//OYdz5vdjzpR2nG9rbX1jc2u7sFPc3ds/OLSPjtsqSiShLRLxSHZ9rChngrY005x2Y0lx6HPa8Sc3s3rnkUrFInGv05h6IR4JFjCCtbEGdsl1HrKK60xRBS2wNh3YZafqzIVWwc2hDLmaA/urP4xIElKhCcdK9Vwn1l6GpWaE02mxnygaYzLBI9ozKHBIlZfNj5+iM+MMURBJ84RGc/f3RIZDpdLQN50h1mO1XJuZ/9V6iQ6uvIyJONFUkMWiIOFIR2iWBBoySYnmqQFMJDO3IjLGEhNt8iqaENzlL69Cu1Z169X63UW5cZ3HUYATOIVzcOESGnALTWgBgRSe4RXerCfrxXq3Phata1Y+U4I/sj5/APrCkm0=</latexit>

10�10 � 10�12

(solutions to core/cusp problem)

dark 

matter

mass

mediator

mass

<latexit sha1_base64="jztW9hHwq9LUyCxauco7BlPVoEM="></latexit>

NCh ⇠
✓

m�p
↵m�

◆3 ✓MPl

m�

◆3

<latexit sha1_base64="f1zeJYE5jWOKtaP9Ws0EN1KkaBM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1RL9HRqxfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukdVENatXa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/hf6PHQ==</latexit>m�
<latexit sha1_base64="TLmdvusJ/9DKXYtLc2pW5uXAqbg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1RL+XjFi/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MbXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia1Kq1+8tK/SaPowgncArnEMAV1OEOGtAEAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AJnMjyo=</latexit>m�



Spin 1        repulsive (not useful for our purpose)

Spin 0        attractive ~ Yukawa interaction

Spin 2        attractive ~ massive graviton

WHICH SELF-INTERACTIONS ? 



<latexit sha1_base64="6Rio2LrFpIVh+ECBucRDA5vli2U="></latexit>

L = i ̄@ �m ̄ + µ̃  ̄�0 +
1

2
@µ�@

µ�� 1

2
m2

��
2 � g  ̄ �

 Waleka model

<latexit sha1_base64="Pn/Cq3SUS6M7RnBzSMpgt5FuWIw="></latexit>

m⇤ = m+ gh�i ! m⇤ = m� g2

m2
�

ns(m⇤)

(scalar density ≠ number density)

Spin 0 mediator ~ Yukawa interaction 

DM

Low densities
<latexit sha1_base64="X90CJGZAywHrolFhncqp8M1g7sI=">AAACGXicbVDLSgMxFM34rPVVdekmWARXZUakuhFENy4r2Fbo1HInc2cMZjIhyYil+Btu/BU3LhRxqSv/xvSx8HUgcHLOPST3REpwY33/05uanpmdmy8tlBeXlldWK2vrLZMXmmGT5SLXFxEYFFxi03Ir8EJphCwS2I6uT4Z++wa14bk8t32F3QxSyRPOwDqpV/Flz9AQlNL5LQ0FyFQgDZXhl2EMaYp6dAn12DikLlL1a/4I9C8JJqRKJmj0Ku9hnLMiQ2mZAGM6ga9sdwDacibwrhwWBhWwa0ix46iEDE13MNrsjm47JaZJrt2Rlo7U74kBZMb0s8hNZmCvzG9vKP7ndQqbHHQHXKrComTjh5JCUJvTYU005hqZFX1HgGnu/krZFWhg1pVZdiUEv1f+S1q7taBeq5/tVY+OJ3WUyCbZIjskIPvkiJySBmkSRu7JI3kmL96D9+S9em/j0SlvktkgP+B9fAEFXaBP</latexit>

ns ⇡ h † i = n

High densities

(same as estimate)

<latexit sha1_base64="F0wHUOhGcAeHu5X86rPiQQ73ey8=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVckWgZtLCOYB2RDmJ1MkiHzWGbuqmFJa+Ov2FgoYusf2Pk3Th6FJh64cDjnXu69J04EtxAE397S8srq2npuI7+5tb2z6+/t16xODWVVqoU2jZhYJrhiVeAgWCMxjMhYsHo8uBr79TtmLNfqFoYJa0nSU7zLKQEntX2s2hZHhvf6QIzR9ziSsX7IIiMx1crCqO0XgmIwAV4k4YwU0AyVtv8VdTRNJVNABbG2GQYJtDJigFPBRvkotSwhdEB6rOmoIpLZVjb5ZISPndLBXW1cKcAT9fdERqS1Qxm7Tkmgb+e9sfif10yhe9HKuEpSYIpOF3VTgUHjcSy4ww2jIIaOEGq4uxXTPjGEggsv70II519eJLXTYlgqlm7OCuXLWRw5dIiO0AkK0Tkqo2tUQVVE0SN6Rq/ozXvyXrx372PauuTNZg7QH3ifPyeAmqc=</latexit>

ns ! const
<latexit sha1_base64="WEl7CeEOlbdzz0tIxymMLRwdFLQ=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6rLoxmUF+4AmhMl00g6dScLMjVJD8VfcuFDErf/hzr9x2mahrQcuHM65l3vvCVPBNTjOt7W0vLK6tl7aKG9ube/s2nv7LZ1kirImTUSiOiHRTPCYNYGDYJ1UMSJDwdrh8Hrit++Z0jyJ72CUMl+SfswjTgkYKbAPZeARDdhTvD8AolTygJ3ArjhVZwq8SNyCVFCBRmB/eb2EZpLFQAXRuus6Kfg5UcCpYOOyl2mWEjokfdY1NCaSaT+fXj/GJ0bp4ShRpmLAU/X3RE6k1iMZmk5JYKDnvYn4n9fNILr0cx6nGbCYzhZFmcCQ4EkUuMcVoyBGhhCquLkV0wFRhIIJrGxCcOdfXiSts6pbq9Zuzyv1qyKOEjpCx+gUuegC1dENaqAmougRPaNX9GY9WS/Wu/Uxa12yipkD9AfW5w8alpUD</latexit>

m⇤ ! 0&

<latexit sha1_base64="hfBclHiI3S2puAMyX71kGh1KHDg="></latexit>

ns = h ̄ i ⇠
Z kF

0
dk k2

m⇤p
k2 +m2

⇤

<latexit sha1_base64="HRQutdKcIeKvvUQwYdy9BqQbSlk="></latexit>

NCh ⇠
✓
MPl

m�

◆3

Gresham & Zurek (2018) 

mediator

<latexit sha1_base64="NElIv+M9RoCz1W0LSR/GGH0bynU="></latexit>

⇢ ⇡ mn+
n5/3

m
� g2n2

s

m2
�

(modifies DM mass)



Spin 1        repulsive (not useful for our purpose)

Spin 0        attractive ~ Yukawa interaction

Spin 2        attractive ~ massive graviton ?

Which DM self-interactions ? 

(at the end, not useful)



<latexit sha1_base64="u3C1TahzgvPPJ+7B7RMdTBVwIkk="></latexit>

L = ū(p)


/p+ µ�0 �m+

2c�
4⇤

Gµ⌫(�
µp⌫ + �⌫pµ � 2gµ⌫(/p�m))

�
u(p)� 1

2
M2G2

MASSIVE SPIN-2

Unlike spin 0,         couples to the number of particles (ie conserved number)

Like gravity, massive spin 2 leads to collapse,

<latexit sha1_base64="LvUJlstH1fk49o/p0s/wIenaPP8="></latexit>

⇢ ⇠ m�n+
n5/3

m�
�

c2�
⇤2

m2
�n

2

M2

<latexit sha1_base64="iF6oK25vN3GrkgibmAAGeFpgRrw=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BD3qMYB6YXcLsZJIMmZld5iGEJX/hxYMiXv0bb/6Nk2QPGi1oKKq66e6KU8608f0vr7Cyura+UdwsbW3v7O6V9w9aOrGK0CZJeKI6MdaUM0mbhhlOO6miWMSctuPx9cxvP1KlWSLvzSSlkcBDyQaMYOOkh5teFgobSjvtlSt+1Z8D/SVBTiqQo9Erf4b9hFhBpSEca90N/NREGVaGEU6npdBqmmIyxkPadVRiQXWUzS+eohOn9NEgUa6kQXP150SGhdYTEbtOgc1IL3sz8T+va83gMsqYTK2hkiwWDSxHJkGz91GfKUoMnziCiWLuVkRGWGFiXEglF0Kw/PJf0jqrBrVq7e68Ur/K4yjCERzDKQRwAXW4hQY0gYCEJ3iBV097z96b975oLXj5zCH8gvfxDcrikQQ=</latexit>

Gµ⌫

<latexit sha1_base64="k/LKZcdB85QLYhzF5HKEQXXaEL8="></latexit>

NCh ⇠
✓

⇤M

c�m2
�

◆3 ✓MPl

m�

◆3

⌧
✓
MPl

m�

◆3
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1. Gravity stronger

<latexit sha1_base64="fivvJEqVi3UTQct6RXsTcIZB5e8="></latexit>

V (r) = �G4m2

r

1X

n=0

e�nr/R⇤ ⇠ �G4R⇤m2

r2
⇠ �G5m2

r2
<latexit sha1_base64="Homsnzfz9GSOPB65JluyoDpElvg=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVBKR6rHoxWMV+wFNCJvtpF26m4TdjVJif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmmrvL2zu7dvVw7aKskkhRZNeCK7IVHAWQwtzTSHbiqBiJBDJxxdT/3OA0jFkvhej1PwBRnELGKUaCMFdkVij4NSigl8F3hE6cCuOjVnBrxM3IJUUYFmYH95/YRmAmJNOVGq5zqp9nMiNaMcJmUvU5ASOiID6BkaEwHKz2enT/CJUfo4SqSpWOOZ+nsiJ0KpsQhNpyB6qBa9qfif18t0dOnnLE4zDTGdL4oyjnWCpzngPpNANR8bQqhk5lZMh0QSqk1aZROCu/jyMmmf1dx6rX57Xm1cFXGU0BE6RqfIRReogW5QE7UQRY/oGb2iN+vJerHerY9564pVzByiP7A+fwDb6pPD</latexit>

r . R⇤

gravity strong at a (much) lower scale than MPl

Antoniadis, Arkani-Hamed, 
Dimopoulos, Dvali (1998)

 Braneworld, dark dimensions (new twist), … 

<latexit sha1_base64="YM0CBxyzAA55Zu/W5ASlaUB5Iqc=">AAACAHicbVBNS8NAEJ34WetX1IMHL4tF8CAlEakei148VrEf0ISw2W7apbtJ2N0IJfTiX/HiQRGv/gxv/hu3bQ7a+mDg8d4MM/PClDOlHefbWlpeWV1bL22UN7e2d3btvf2WSjJJaJMkPJGdECvKWUybmmlOO6mkWISctsPhzcRvP1KpWBI/6FFKfYH7MYsYwdpIgX14H3hYaeRxqpRiAnlnnsiQCOyKU3WmQIvELUgFCjQC+8vrJSQTNNaEY6W6rpNqP8dSM8LpuOxliqaYDHGfdg2NsaDKz6cPjNGJUXooSqSpWKOp+nsix0KpkQhNp8B6oOa9ifif1810dOXnLE4zTWMyWxRlHOkETdJAPSYp0XxkCCaSmVsRGWCJiTaZlU0I7vzLi6R1XnVr1drdRaV+XcRRgiM4hlNw4RLqcAsNaAKBMTzDK7xZT9aL9W59zFqXrGLmAP7A+vwBvwCV4A==</latexit>

R⇤ . µm

~ ordinary matter confined to 3D

current constraints



2. Kepler orbits unstable

Inverse cube force law ~ d=1 extra-dimension 


<latexit sha1_base64="UrGluwAFGuQUl6FXsSxj85zUL84=">AAACGHicbVDLSgMxFM3Ud32NunRzsQiCWGeqVDeC6MaFCwVrhb7IZFIbmkyGJCOUoZ/hxl9x40IRt+78G9PpLLR6IHA45x5u7glizrTxvC+nMDU9Mzs3v1BcXFpeWXXX1m+1TBShNSK5VHcB1pSziNYMM5zexYpiEXBaD/rnI7/+QJVmMroxg5i2BL6PWJcRbKzUcfcFNMNQGlAAJ7AHKZCmtAFQ7YMh7EJ62a6MBZFJHbfklb0M8Jf4OSmhHFcd97MZSpIIGhnCsdYN34tNK8XKMMLpsNhMNI0x6eN72rA0woLqVpodNoRtq4TQlcq+yECm/kykWGg9EIGdFNj09KQ3Ev/zGonpHrdSFsWJoREZL+omHIyEUUsQMkWJ4QNLMFHM/hVIDytMjO2yaEvwJ0/+S24rZb9arl4flk7P8jrm0SbaQjvIR0foFF2gK1RDBD2iZ/SK3pwn58V5dz7GowUnz2ygX3A+vwEURZ1Z</latexit>

mr̈ = � c

r3
+

L2

mr3

cf Newton’s Principia

more generally, no stable Kepler orbits for d ≥ 2 extra dimensions



<latexit sha1_base64="2arL8RX+88QuIrn5idywAtcnOro="></latexit>

⇢ = g
X

k?

Z
d3k

(2⇡)3
E

e�(E�µ) + 1
,

<latexit sha1_base64="K8LkkurB31yT0Cf4noigQfHVads="></latexit>

P = g
X

k?

Z
d3k

(2⇡)3
p2

3E

1

e�(E�µ) + 1

<latexit sha1_base64="5D1TligkeSCVc9J1tPXVdWBxeo0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbtks1l2N0IJ/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvlJxp43lfTmltfWNzq7xd2dnd2z+oHh51dJopim2a8lT1QqKRM4FtwwzHnlRIkpBjN4xv5373EZVmqXgwU4lBQsaCRYwSY6VuPBxIVHJYrXl1bwH3L/ELUoMCrWH1czBKaZagMJQTrfu+J02QE2UY5TirDDKNktCYjLFvqSAJ6iBfnDtzz6wycqNU2RLGXag/J3KSaD1NQtuZEDPRq95c/M/rZya6DnImZGZQ0OWiKOOuSd357+6IKaSGTy0hVDF7q0snRBFqbEIVG4K/+vJf0rmo+4164/6y1rwp4ijDCZzCOfhwBU24gxa0gUIMT/ACr450np03533ZWnKKmWP4BefjG3D5j6g=</latexit>

k? compact Xdim

3D k-space

<latexit sha1_base64="RPmd+rYU3bQ9hW7kE+f5Aw0h27Y=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV2RaBnUwjKKeUB2WWYnN8mQ2Qczd4Ww5ANs/BUbC0Vs/QA7/8ZJsoVGDwwczjmXO/cEiRQabfvLKiwtr6yuFddLG5tb2zvl3b2WjlPFocljGatOwDRIEUETBUroJApYGEhoB6PLqd++B6VFHN3hOAEvZINI9AVnaCS/XHGvQCKjI99NQCXU1SKkmePGZoje+i7TODEpu2rPQP8SJycVkqPhlz/dXszTECLkkmnddewEvYwpFFzCpOSmGhLGR2wAXUMjFoL2stkxE3pklB7tx8q8COlM/TmRsVDrcRiYZMhwqBe9qfif102xf+5lIkpShIjPF/VTSTGm02ZoTyjgKMeGMK6E+SvlQ6YYR9NfyZTgLJ78l7ROqk6tWrs5rdQv8jqK5IAckmPikDNSJ9ekQZqEkwfyRF7Iq/VoPVtv1vs8WrDymX3yC9bHN/GQmvI=</latexit>

�k? ⇠ 1

R⇤

3. Softer equation of state 



 A DARK DIMENSIONS SCENARIO

• stronger gravity (lower effective Planck scale) 


• no Kepler stable orbits 


• softer equation of state 

Our claim: EoS  sufficient to make robust conclusions for d > 2

helps but 
complicated

Garani, Kouvaris, Vandecasteele, 
MHGT (2025)



<latexit sha1_base64="n7s1t5F5k8pZcHiYi0qJmhONGRw=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiJS3QhFNy4r2Ac0oUwm03boPMLMRCihazf+ihsXirj1C9z5N07aLLT1wMDhnHO5c0+UMKqN5307S8srq2vrpY3y5tb2zq67t9/SMlWYNLFkUnUipAmjgjQNNYx0EkUQjxhpR6Ob3G8/EKWpFPdmnJCQo4GgfYqRsVLPPQoGiHMEr2AWw4AJ2AikzcM454EayknPrXhVbwq4SPyCVECBRs/9CmKJU06EwQxp3fW9xIQZUoZiRiblINUkQXiEBqRrqUCc6DCbnjKBJ1aJYV8q+4SBU/X3RIa41mMe2SRHZqjnvVz8z+umpn8ZZlQkqSECzxb1UwaNhHkvMKaKYMPGliCsqP0rxEOkEDa2vbItwZ8/eZG0zqp+rVq7O6/Ur4s6SuAQHINT4IMLUAe3oAGaAINH8AxewZvz5Lw4787HLLrkFDMH4A+czx+Qo5mV</latexit>

� =
d lnP

d ln ⇢

Garani, Kouvaris, Vandecasteele, 
MHGT (2025)

<latexit sha1_base64="GszwhAN52C1xCXhvzDZxX7XdbsY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVROR6rIoiMsq9gFNCJPptB06k4SZG6GG4q+4caGIW//DnX/jtM1CWw8MHM45l3vnhIngGhzn21pYXFpeWS2sFdc3Nre27Z3dho5TRVmdxiJWrZBoJnjE6sBBsFaiGJGhYM1wcDX2mw9MaR5H9zBMmC9JL+JdTgkYKbD3B8E19npgEhK7J3eBRzQEdskpOxPgeeLmpIRy1AL7y+vENJUsAiqI1m3XScDPiAJOBRsVvVSzhNAB6bG2oRGRTPvZ5PoRPjJKB3djZV4EeKL+nsiI1HooQ5OUBPp61huL/3ntFLoXfsajJAUW0emibiowxHhcBe5wxSiIoSGEKm5uxbRPFKFgCiuaEtzZL8+TxmnZrZQrt2el6mVeRwEdoEN0jFx0jqroBtVQHVH0iJ7RK3qznqwX6936mEYXrHxmD/2B9fkDOuKUdQ==</latexit>

kF & 1/R⇤

<latexit sha1_base64="ATQ/CKKTtZL9vwkg6qi0nG5xgNI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhZBEErio7oRim5cVrAPaEKYTCbt0JkkzEyEErp046+4caGIWz/BnX/jpM1CWw8MHM65hzv3+AmjUlnWt1FaWFxaXimvVtbWNza3zO2dtoxTgUkLxywWXR9JwmhEWooqRrqJIIj7jHT84U3udx6IkDSO7tUoIS5H/YiGFCOlJc/cd/qIc+QF8Apm5/AYBtCJdQCe5nwMPbNq1awJ4DyxC1IFBZqe+eUEMU45iRRmSMqebSXKzZBQFDMyrjipJAnCQ9QnPU0jxIl0s8khY3iolQCGsdAvUnCi/k5kiEs54r6e5EgN5KyXi/95vVSFl25GoyRVJMLTRWHKoIph3goMqCBYsZEmCAuq/wrxAAmEle6uokuwZ0+eJ+2Tml2v1e/Oqo3roo4y2AMH4AjY4AI0wC1oghbA4BE8g1fwZjwZL8a78TEdLRlFZhf8gfH5A1pRlwE=</latexit>

�d =
5 + d

3 + d

Polytropic index :  
<latexit sha1_base64="91ouq2qDzgvvpYjwi6ZDsAV9xAA=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUSkuhGKbgQ3FewDmlgm00k7dB5hZqKU2E9x40IRt36JO//GaZuFth64cDjnXu69J0oY1cbzvp2l5ZXVtfXCRnFza3tn1y3tNbVMFSYNLJlU7QhpwqggDUMNI+1EEcQjRlrR8Gritx6I0lSKOzNKSMhRX9CYYmSs1HVLdXgBb2CgBvI+6CPOUdctexVvCrhI/JyUQY561/0KehKnnAiDGdK643uJCTOkDMWMjItBqkmC8BD1ScdSgTjRYTY9fQyPrNKDsVS2hIFT9fdEhrjWIx7ZTo7MQM97E/E/r5Oa+DzMqEhSQwSeLYpTBo2EkxxgjyqCDRtZgrCi9laIB0ghbGxaRRuCP//yImmeVPxqpXp7Wq5d5nEUwAE4BMfAB2egBq5BHTQABo/gGbyCN+fJeXHenY9Z65KTz+yDP3A+fwCfvpL6</latexit>

P = K⇢� Standard lore : no stable star-like 
configuration for  

<latexit sha1_base64="/oCk1jqk9EIeDncTSXZ+xBIMQAM=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzKjpbosunFZwT6gM5RMmmlD8xiTjFDGLvwVNy4UcetvuPNvTNtZaOuBwOGcc7k3J0oY1cbzvp2l5ZXVtfXCRnFza3tn193bb2qZKkwaWDKp2hHShFFBGoYaRtqJIohHjLSi4fXEbz0QpakUd2aUkJCjvqAxxchYqeseBn3EOYIBI/cwqwTShuH5uOuWvLI3BVwkfk5KIEe9634FPYlTToTBDGnd8b3EhBlShmJGxsUg1SRBeIj6pGOpQJzoMJveP4YnVunBWCr7hIFT9fdEhrjWIx7ZJEdmoOe9ifif10lNfBlmVCSpIQLPFsUpg0bCSRmwRxXBho0sQVhReyvEA6QQNrayoi3Bn//yImmelf1quXpbKdWu8joK4Agcg1PggwtQAzegDhoAg0fwDF7Bm/PkvDjvzscsuuTkMwfgD5zPH+a7lWY=</latexit>

�  4

3

<latexit sha1_base64="VbzEK4sp0Mssqam6YceX7ww/sTs=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJXoMevEYwTwwWcLsbCcZMju7zswKIeQvvHhQxKt/482/cfI4aGJBQ1HVTXdXkAiujet+O5mV1bX1jexmbmt7Z3cvv39Q13GqGNZYLGLVDKhGwSXWDDcCm4lCGgUCG8HgZuI3nlBpHst7M0zQj2hP8i5n1FjpoRiSdg8fyflpJ19wS+4UZJl4c1KAOaqd/Fc7jFkaoTRMUK1bnpsYf0SV4UzgONdONSaUDWgPW5ZKGqH2R9OLx+TEKiHpxsqWNGSq/p4Y0UjrYRTYzoiavl70JuJ/Xis13St/xGWSGpRstqibCmJiMnmfhFwhM2JoCWWK21sJ61NFmbEh5WwI3uLLy6R+VvLKpfLdRaFyPY8jC0dwDEXw4BIqcAtVqAEDCc/wCm+Odl6cd+dj1ppx5jOH8AfO5w+584+q</latexit>

(d � 3)

cf Shapiro & Teukolsky
<latexit sha1_base64="GG7zdkg3G9h64DKzCWIMAnerwcM=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwISFNa1p3xbpwJRWsLTQhTKaTdujkwcykUEL/xI0LRdz6J+78GydtBRU9cOFwzr3ce4+fMCqkaX5ohZXVtfWN4mZpa3tnd0/fP7gXccox6eCYxbznI0EYjUhHUslIL+EEhT4jXX/cyv3uhHBB4+hOThPihmgY0YBiJJXk6Xr1Cjpn8MbLHB7C1mjm6WXTuGjY1rkFTcM061bVzolVr1lVWFFKjjJYou3p784gxmlIIokZEqJfMRPpZohLihmZlZxUkAThMRqSvqIRColws/nlM3iilAEMYq4qknCufp/IUCjENPRVZ4jkSPz2cvEvr5/KoOFmNEpSSSK8WBSkDMoY5jHAAeUESzZVBGFO1a0QjxBHWKqwSiqEr0/h/+TeMiq2Yd/Wys3LZRxFcASOwSmogDpogmvQBh2AwQQ8gCfwrGXao/aivS5aC9py5hD8gPb2CcxUkoQ=</latexit>

3DNCh

degenerate fermion gas



Garani, Kouvaris, Vandecasteele, MHGT (2025)

toward 
<latexit sha1_base64="633bdhgvTiGv3YV5NtTTdwYm9bI=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1U2ZUqsuiGzdKBfuATh0yaaYNTWaG5I5Qhn6HG3/FjQtF3Ikb/8b0sdDWA4HDOfdwc0+QCK7Bcb6thcWl5ZXV3Fp+fWNza9ve2a3rOFWU1WgsYtUMiGaCR6wGHARrJooRGQjWCPqXI7/xwJTmcXQHg4S1JelGPOSUgJF8273BXheML7EnWAjF7NrPPCVxVQy92CSx9D3a40NP8W4Pju5PfLvglJwx8Dxxp6SApqj69qfXiWkqWQRUEK1brpNAOyMKOBVsmPdSzRJC+6TLWoZGRDLdzsanDfGhUTo4jJV5EeCx+juREan1QAZmUhLo6VlvJP7ntVIIz9sZj5IUWEQni8JUYIjxqCfc4YpREANDCFXc/BXTHlGEgmkzb0pwZ0+eJ/XjklsulW9PC5WLaR05tI8OUBG56AxV0BWqohqi6BE9o1f0Zj1ZL9a79TEZXbCmmT30B9bXD95/oMo=</latexit>

N &
✓
MPl

m�

◆3

self-
gravitating 

cloud

STANDARD SCENARIO (d=0)

Lane-Emden equation,  spherical D=3 DM cloud, D=3+d EoS 



Garani, Kouvaris, Vandecasteele, MHGT (2025)

self-
gravitating 

cloud

no stable solution for d ≥ 3 (inconclusive for d=1,2) 

<latexit sha1_base64="psvdv/H/Z5pnRQmlQVC0O2JvkCU=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKgFUGCtYGAuiD6kpkeO6rVU7juwbpCrqH7DwKywMIMTKysbf4D4GaDmSpaNz7tH1PVEiuAHP+3YWFpeWV1Zza/n1jc2tbXdnt2ZUqimrUiWUbkTEMMFjVgUOgjUSzYiMBKtH/auRX39g2nAV38EgYS1JujHvcErASqF7FOieCgMDROPAcIkzGQa0xwNlU/g2DIiB+9Nh6Ba8ojcGnif+lBTQFJXQ/QraiqaSxUAFMabpewm0MqKBU8GG+SA1LCG0T7qsaWlMJDOtbHzPEB9apY07StsXAx6rvxMZkcYMZGQnJYGemfVG4n9eM4XORSvjcZICi+lkUScVGBQelYPbXDMKYmAJoZrbv2LaI5pQsBXmbQn+7MnzpHZS9EvF0s1ZoXw5rSOH9tEBOkY+OkdldI0qqIooekTP6BW9OU/Oi/PufExGF5xpZg/9gfP5A/uXnKM=</latexit>

⇢? ⇠ m�

R3
⇤

DARK DIMENSIONS
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Garani, Kouvaris, Vandecasteele, MHGT (2025)





Prospects ? 
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All this is based on using the D=3+d EoS 

Enough to claim instability for d > 2

Next step would be take into account (somehow) the fact that the core 
feels D=3+d gravity

This should further destabilise the DM cloud, and so the NS star



Thank you ! 



Supplementary material 



Figure from Lopez Honorez, Cosme and M.T. (2005)



10°3 100 103 106 109

m (GeV)

10°12

10°9

10°6

10°3

100

103

106

109

R
?

( f
m

)

No collapse

Destruction

Evaporation

Unstable

µm

nm

pm

fm

am

zm

ym

rm

?

<latexit sha1_base64="L9bWrv7qSHoXKNmHUM0tPJJILCw=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ac0oWy2m3bpbhJ2J0Ip/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCanhUsS8iQIl76SaUxVK3g5HtzO//cS1EUn8iOOUB4oOYhEJRtFKvm+EIg893yDVvXLFrbpzkFXi5aQCORq98pffT1imeIxMUmO6nptiMKEaBZN8WvIzw1PKRnTAu5bGVHETTOY3T8mZVfokSrStGMlc/T0xocqYsQptp6I4NMveTPzP62YYXQcTEacZ8pgtFkWZJJiQWQCkLzRnKMeWUKaFvZWwIdWUoY2pZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAExik8Ayv8OZkzovz7nwsWgtOPnMMf+B8/gDHEZGJ</latexit>⇠ R?

D=3

periodicD=3+d

~ Gregory-Laflamme instability for black strings 

Prospects ? 



V. Bondi accretion vs Hawking radiation
growth or evaporation? 

Bondi radius
<latexit sha1_base64="gK3Y8Ox80PUgDe6x3rGB0n1he8w=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkpUl2WutCNUME+oDMOmTRtQ5PJkGQKZSi48VfcuFDErT/hzr8xbWehrQcCh3PO5eaeMGZUacf5tnIrq2vrG/nNwtb2zu6evX/QVCKRmDSwYEK2Q6QIoxFpaKoZaceSIB4y0gqHV1O/NSJSURHd63FMfI76Ee1RjLSRAvtIBjXoKcpheg1voSdMGI4eyoGaBHbRKTkzwGXiZqQIMtQD+8vrCpxwEmnMkFId14m1nyKpKWZkUvASRWKEh6hPOoZGiBPlp7MbJvDUKF3YE9K8SMOZ+nsiRVypMQ9NkiM9UIveVPzP6yS6d+mnNIoTTSI8X9RLGNQCTguBXSoJ1mxsCMKSmr9CPEASYW1qK5gS3MWTl0mzXHIrpcrdebFay+rIg2NwAs6ACy5AFdyAOmgADB7BM3gFb9aT9WK9Wx/zaM7KZg7BH1ifPxbJlo4=</latexit>

rB ⇠ GM

v2s

<latexit sha1_base64="wXtQc6pvQW1spLMsQHgiLMISLT0=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2WmSHVZ6kI3QgX7gM44ZNK0DU0mQ5IplKG48VfcuFDErV/hzr8xbWehrQcCh3PO5eaeMGZUacf5tnIrq2vrG/nNwtb2zu6evX/QVCKRmDSwYEK2Q6QIoxFpaKoZaceSIB4y0gqHV1O/NSJSURHd63FMfI76Ee1RjLSRAvsovYa3njARKIPaBHqKcjgK1EM5sItOyZkBLhM3I0WQoR7YX15X4ISTSGOGlOq4Tqz9FElNMSOTgpcoEiM8RH3SMTRCnCg/nZ0wgadG6cKekOZFGs7U3xMp4kqNeWiSHOmBWvSm4n9eJ9G9Sz+lUZxoEuH5ol7CoBZw2gfsUkmwZmNDEJbU/BXiAZIIa9NawZTgLp68TJrlklspVe7Oi9VaVkceHIMTcAZccAGq4AbUQQNg8AiewSt4s56sF+vd+phHc1Y2cwj+wPr8Ab51lmQ=</latexit>

GM

rB
⇠ v2s

gravity vs pressure

<latexit sha1_base64="/Pnx5Ixe1Rg3tu9ErHdoqm0KCHQ=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY8ELx4xkUcCK5kdemHCzO5mZlZDCP/hxYPGePVfvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLRzcxvPaLSPI7uzThBX9JBxEPOqLHSgyJdgVprLonq1XrFklt25yCrxMtICTLUe8Wvbj9mqcTIMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYGlGJ2p/Mr56SM6v0SRgrW5Ehc/X3xIRKrccysJ2SmqFe9mbif14nNeG1P+FRkhqM2GJRmApiYjKLgPS5QmbE2BLKFLe3EjakijJjgyrYELzll1dJ86LsVcqVu8tStZbFkYcTOIVz8OAKqnALdWgAAwXP8ApvzpPz4rw7H4vWnJPNHMMfOJ8//HySMg==</latexit>

r . rB

accretion if

neutrons 
accretion 

rate

<latexit sha1_base64="WB9R8rSQU9FToBhxtyjT/N62vwE="></latexit>

ṀB ⇠ 4⇡
GM2⇢far

v3s

Hawking 
radiation

<latexit sha1_base64="2DprXbqFAICTTkAMdNQJDmKrhWc=">AAACFXicbVDLSgMxFM3UV62vUZdugkVwIWWmlOqy1I0boYJ9QKcOmTTThiaZIckUytCfcOOvuHGhiFvBnX9j2s5CWw9cOJxzb3LvCWJGlXacbyu3tr6xuZXfLuzs7u0f2IdHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0fXMb4+JVDQS93oSkx5HA0FDipE2km9feP1Iw1u/Dj1FOaxAL6ZQ+vWHMvTkMPJTT3IYIjmFY1/5dtEpOXPAVeJmpAgyNHz7yzyPE06Exgwp1XWdWPdSJDXFjEwLXqJIjPAIDUjXUIE4Ub10ftUUnhmlD8NImhIaztXfEyniSk14YDo50kO17M3E/7xuosOrXkpFnGgi8OKjMGFQR3AWEexTSbBmE0MQltTsCvEQSYS1CbJgQnCXT14lrXLJrZaqd5VirZ7FkQcn4BScAxdcghq4AQ3QBBg8gmfwCt6sJ+vFerc+Fq05K5s5Bn9gff4A0rWdaA==</latexit>

ṀB ⇠ 4⇡r2B⇢farvs

<latexit sha1_base64="z9fMDaRis2NlQTSvtPsvPDkhG00="></latexit>

ṀH ⇠ � g⇤M4
Pl

5 · 104 M2

<latexit sha1_base64="VHDaVudVJOo8g8SKFZpFcZjSPNE=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmKkGoMFZl6YJUJPqQmihyXKe16jiRfYNUVf0DFn6FhQGEWFnZ+BvcNgO0HMnS8bnnXvueMBVcg+N8Wyura+sbm4Wt4vbO7t6+fXDY0kmmKGvSRCSqExLNBJesCRwE66SKkTgUrB0Ob6b19gNTmifyHkYp82PSlzzilICRAvvM6yWAb4Ma9vpgbDH2jB1wLtfza2CXnLIzA14mbk5KKEcjsL/MBJrFTAIVROuu66Tgj4kCTgWbFL1Ms5TQIemzrqGSxEz749k+E3xqlB6OEmWOBDxTf3eMSaz1KA6NMyYw0Iu1qfhfrZtBdO2PuUwzYJLOH4oygSHB03BwjytGQYwMIVRx81dMB0QRCibCognBXVx5mbQuym6lXLm7LFVreRwFdIxO0Dly0RWqojpqoCai6BE9o1f0Zj1ZL9a79TG3rlh5zxH6A+vzBwNqm2Y=</latexit>

ṀB & |ṀH |
<latexit sha1_base64="wBilVAzJtzBm5FEhlEZrejt37e8=">AAACFHicbVDLSsNAFJ34rPVVdelmsAiCUhKV1mXRhW6ECvYBTQyT6aQdOpOEmYlYQj/Cjb/ixoUibl2482+cpFlo64EL555zL5d7vIhRqUzz25ibX1hcWi6sFFfX1jc2S1vbLRnGApMmDlkoOh6ShNGANBVVjHQiQRD3GGl7w4vUb98TIWkY3KpRRByO+gH1KUZKS27p8NpNbMEhFlSNoS0ph5Z5l5zUdHMEbe6FD5l/SVpjt1Q2K2YGOEusnJRBjoZb+rJ7IY45CRRmSMquZUbKSZBQFDMyLtqxJBHCQ9QnXU0DxIl0kuypMdzXSg/6odAVKJipvzcSxKUccU9PcqQGctpLxf+8bqz8MyehQRQrEuDJIT9mUIUwTQj2qCBYsZEmKI2FYogHSCCsdI5FHYI1/fIsaR1XrGqlenNarp/ncRTALtgDB8ACNVAHV6ABmgCDR/AMXsGb8WS8GO/Gx2R0zsh3dsAfGJ8/k+ydSg==</latexit>

Mcrit ⇠ 1037 GeV

NS becomes BH if 
<latexit sha1_base64="vi8egg3D9GHSe3eBIYS20nqfuA4=">AAACBHicbVBLS8NAGNzUV62vqsdeFovgqSQi1WPRi5dCBfuAJoTNdtMu3U3C7hehhB68+Fe8eFDEqz/Cm//GTduDtg4sDDPzscwEieAabPvbKqytb2xuFbdLO7t7+wflw6OOjlNFWZvGIla9gGgmeMTawEGwXqIYkYFg3WB8k/vdB6Y0j6N7mCTMk2QY8ZBTAkbyy5Wm79IRx+4QTEjipp+5SmKqOEz9ctWu2TPgVeIsSBUt0PLLX+4gpqlkEVBBtO47dgJeRhRwKti05KaaJYSOyZD1DY2IZNrLZiWm+NQoAxzGyrwI8Ez9fZERqfVEBiYpCYz0speL/3n9FMIrL+NRkgKL6PyjMBUYYpwvggdcMQpiYgjJe3OK6YgoQsHsVjIjOMuVV0nnvObUa/W7i2rjejFHEVXQCTpDDrpEDXSLWqiNKHpEz+gVvVlP1ov1bn3MowVrcXOM/sD6/AFGr5fj</latexit>

M� & Mcrit



Bosonic DM a priori better

<latexit sha1_base64="q+YvRyR2KI1KWZ64mEWTQOERIDw=">AAACHnicbVDLSsNAFJ3UV62vqks3g0VwY0mKVpdFEd0ItdgHNDFMppN26EwSZiZCCf0SN/6KGxeKCK70b5w2WWjrgYHDOedy5x4vYlQq0/w2cguLS8sr+dXC2vrG5lZxe6clw1hg0sQhC0XHQ5IwGpCmooqRTiQI4h4jbW94MfHbD0RIGgZ3ahQRh6N+QH2KkdKSWzy5dO1oQKEtKYeJZYc6DHmqNe4rY3gEr2Byk0mp3Ri7xZJZNqeA88TKSAlkqLvFT7sX4piTQGGGpOxaZqScBAlFMSPjgh1LEiE8RH3S1TRAnEgnmZ43hgda6UE/FPoFCk7V3xMJ4lKOuKeTHKmBnPUm4n9eN1b+mZPQIIoVCXC6yI8ZVCGcdAV7VBCs2EgThAXVf4V4gATCSjda0CVYsyfPk1albFXL1dvjUu08qyMP9sA+OAQWOAU1cA3qoAkweATP4BW8GU/Gi/FufKTRnJHN7II/ML5+AIgjoOY=</latexit>

E� ⇠ 1

m�R2
�G

Mm�

R
degenerate bosonic 

cloud

<latexit sha1_base64="khzajPi0FxUt0PIFZ1DoFEPVjt0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU90VqR6LXjxWsR/YLiWbZtvQJLskWaEs/RdePCji1X/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXywUxi6gs8lCxkBBsrPcaop5lA3tl9v1xxq+4MaJl4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp7OLp+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UUvE//zuokJr/yUyTgxVJL5ojDhyEQoex8NmKLE8IklmChmb0VkhBUmxoZUsiF4iy8vk9Z51atVa3cXlfp1HkcRjuAYTsGDS6jDLTSgCQQkPMMrvDnaeXHenY95a8HJZw7hD5zPHyYFj/A=</latexit>

p ⇠ 1/R
<latexit sha1_base64="HBmpAYJ0/VQB2lypjXQZcRDRPRM=">AAACF3icbVC7TsMwFHXKq5RXgJHFokJiipKCCmMFCwuoIPqQmjRyXLe1aieR7SBVUf6ChV9hYQAhVtj4G9w2A7QcydLROefq+p4gZlQq2/42CkvLK6trxfXSxubW9o65u9eUUSIwaeCIRaIdIEkYDUlDUcVIOxYE8YCRVjC6nPitByIkjcJ7NY6Jx9EgpH2KkdKSb1qp40Y6AO8y6ErK4Q1Mue/GQ9o9mRnXfuoKDuss61Yy3yzblj0FXCROTsogR903v9xehBNOQoUZkrLj2LHyUiQUxYxkJTeRJEZ4hAako2mIOJFeOr0rg0da6cF+JPQLFZyqvydSxKUc80AnOVJDOe9NxP+8TqL6515KwzhRJMSzRf2EQRXBSUmwRwXBio01QVhQ/VeIh0ggrHSVJV2CM3/yImlWLKdqVW9Py7WLvI4iOACH4Bg44AzUwBWogwbA4BE8g1fwZjwZL8a78TGLFox8Zh/8gfH5A5+onv0=</latexit>

1

R
⇠ N

m3
�

M2
Pl

Non Rel. pressure

gravitational collapse if 

Rel. pressure

<latexit sha1_base64="161BkNtijbGGiRhviPI+KjZsjX0="></latexit>

N & NCh ⇠
✓
MPl

m�

◆2

instead of 
<latexit sha1_base64="633bdhgvTiGv3YV5NtTTdwYm9bI=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1U2ZUqsuiGzdKBfuATh0yaaYNTWaG5I5Qhn6HG3/FjQtF3Ikb/8b0sdDWA4HDOfdwc0+QCK7Bcb6thcWl5ZXV3Fp+fWNza9ve2a3rOFWU1WgsYtUMiGaCR6wGHARrJooRGQjWCPqXI7/xwJTmcXQHg4S1JelGPOSUgJF8273BXheML7EnWAjF7NrPPCVxVQy92CSx9D3a40NP8W4Pju5PfLvglJwx8Dxxp6SApqj69qfXiWkqWQRUEK1brpNAOyMKOBVsmPdSzRJC+6TLWoZGRDLdzsanDfGhUTo4jJV5EeCx+juREan1QAZmUhLo6VlvJP7ntVIIz9sZj5IUWEQni8JUYIjxqCfc4YpREANDCFXc/BXTHlGEgmkzb0pwZ0+eJ/XjklsulW9PC5WLaR05tI8OUBG56AxV0BWqohqi6BE9o1f0Zj1ZL9a79TEZXbCmmT30B9bXD95/oMo=</latexit>

N &
✓
MPl

m�

◆3

<latexit sha1_base64="HLyoKwcXHz7pW47/Y7TkwYR2Ddo=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjUl0W3bisYh/QGYZMmmlD8xiSjFDGLvwVNy4UcetvuPNvTNtZaOuBwOGcc7k3J04Z1cbzvp2l5ZXVtfXSRnlza3tn193bb2mZKUyaWDKpOjHShFFBmoYaRjqpIojHjLTj4fXEbz8QpakU92aUkpCjvqAJxchYKXIPcz+QNgDvxjDQlEMeBemARm7Fq3pTwEXiF6QCCjQi9yvoSZxxIgxmSOuu76UmzJEyFDMyLgeZJinCQ9QnXUsF4kSH+fT+MTyxSg8mUtknDJyqvydyxLUe8dgmOTIDPe9NxP+8bmaSyzCnIs0MEXi2KMkYNBJOyoA9qgg2bGQJworaWyEeIIWwsZWVbQn+/JcXSeus6teqtdvzSv2qqKMEjsAxOAU+uAB1cAMaoAkweATP4BW8OU/Oi/PufMyiS04xcwD+wPn8ASprlZM=</latexit>

1

R
⇠ m�

<latexit sha1_base64="qBHY5TXfL0/fr6a2kMbBPSWUyoQ=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL54kgnlgsoTZSScZMju7zMwqYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8xGV5pG8N+MY/ZAOJO9zRo2VHm5JRyJVKnrqFktu2Z2BLBMvIyXIUOsWvzq9iCUhSsME1brtubHxU6oMZwInhU6iMaZsRAfYtlTSELWfzi6ekBOr9Eg/UrakITP190RKQ63HYWA7Q2qGetGbiv957cT0L/2UyzgxKNl8UT8RxERk+j7pcYXMiLEllClubyVsSBVlxoZUsCF4iy8vk8ZZ2auUK3fnpepVFkcejuAYTsGDC6jCDdSgDgwkPMMrvDnaeXHenY95a87JZg7hD5zPH0q8kLE=</latexit>

N %

for fermions



Homogeneous DM sphere, N particles, Yukawa potential
<latexit sha1_base64="5vDrg4fVYEOr32x17CJsvV+nBXY="></latexit>

E = �1

2
↵N2

Z
d3r1

Z
d3r2

e�µr

r
(cloud self-energy)

<latexit sha1_base64="aIfeovkfpf3SpQ6K+X2DTLAxFqk="></latexit>

= �4⇡2↵N2

3µ5

�
2µ3R3 � 3µ2R2 + 3� 3e�2µR(1 + µR)2

�

<latexit sha1_base64="8sLxUJ7uUUJ7gVjmQkQY3Kams3s=">AAACDnicbVC7SgNBFJ31GeMramlzMQRsDLs+oo0QFMFKopgYyMZwdzJJhsw+mJkVwpIvsPFXbCwUsbW282+cPApNPDBwOOce7tzjRYIrbdvf1szs3PzCYmopvbyyurae2disqDCWlJVpKEJZ9VAxwQNW1lwLVo0kQ98T7M7rng/8uwcmFQ+DW92LWN3HdsBbnKI2UiOTS1yKAi76cAp7kByAiyLqIFzd77uhCcIR3PShkcnaeXsImCbOmGTJGKVG5stthjT2WaCpQKVqjh3peoJScypYP+3GikVIu9hmNUMD9JmqJ8Nz+pAzShNaoTQv0DBUfycS9JXq+Z6Z9FF31KQ3EP/zarFundQTHkSxZgEdLWrFAnQIg26gySWjWvQMQSq5+SvQDkqk2jSYNiU4kydPk8p+3inkC9eH2eLZuI4U2SY7ZJc45JgUySUpkTKh5JE8k1fyZj1ZL9a79TEanbHGmS3yB9bnD+zNmYU=</latexit>

E = �3↵N2

5R

<latexit sha1_base64="NxqmTXRx/mV3cx4zG8DV7SVEZ6g=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF49V7AckoWy2m3bpbjbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMSrTlLWpEkr3ImKY4AlrAwfBeqlmREaCdaPx7czvPjFtuEoeYZKyUJJhwmNOCVjJD2SGH3AgBPb61Zpbd+fAq8QrSA0VaPWrX8FA0UyyBKggxviem0KYEw2cCjatBJlhKaFjMmS+pQmRzIT5/OQpPrPKAMdK20oAz9XfEzmRxkxkZDslgZFZ9mbif56fQXwd5jxJM2AJXSyKM4FB4dn/eMA1oyAmlhCqub0V0xHRhIJNqWJD8JZfXiWdi7rXqDfuL2vNmyKOMjpBp+gceegKNdEdaqE2okihZ/SK3hxwXpx352PRWnKKmWP0B87nD8SIkEg=</latexit>

µR ⌧ 1
<latexit sha1_base64="O7hPvgtg38DjnKO7p5K7ZjRxrNg=">AAAB9XicbVBNSwMxEM36WetX1aOXYBE8ld0i1YtQ9KDHCvYD2m2ZTbNtaJJdkqxSlv4PLx4U8ep/8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NBRogitk4hHqhWAppxJWjfMcNqKFQURcNoMRjdTv/lIlWaRfDDjmPoCBpKFjICxUrcDPB4CvsK3WHTLvULRLbkz4GXiZaSIMtR6ha9OPyKJoNIQDlq3PTc2fgrKMMLpJN9JNI2BjGBA25ZKEFT76ezqCT61Sh+HkbIlDZ6pvydSEFqPRWA7BZihXvSm4n9eOzHhpZ8yGSeGSjJfFCYcmwhPI8B9pigxfGwJEMXsrZgMQQExNqi8DcFbfHmZNMolr1Kq3J8Xq9dZHDl0jE7QGfLQBaqiO1RDdUSQQs/oFb05T86L8+58zFtXnGzmCP2B8/kDqK2RVA==</latexit>

↵ = Gm2(long range, eg                    )

<latexit sha1_base64="wHkjEzb58LwbdMqd1eLIFUfnRns=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF49V7AckoWy2m3Tp7ibsToRS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBPcgOt+O6W19Y3NrfJ2ZWd3b/+genjUMWmuKWvTVKS6FxHDBFesDRwE62WaERkJ1o1GtzO/+8S04al6hHHGQkkSxWNOCVjJD2SOH3CQJNjrV2tu3Z0DrxKvIDVUoNWvfgWDlOaSKaCCGON7bgbhhGjgVLBpJcgNywgdkYT5lioimQkn85On+MwqAxyn2pYCPFd/T0yINGYsI9spCQzNsjcT//P8HOLrcMJVlgNTdLEozgWGFM/+xwOuGQUxtoRQze2tmA6JJhRsShUbgrf88irpXNS9Rr1xf1lr3hRxlNEJOkXnyENXqInuUAu1EUUpekav6M0B58V5dz4WrSWnmDlGf+B8/gC1R5A+</latexit>

µR � 1 (short range)
C. Kouvaris, P. Tinyakov, 
MHG, PRL 121 (2018) 22, 
221102

<latexit sha1_base64="/ABdTFF5x8oJIh1JghkErSc0Bqw="></latexit>

E ⇡ �3

2

↵N2

µ2R3

<latexit sha1_base64="zbfE8891NWCNaJoMSmMHRs+fbvg="></latexit>

NCh ⇠
✓

µp
↵m�

◆3 ✓
MPl

m�

◆3

NR Fermi pressure
<latexit sha1_base64="RChi1yCBK6Pz92tP4M4i+BZDRCs="></latexit>

Etot/N ⇠ N2/3

m�R2
� GNm2

R
� ↵N

µ2R3



<latexit sha1_base64="WzTkbP1KSy1+lyqhd0XwD3Kz1Js=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQi1WXRjcsK9gFNKJPpTTt0MgkzE6GE/oEbf8WNC0XcunXn3zhNs9DWA/dyOOdeZu4JEs6Udpxva2l5ZXVtvbRR3tza3tm19/ZbKk4lhSaNeSw7AVHAmYCmZppDJ5FAooBDOxjdTP32A0jFYnGvxwn4ERkIFjJKtJF69onHiRhwwF5AJPYSxfLmyUI9w55iEe7ZFafq5MCLxC1IBRVo9Owvrx/TNAKhKSdKdV0n0X5GpGaUw6TspQoSQkdkAF1DBYlA+Vl+zwQfG6WPw1iaEhrn6u+NjERKjaPATEZED9W8NxX/87qpDq/8jIkk1SDo7KEw5VjHeBoO7jMJVPOxIYRKZv6K6ZBIQrWJsGxCcOdPXiSt86pbq9buLir16yKOEjpER+gUuegS1dEtaqAmougRPaNX9GY9WS/Wu/UxG12yip0D9AfW5w9rz5uk</latexit>

h ̄ i ⇠
<latexit sha1_base64="tdPxambKS5LR8qjZUkVhHj5cwj0=">AAACEHicbZDLSsNAFIYnXmu9RV26GSyiCymJSHVZdOOygr1AE8LJdNoOnUzCzEQooY/gxldx40IRty7d+TZO2iy09YeBj/+cw5nzhwlnSjvOt7W0vLK6tl7aKG9ube/s2nv7LRWnktAmiXksOyEoypmgTc00p51EUohCTtvh6Cavtx+oVCwW93qcUD+CgWB9RkAbK7BPPA5iwCn2EsUCgr0QZI6eLOwz7CkW4cCuOFVnKrwIbgEVVKgR2F9eLyZpRIUmHJTquk6i/QykZoTTSdlLFU2AjGBAuwYFRFT52fSgCT42Tg/3Y2me0Hjq/p7IIFJqHIWmMwI9VPO13Pyv1k11/8rPmEhSTQWZLeqnHOsY5+ngHpOUaD42AEQy81dMhiCBaJNh2YTgzp+8CK3zqlur1u4uKvXrIo4SOkRH6BS56BLV0S1qoCYi6BE9o1f0Zj1ZL9a79TFrXbKKmQP0R9bnD5rdnFA=</latexit>

h c ̄i ⇠

<latexit sha1_base64="f92NJqJXUQXSp+HhVuJL8S8urFo=">AAACCnicbVBNS8NAEN34WetX1KOX1SJ4KolI9SIUvXisYD+gDWGz3bRLd5OwO1FK6NmLf8WLB0W8+gu8+W/ctkG09cHA470ZZuYFieAaHOfLWlhcWl5ZLawV1zc2t7btnd2GjlNFWZ3GIlatgGgmeMTqwEGwVqIYkYFgzWBwNfabd0xpHke3MEyYJ0kv4iGnBIzk2wfS7xAN+AJL3FG81weiVHyPf2THt0tO2ZkAzxM3JyWUo+bbn51uTFPJIqCCaN12nQS8jCjgVLBRsZNqlhA6ID3WNjQikmkvm7wywkdG6eIwVqYiwBP190RGpNZDGZhOSaCvZ72x+J/XTiE89zIeJSmwiE4XhanAEONxLrjLFaMghoYQqri5FdM+UYSCSa9oQnBnX54njZOyWylXbk5L1cs8jgLaR4foGLnoDFXRNaqhOqLoAT2hF/RqPVrP1pv1Pm1dsPKZPfQH1sc3QviZXA==</latexit>

m⇤ = m ! m⇤ = 0
     Rischke & Pisarski (1999)

Garani, 
Vandecasteele, 
MHGT (2022)

A digression - superfluid DM

cf Massimo Mannarelli’s lectures



<latexit sha1_base64="Rc3bUZmuOD/CuiB2nxogG96D2Ek="></latexit>

E� ⇠ N2/3
�

m�R2
�

GN�m2
�

R

Fermions Cloud Bosons Cloud

<latexit sha1_base64="uiBHC+bluNSS9er8yV+l2tA3Lls=">AAACJXicbZDNSgMxFIUz9a/Wv1GXboJFcGOZKVJduCiK6EpqsbXQaUsmzbShSWZIMkIZ+jJufBU3LiwiuPJVTDtdaOuFwOG753Jzjx8xqrTjfFmZpeWV1bXsem5jc2t7x97dq6swlpjUcMhC2fCRIowKUtNUM9KIJEHcZ+TRH1xN+o9PRCoaigc9jEiLo56gAcVIG9SxL647XtSn0FOUw8T1QmOGPGXVdnEET+ANTO5SkPJ2MXVVRx077xScacFF4c5EHsyq0rHHXjfEMSdCY4aUarpOpFsJkppiRkY5L1YkQniAeqRppECcqFYyvXIEjwzpwiCU5gkNp/T3RIK4UkPuGydHuq/mexP4X68Z6+C8lVARxZoInC4KYgZ1CCeRwS6VBGs2NAJhSc1fIe4jibA2weZMCO78yYuiXiy4pULp/jRfvpzFkQUH4BAcAxecgTK4BRVQAxg8g1fwDsbWi/VmfVifqTVjzWb2wZ+yvn8A87WjuQ==</latexit>

E� ⇠ 1

m�R2
�G

N�m2
�

R

<latexit sha1_base64="6Xkm8rSjWe9OyBF4soGBG7ws5T0="></latexit>

N� &
✓
MPl

m�

◆3
<latexit sha1_base64="IBswH/u9Shib3YzEF8rZ66jKEa8="></latexit>

N� &
✓
MPl

m�

◆2

<latexit sha1_base64="khzajPi0FxUt0PIFZ1DoFEPVjt0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU90VqR6LXjxWsR/YLiWbZtvQJLskWaEs/RdePCji1X/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvsn89hNVmkXywUxi6gs8lCxkBBsrPcaop5lA3tl9v1xxq+4MaJl4OalAjka//NUbRCQRVBrCsdZdz42Nn2JlGOF0WuolmsaYjPGQdi2VWFDtp7OLp+jEKgMURsqWNGim/p5IsdB6IgLbKbAZ6UUvE//zuokJr/yUyTgxVJL5ojDhyEQoex8NmKLE8IklmChmb0VkhBUmxoZUsiF4iy8vk9Z51atVa3cXlfp1HkcRjuAYTsGDS6jDLTSgCQQkPMMrvDnaeXHenY95a8HJZw7hD5zPHyYFj/A=</latexit>

p ⇠ 1/R

Bosonic DM a priori better

<latexit sha1_base64="Olm3Co/A4bNffbLvvPCUDGyWiLQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KpNVKrLoiCupIp9QBPDZDpph04mYWYilJCNv+LGhSJu/Qx3/o3TNgttPXDhcM693HuPHzMqlWV9G4WFxaXlleJqaW19Y3PL3N5pySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXo799iMRkkb8Xo1i4oaoz2lAMVJa8sy92LuCjqQhvPEcPKAPqV09yap3nlm2KtYEcJ7YOSmDHA3P/HJ6EU5CwhVmSMqubcXKTZFQFDOSlZxEkhjhIeqTrqYchUS66eSBDB5qpQeDSOjiCk7U3xMpCqUchb7uDJEayFlvLP7ndRMVnLsp5XGiCMfTRUHCoIrgOA3Yo4JgxUaaICyovhXiARIIK51ZSYdgz748T1rHFbtWqd2elusXeRxFsA8OwBGwwRmog2vQAE2AQQaewSt4M56MF+Pd+Ji2Fox8Zhf8gfH5A8EHlT0=</latexit>

pF ⇠ N1/3
� /R



1. Too good at making BH —  tend to evaporate instead of accreting 
<latexit sha1_base64="Cebb71kl4EfpbgsJZmweftOa/g8="></latexit>

MCh ⇠ 1038
✓
GeV2

m�

◆
vs

2. Spoiled by self-interactions ~  
<latexit sha1_base64="xwoUVNwN1Yx9xOT8LbM5PEdYvfA=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRSWpdFNy4r2Ac0aZlMJu3QySTMTJQS+h9uXCji1n9x5984bbPQ1gMDh3PO5d45fsKZ0rb9bRU2Nre2d4q7pb39g8Oj8vFJR8WpJLRNYh7Lno8V5UzQtmaa014iKY58Trv+5Hbudx+pVCwWD3qaUC/CI8FCRrA20sDlJhpg5CZjNqgNyxW7ai+A1omTkwrkaA3LX24QkzSiQhOOleo7dqK9DEvNCKezkpsqmmAywSPaN1TgiCovW1w9QxdGCVAYS/OERgv190SGI6WmkW+SEdZjterNxf+8fqrDay9jIkk1FWS5KEw50jGaV4ACJinRfGoIJpKZWxEZY4mJNkWVTAnO6pfXSeeq6tSr9ftapXmT11GEMziHS3CgAU24gxa0gYCEZ3iFN+vJerHerY9ltGDlM6fwB9bnD9zokh0=</latexit>

��4

<latexit sha1_base64="IBswH/u9Shib3YzEF8rZ66jKEa8="></latexit>

N� &
✓
MPl

m�

◆2
<latexit sha1_base64="hDFquzyyN3aqu64xQovfL2bQBlI="></latexit>

N� &
p
�

✓
MPl

m�

◆3<latexit sha1_base64="nCBkDcHjwLyn0OgizrLE/W3hmYA=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR3FhmVGqXRTcuK9gHdMaSyWTa0CQzJBmhDHXjr7hxoYhb/8Kdf2PazkJbDwQO55zLzT1BwqjSjvNtFZaWV1bXiuuljc2t7R17d6+l4lRi0sQxi2UnQIowKkhTU81IJ5EE8YCRdjC8nvjtByIVjcWdHiXE56gvaEQx0kbq2QceM+EQQa+vTYpD17nPTs9r455ddirOFHCRuDkpgxyNnv3lhTFOOREaM6RU13US7WdIaooZGZe8VJEE4SHqk66hAnGi/Gx6wRgeGyWEUSzNExpO1d8TGeJKjXhgkhzpgZr3JuJ/XjfVUc3PqEhSTQSeLYpSBnUMJ3XAkEqCNRsZgrCk5q8QD5BEWJvSSqYEd/7kRdI6q7jVSvX2oly/yusogkNwBE6ACy5BHdyABmgCDB7BM3gFb9aT9WK9Wx+zaMHKZ/bBH1ifP+JZleQ=</latexit>

� & 10�38

<latexit sha1_base64="633bdhgvTiGv3YV5NtTTdwYm9bI=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1U2ZUqsuiGzdKBfuATh0yaaYNTWaG5I5Qhn6HG3/FjQtF3Ikb/8b0sdDWA4HDOfdwc0+QCK7Bcb6thcWl5ZXV3Fp+fWNza9ve2a3rOFWU1WgsYtUMiGaCR6wGHARrJooRGQjWCPqXI7/xwJTmcXQHg4S1JelGPOSUgJF8273BXheML7EnWAjF7NrPPCVxVQy92CSx9D3a40NP8W4Pju5PfLvglJwx8Dxxp6SApqj69qfXiWkqWQRUEK1brpNAOyMKOBVsmPdSzRJC+6TLWoZGRDLdzsanDfGhUTo4jJV5EeCx+juREan1QAZmUhLo6VlvJP7ntVIIz9sZj5IUWEQni8JUYIjxqCfc4YpREANDCFXc/BXTHlGEgmkzb0pwZ0+eJ/XjklsulW9PC5WLaR05tI8OUBG56AxV0BWqohqi6BE9o1f0Zj1ZL9a79TEZXbCmmT30B9bXD95/oMo=</latexit>

N &
✓
MPl

m�

◆3

at the end, similar to Fermi pressure

Bosonic DM a priori better

<latexit sha1_base64="UDRPyXUfwf7XjoGOX1EvC44BZ4U=">AAACFXicbVBLSwMxGMz6rPVV9eglWAQPUnZVWo+lHvQiVLAP6NaSTdM2NI8lyYpl6Z/w4l/x4kERr4I3/43pdg/aOhCYzMxH8k0QMqqN6347C4tLyyurmbXs+sbm1nZuZ7euZaQwqWHJpGoGSBNGBakZahhphoogHjDSCIYXE79xT5SmUtyaUUjaHPUF7VGMjJU6uePrTuwrDitSdOkY+n1jsxx67l18WrJ3HsiHJHBJ6uNOLu8W3ARwnngpyYMU1U7uy+9KHHEiDGZI65bnhqYdI2UoZmSc9SNNQoSHqE9algrEiW7HyVZjeGiVLuxJZY8wMFF/T8SIaz3igU1yZAZ61puI/3mtyPTO2zEVYWSIwNOHehGDRsJJRbBLFcGGjSxBWFH7V4gHSCFsbJFZW4I3u/I8qZ8UvGKheHOWL1fSOjJgHxyAI+CBEiiDK1AFNYDBI3gGr+DNeXJenHfnYxpdcNKZPfAHzucPJECeMw==</latexit>

MBondi & 1037GeV



Garani, Kouvaris, Vandecasteele, MHGT (2025)

toward 
<latexit sha1_base64="633bdhgvTiGv3YV5NtTTdwYm9bI=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1U2ZUqsuiGzdKBfuATh0yaaYNTWaG5I5Qhn6HG3/FjQtF3Ikb/8b0sdDWA4HDOfdwc0+QCK7Bcb6thcWl5ZXV3Fp+fWNza9ve2a3rOFWU1WgsYtUMiGaCR6wGHARrJooRGQjWCPqXI7/xwJTmcXQHg4S1JelGPOSUgJF8273BXheML7EnWAjF7NrPPCVxVQy92CSx9D3a40NP8W4Pju5PfLvglJwx8Dxxp6SApqj69qfXiWkqWQRUEK1brpNAOyMKOBVsmPdSzRJC+6TLWoZGRDLdzsanDfGhUTo4jJV5EeCx+juREan1QAZmUhLo6VlvJP7ntVIIz9sZj5IUWEQni8JUYIjxqCfc4YpREANDCFXc/BXTHlGEgmkzb0pwZ0+eJ/XjklsulW9PC5WLaR05tI8OUBG56AxV0BWqohqi6BE9o1f0Zj1ZL9a79TEZXbCmmT30B9bXD95/oMo=</latexit>

N &
✓
MPl

m�

◆3

self-
gravitating 

cloud

grav. pot. 
dominated by 

neutrons Standard Scenario - Fermions



Garani, Kouvaris, Vandecasteele, MHGT (2025)

toward 
<latexit sha1_base64="633bdhgvTiGv3YV5NtTTdwYm9bI=">AAACGnicbVDLSgMxFM34rPU16tJNsAh1U2ZUqsuiGzdKBfuATh0yaaYNTWaG5I5Qhn6HG3/FjQtF3Ikb/8b0sdDWA4HDOfdwc0+QCK7Bcb6thcWl5ZXV3Fp+fWNza9ve2a3rOFWU1WgsYtUMiGaCR6wGHARrJooRGQjWCPqXI7/xwJTmcXQHg4S1JelGPOSUgJF8273BXheML7EnWAjF7NrPPCVxVQy92CSx9D3a40NP8W4Pju5PfLvglJwx8Dxxp6SApqj69qfXiWkqWQRUEK1brpNAOyMKOBVsmPdSzRJC+6TLWoZGRDLdzsanDfGhUTo4jJV5EeCx+juREan1QAZmUhLo6VlvJP7ntVIIz9sZj5IUWEQni8JUYIjxqCfc4YpREANDCFXc/BXTHlGEgmkzb0pwZ0+eJ/XjklsulW9PC5WLaR05tI8OUBG56AxV0BWqohqi6BE9o1f0Zj1ZL9a79TEZXbCmmT30B9bXD95/oMo=</latexit>

N &
✓
MPl

m�

◆3

potential 
dominated by 

neutrons

self-
gravitating 

cloud

unstable 
mode

(but outcome unclear)



Summary of « constraints »


