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- Universal density profile from simulations of collision-
less dark                    

Cold Dark Matter (DM as a pressure-less fluid of massive particles) works fine on Large and Cosmological 
scales, but presents several puzzles on small scales (~kpc) … 

Prediction of CDM:
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Navarro-Frenk-White 
 density distribution
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core+NFW tail
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- For small halos (dwarf galaxies), this universal 
behavior is not observed…

- Universal density profile from simulations of collision-
less dark                    

CDM over predicts abundance 
 in central regions of small halos…

The mismatch is known as the Core-Cusp problem

Cold Dark Matter (DM as a pressure-less fluid of massive particles) works fine on Large and Cosmological 
scales, but presents several puzzles on small scales (~kpc) … 

Prediction of CDM:
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Navarro-Frenk-White 
 density distribution
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Different ways of addressing it (and other open puzzles!) 

1) Understand better the role of the baryonic physics…

2) New properties of dark matter beyond CDM!
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What if dark matter is in a Superfluid phase in halos?

Different ways of addressing it (and other open puzzles!) 

1) Understand better the role of the baryonic physics…

2) New properties of dark matter beyond CDM!



2) Phonons: low energy degree of freedom of the condensate are sound waves and not single particles: 

v < cs

4

1) Condensate of self-interacting dark bosons in thermal equilibrium (T<Tc):  BEC + repulsive self-interactions                                                                                              

3) Landau’s criterion for superfluidity:  Subsonic perturber (no accelerations) may not perturb the superfluid!

Single particlesCollective waves

Cannot excite phonons! Kinematically prohibited.

!2 = c2sk
2 +

k4

4m2
, c2s =

@P

@⇢
<latexit sha1_base64="NfQwcd2Qs05juJxCLuLN1nmPkKc="></latexit>

What is a dark matter superfluid?

(In general, more complicated spectrum 
 E.g. rotons and maxons in He4)
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Why a dark matter superfluid?

L =
1

2
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4!
<latexit sha1_base64="eWJ3iRUZwi5/bHYUIkTfHwXJJ3s="></latexit>

1) If m< 1 eV, dark matter de Broglie volume is highly occupied in halos    (degeneracy!)
2) Efficient Self-interactions would thermalize dark matter                        (thermal equilibrium!)

NFW SF
SF

Cold Dark Matter Superfluid Dark Matter

Ultralight scalar with  
repulsive self-interactions

Formation the superfluid phase. The ground state pressure sustains self-gravitating quasi homogeneous 
configurations  (non topological solitons) 

for m<10-5 eV, these can be kpc sized  

(If we choose the self-coupling accordingly…)

Superfluid droplets 

Implications:

✓
c2s =

�⇢

8m4

◆

<latexit sha1_base64="5bd4Fla2sfJJFFLfwTLBnMbm2K8="></latexit>



Superfluid  
Soliton
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Poisson’s equation

Equation of state

Hydrostatic Eq.

~r2� = 4⇡G⇢dm(r)
<latexit sha1_base64="FMNI/R7+WYNBS0wqfw3316rTCTE="></latexit>

P (r) =
�⇢dm(r)2

4m4
<latexit sha1_base64="fr+mIeRyu8pEi/BKN06NbLfYmjM=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKChN0Y0IsgevEYwaiQjaF30tHBmd1lpleUZX/CT/ArvOrJm3hU8F+cxBx81amo6qK7K0qVtOT7b97I6Nj4xOTUdGlmdm5+oby4dGKTzAhsikQl5iwCi0rG2CRJCs9Sg6AjhafR1UHfP71GY2USH9Ntim0NF7HsSQHkpE55s7FuNnbDngGRh8rluhCay6QTEt5Q3tWFs89rRV7X5/WiU674VX8A/pcEQ1JhQzQ65Y+wm4hMY0xCgbWtwE+pnYMhKRQWpTCzmIK4ggtsORqDRtvOB18VfC2zQAlP0XCp+EDE74kctLW3OnKTGujS/vb64n9eK6PeTjuXcZoRxqK/iKTCwSIrjHR1Ie9Kg0TQvxy5jLkAA0RoJAchnJi5/kquj+D393/JSa0abFVrR/XK3v6wmSm2wlbZOgvYNttjh6zBmkywO/bAHtmTd+89ey/e69foiDfMLLMf8N4/AXcFo1U=</latexit>
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dP
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= �d�(r)
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<latexit sha1_base64="1LDfHpcEWO6W1m89H6NByYG9QY4="></latexit>

⇢dm(r) = ⇢0
sin(r/`)

r/`
<latexit sha1_base64="uRcnJt4t7mibINiWsPmf65G7pcA=">AAACJ3icbVC7TsNAEDzzJrwClDQnIqTQBDtBggYJQUMJEoFIcRStLxs4cT5bd2tEZPlD+AS+ghYqOgQFBX+CY1JAYKrRzK52Z4JYSUuu++5MTE5Nz8zOzZcWFpeWV8qraxc2SozApohUZFoBWFRSY5MkKWzFBiEMFF4GN8dD//IWjZWRPqdBjJ0QrrTsSwGUS91ywzfXUdcnvKO0F2ZVs31QKK7fNyBS30pdNTs+KrWdpd8k65Yrbs0twP8Sb0QqbITTbvnD70UiCVGTUGBt23Nj6qRgSAqFWclPLMYgbuAK2znVEKLtpEW4jG8lFijiMRouFS9E/LmRQmjtIAzyyRDo2o57Q/E/r51Qf7+TSh0nhFoMD5FUWByywsi8NeQ9aZAIhp8jl5oLMECERnIQIheTvMZS3oc3nv4vuajXvEatfrZbOTwaNTPHNtgmqzKP7bFDdsJOWZMJds8e2RN7dh6cF+fVefsenXBGO+vsF5zPL8rVpqc=</latexit>

vB > cs
<latexit sha1_base64="kMrRj47YZvvH4JLJGjnJsPdT/9k=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIDElQoCg1lkMhDSizrfNmEU85n624dKbLyEbRQ0SFavoaCf8E2LiBhqtHMrnZ2/EgKg7b9aZXW1jc2t8rblZ3dvf2D6uFR14Sx5tDhoQx132cGpFDQQYES+pEGFvgSev70NvN7M9BGhOoB5xG4AZsoMRacYSr1Zl7rhnvGq9bsup2DrhKnIDVSoO1Vv4ajkMcBKOSSGTNw7AjdhGkUXMKiMowNRIxP2QQGKVUsAOMmedwFPYsNw5BGoKmQNBfh90bCAmPmgZ9OBgwfzbKXif95gxjH124iVBQjKJ4dQiEhP2S4FmkPQEdCAyLLkgMVinKmGSJoQRnnqRinxVTSPpzl71dJt1F3LuqN+8tas1U0UyYn5JScE4dckSa5I23SIZxMyRN5Ji9WYr1ab9b7z2jJKnaOyR9YH9+nX5PT</latexit>

To probe the superfluid behavior of dark matter,  
we need to perturb the system with subsonic probes (v<cs)…

Quasi-homogeneous in the centre,  
possible solution to the core-cusp problem!
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Poisson’s equation

Equation of state

Hydrostatic Eq.

~r2� = 4⇡G (⇢dm(r) +MBH�(r))
<latexit sha1_base64="qWJMtKHg1T2PFLS/O0KxP+ZCv9Y="></latexit>

P (r) =
�⇢dm(r)2

4m4
<latexit sha1_base64="fr+mIeRyu8pEi/BKN06NbLfYmjM=">AAACIHicbVDLSgNBEJz1bXxFPXoZDIKChN0Y0IsgevEYwaiQjaF30tHBmd1lpleUZX/CT/ArvOrJm3hU8F+cxBx81amo6qK7K0qVtOT7b97I6Nj4xOTUdGlmdm5+oby4dGKTzAhsikQl5iwCi0rG2CRJCs9Sg6AjhafR1UHfP71GY2USH9Ntim0NF7HsSQHkpE55s7FuNnbDngGRh8rluhCay6QTEt5Q3tWFs89rRV7X5/WiU674VX8A/pcEQ1JhQzQ65Y+wm4hMY0xCgbWtwE+pnYMhKRQWpTCzmIK4ggtsORqDRtvOB18VfC2zQAlP0XCp+EDE74kctLW3OnKTGujS/vb64n9eK6PeTjuXcZoRxqK/iKTCwSIrjHR1Ie9Kg0TQvxy5jLkAA0RoJAchnJi5/kquj+D393/JSa0abFVrR/XK3v6wmSm2wlbZOgvYNttjh6zBmkywO/bAHtmTd+89ey/e69foiDfMLLMf8N4/AXcFo1U=</latexit>
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⇢dm(r)

dP
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= �d�(r)

dr
<latexit sha1_base64="1LDfHpcEWO6W1m89H6NByYG9QY4="></latexit>

(Fig from L. Berezhiani, G.C., V. De Luca, J. Khoury, 2023)

(V. De Luca J. Khoury, 2023)

vB > cs
<latexit sha1_base64="kMrRj47YZvvH4JLJGjnJsPdT/9k=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIDElQoCg1lkMhDSizrfNmEU85n624dKbLyEbRQ0SFavoaCf8E2LiBhqtHMrnZ2/EgKg7b9aZXW1jc2t8rblZ3dvf2D6uFR14Sx5tDhoQx132cGpFDQQYES+pEGFvgSev70NvN7M9BGhOoB5xG4AZsoMRacYSr1Zl7rhnvGq9bsup2DrhKnIDVSoO1Vv4ajkMcBKOSSGTNw7AjdhGkUXMKiMowNRIxP2QQGKVUsAOMmedwFPYsNw5BGoKmQNBfh90bCAmPmgZ9OBgwfzbKXif95gxjH124iVBQjKJ4dQiEhP2S4FmkPQEdCAyLLkgMVinKmGSJoQRnnqRinxVTSPpzl71dJt1F3LuqN+8tas1U0UyYn5JScE4dckSa5I23SIZxMyRN5Ji9WYr1ab9b7z2jJKnaOyR9YH9+nX5PT</latexit>

rh

To probe the superfluid behavior of dark matter,  
we need to perturb the system with subsonic probes (v<cs)…

Dark Matter Spike
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Equation of state

Hydrostatic Eq.

~r2� = 4⇡G (⇢dm(r) +MBH�(r))
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<latexit sha1_base64="1LDfHpcEWO6W1m89H6NByYG9QY4="></latexit>

(Fig from L. Berezhiani, G.C., V. De Luca, J. Khoury, 2023)

(V. De Luca J. Khoury, 2023)

vB > cs
<latexit sha1_base64="kMrRj47YZvvH4JLJGjnJsPdT/9k=">AAAB+XicbVC7TsNAEDyHVwivACXNiQiJKrIDElQoCg1lkMhDSizrfNmEU85n624dKbLyEbRQ0SFavoaCf8E2LiBhqtHMrnZ2/EgKg7b9aZXW1jc2t8rblZ3dvf2D6uFR14Sx5tDhoQx132cGpFDQQYES+pEGFvgSev70NvN7M9BGhOoB5xG4AZsoMRacYSr1Zl7rhnvGq9bsup2DrhKnIDVSoO1Vv4ajkMcBKOSSGTNw7AjdhGkUXMKiMowNRIxP2QQGKVUsAOMmedwFPYsNw5BGoKmQNBfh90bCAmPmgZ9OBgwfzbKXif95gxjH124iVBQjKJ4dQiEhP2S4FmkPQEdCAyLLkgMVinKmGSJoQRnnqRinxVTSPpzl71dJt1F3LuqN+8tas1U0UyYn5JScE4dckSa5I23SIZxMyRN5Ji9WYr1ab9b7z2jJKnaOyR9YH9+nX5PT</latexit>

vBH < cs
<latexit sha1_base64="5uLnljL3z5ctI516tpXmZabMUvs=">AAAB/HicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgoIiCk3KIJGHSKzofNmEU85n624dKbLCV9BCRYdo+RcK/gXbuICEqUYzu9rZ8UIpDNr2p7Wyura+sVnYKm7v7O7tlw4O2yaINIcWD2Sgux4zIIWCFgqU0A01MN+T0PEmN6nfmYI2IlB3OAvB9dlYiZHgDBPpfjqI6435NR+YQalsV+wMdJk4OSmTHM1B6as/DHjkg0IumTE9xw7RjZlGwSXMi/3IQMj4hI2hl1DFfDBunCWe09PIMAxoCJoKSTMRfm/EzDdm5nvJpM/wwSx6qfif14twdOXGQoURguLpIRQSskOGa5FUAXQoNCCyNDlQoShnmiGCFpRxnohR0k0x6cNZ/H6ZtKsV57xSvb0o1+p5MwVyTE7IGXHIJamRBmmSFuFEkSfyTF6sR+vVerPef0ZXrHzniPyB9fEND9uVLw==</latexit>

rh

To probe the superfluid behavior of dark matter,  
we need to perturb the system with subsonic probes (v<cs)…

Dark Matter Spike

We specialize in extreme mass ratio inspirals (EMRIs): ratiomasses <10-5



Can we probe dark matter superfluidity?   YES, with Dynamical friction in dark matter spikes
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Can we probe dark matter superfluidity?   YES, with Dynamical friction in dark matter spikes
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Drag Force F 

V

B
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1) Collisionless gas of massive particles

~FSFDM = 0 v < cs
<latexit sha1_base64="klQPsPCFaOMve+feL0yhjj55bRE=">AAACFXicbVA9SwNBEN3zM8avqKXNahCswp0KWiiIitgIiiYKuXDMbSa6ZO/D3blgOFL7E/wVtlrZia21hf/FS0yhia96vDfDzHt+rKQh2/60RkbHxicmc1P56ZnZufnCwmLFRIkWWBaRivS1DwaVDLFMkhRexxoh8BVe+c3Drn/VQm1kFF5SO8ZaADehbEgBlEleYcVtoUiPO55LeE/pxfHRaWfPdu/uEqjz1q7wjFco2iW7Bz5MnD4psj7OvMKXW49EEmBIQoExVceOqZaCJikUdvJuYjAG0YQbrGY0hABNLe1F6fC1xABFPEbNpeI9EX9vpBAY0w78bDIAujWDXlf8z6sm1NippTKME8JQdA+RVNg7ZISWWUfI61IjEXQ/Ry5DLkADEWrJQYhMTLLS8lkfzmD6YVLZKDmbpY3zreL+Qb+ZHFtmq2ydOWyb7bMTdsbKTLAH9sSe2Yv1aL1ab9b7z+iI1d9ZYn9gfXwDCl6e5A==</latexit>

Although there is only gravity that mediates interactions between baryons and DM

~FCDM = �4⇡G2M2
B⇢0

v2B
C(vB ,�v)

<latexit sha1_base64="PhO0G7tx+WmuY2N3LpZimclxvpk="></latexit>

the overdensity depends on the properties of the medium!

2) Superfluid medium

Drag Force F 

(S. Chandrasekhar, 1943)

~FSFDM = �4⇡G2M2⇢0
v2B

log(��1
p

v2/cs2 � 1 + �2) v > cs
<latexit sha1_base64="OE4/n+YPOOA6N6TdtyiaSQjjZLk="></latexit>

(L. Berezhiani, B. Elder, J. Khoury, 2019)

Subsonic case substantially different than CDM! 
(All examples are for the linear motion…)

(β is a constant…)

Can we probe dark matter superfluidity?   YES, with Dynamical friction in dark matter spikes
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BH

Mach Number

r0
<latexit sha1_base64="cWQdtkz1r3c1CpMpsxU5Jkyspo4=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdKsH9qBStWt2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnUGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QvZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0A+RDqZEIsuTIZcAFaCBCLTkIkYpxWko57cOZ/36RtOs157RWvzmrNi6LZkrskB2xE+awc9Zg16zJWkywMXtiz+zFerRerTfr/Wd0ySp2DtgfWB/fqJCSIg==</latexit>

M =
⌦r0
cs

<latexit sha1_base64="zT85ZWkj0a3WRRWc4dH71ZXcJkk=">AAACFnicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQYMUQUODCBIJSLFlrY9NOHF+6G6NFFnu+QS+ghYqOkRLS8G/YAcXvKYazexqZydIlDRk2+/WxOTU9Mxsba4+v7C4tNxYWe2ZONUCuyJWsb4MwKCSEXZJksLLRCOEgcKL4Oao9C9uURsZR+c0StALYRjJgRRAheQ3NtwQ6FqAyk7yA3egQWTuaYhD4Nq380z4JvcbTbtlj8H/EqciTVah4zc+3KtYpCFGJBQY03fshLwMNEmhMK+7qcEExA0MsV/QCEI0Xjb+JeebqQGKeYKaS8XHIn7fyCA0ZhQGxWSZ3Pz2SvE/r5/SYN/LZJSkhJEoD5FUOD5khJZFScivpEYiKJMjlxEXoIEIteQgRCGmRWv1og/n9/d/SW+75ey0ts92m+3DqpkaW2cbbIs5bI+12THrsC4T7I49sEf2ZN1bz9aL9fo1OmFVO2vsB6y3T4pHn8M=</latexit>

Formalism for circular orbits from ‘V. Desjacques., A. Nusser., R. Bühler, 2022’

(L. Berezhiani, G.C., V. De Luca, J. Khoury, 2023)
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BH

r0
<latexit sha1_base64="cWQdtkz1r3c1CpMpsxU5Jkyspo4=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdKsH9qBStWt2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnUGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QvZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0A+RDqZEIsuTIZcAFaCBCLTkIkYpxWko57cOZ/36RtOs157RWvzmrNi6LZkrskB2xE+awc9Zg16zJWkywMXtiz+zFerRerTfr/Wd0ySp2DtgfWB/fqJCSIg==</latexit>

Mach NumberM =
⌦r0
cs

<latexit sha1_base64="zT85ZWkj0a3WRRWc4dH71ZXcJkk=">AAACFnicbVC7TsNAEDzzDOEVoKQ5ESFRRTYgQYMUQUODCBIJSLFlrY9NOHF+6G6NFFnu+QS+ghYqOkRLS8G/YAcXvKYazexqZydIlDRk2+/WxOTU9Mxsba4+v7C4tNxYWe2ZONUCuyJWsb4MwKCSEXZJksLLRCOEgcKL4Oao9C9uURsZR+c0StALYRjJgRRAheQ3NtwQ6FqAyk7yA3egQWTuaYhD4Nq380z4JvcbTbtlj8H/EqciTVah4zc+3KtYpCFGJBQY03fshLwMNEmhMK+7qcEExA0MsV/QCEI0Xjb+JeebqQGKeYKaS8XHIn7fyCA0ZhQGxWSZ3Pz2SvE/r5/SYN/LZJSkhJEoD5FUOD5khJZFScivpEYiKJMjlxEXoIEIteQgRCGmRWv1og/n9/d/SW+75ey0ts92m+3DqpkaW2cbbIs5bI+12THrsC4T7I49sEf2ZN1bz9aL9fo1OmFVO2vsB6y3T4pHn8M=</latexit>

Formalism for circular orbits from ‘V. Desjacques., A. Nusser., R. Bühler, 2022’

(L. Berezhiani, G.C., V. De Luca, J. Khoury, 2023)
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r0
<latexit sha1_base64="cWQdtkz1r3c1CpMpsxU5Jkyspo4=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRXZAgjKChjII8pASK1pfNuGU80N3a1Bk5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yVXmdx5QGxkGdzSN0PVhHMiRFECpdKsH9qBStWt2Dr5InIJUWYHmoPLVH4Yi9jEgocCYnmNH5CagSQqFs3I/NhiBmMAYeykNwEfjJnnUGT+ODVDII9RcKp6L+HsjAd+Yqe+lkz7QvZn3MvE/rxfT6MJNZBDFhIHIDpFUmB8yQsu0A+RDqZEIsuTIZcAFaCBCLTkIkYpxWko57cOZ/36RtOs157RWvzmrNi6LZkrskB2xE+awc9Zg16zJWkywMXtiz+zFerRerTfr/Wd0ySp2DtgfWB/fqJCSIg==</latexit>
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2) Consider the following system of equations and solve for α(r,t): 

Euler’s equation + Poisson’s equation + Equation of state

1) Consider the linearized theory 
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+ Continuity equation
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2) Consider the following system of equations and solve for α(r,t): 

Euler’s equation + Poisson’s equation + Equation of state

1) Consider the linearized theory 

3) Evaluate the force between the perturber and α(r,t). Circular orbits!  
(similar to evaluation of Retarded Potential, different mediator)
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+ Continuity equation

~FDF = (4⇡GM)2⇢0

Z 1

0
d⌧

Z
d4k

k2
i~k

c2sk
2 + k4

4m2 � (! + i✏)2
e�i!⌧+i~k·(~r�~r0)

<latexit sha1_base64="qMPLHDr14Bgpd6GhVHfMyi32byE="></latexit>

Phonon dispersion relation
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2) Consider the following system of equations and solve for α(r,t): 

Euler’s equation + Poisson’s equation + Equation of state

1) Consider the linearized theory 

3) Evaluate the force between the perturber and α(r,t). Circular orbits!  
(similar to evaluation of Retarded Potential, different mediator)

4) There is a general solution expressed as a sum over multipoles.  For 
subsonic motion (M<1) and mostly sound waves perturbations (r0-1<mcs):
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<latexit sha1_base64="ilCRX2S+wJnmfNc31LlYcCTY1Lk=">AAACBXicbVC7SgNBFJ2NrxhfGy1tBoMQm7CrgjZCUBDLCOYBybLMTm7ikNkHM3fVsKT2K2y1shNbv8PCf3GzbqGJpzqccy/33ONFUmi0rE+jsLC4tLxSXC2trW9sbpnl7ZYOY8WhyUMZqo7HNEgRQBMFSuhECpjvSWh7o4up374DpUUY3OA4Asdnw0AMBGeYSq5Zrl66PYQHTPr+5MBVZ5ZrVqyalYHOEzsnFZKj4ZpfvX7IYx8C5JJp3bWtCJ2EKRRcwqTUizVEjI/YELopDZgP2kmy6BO6H2uGIY1AUSFpJsLvjYT5Wo99L530Gd7qWW8q/ud1YxycOokIohgh4NNDKCRkhzRXIu0EaF8oQGTT5EBFQDlTDBGUoIzzVIzTkkppH/bs9/OkdVizj2qH18eV+nneTJHskj1SJTY5IXVyRRqkSTi5J0/kmbwYj8ar8Wa8/4wWjHxnh/yB8fENUOWX/A==</latexit>

Collisionless gas Superfluid+circular motion 
Smaller than unity!
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10-6 2) If we extend non homogeneous medium. Suppression of 
Dynamical friction (compared to CDM) due to
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C) Phonons 
D) different density distribution of the spike
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1) Dynamical friction for sound waves perturbations (r0-1<mcs)

A) Zero radial friction for subsonic motion 
B) Bumps: the perturber renters its own wake

~FDF = �4⇡G2M2⇢

c2s
~FDF
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C) Homogeneous medium
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1) Dynamical friction when perturbations are 
mostly sound waves  (r0-1<mcs)

2) Dynamical friction when perturbations are in 
between sound waves and single particles (r0-1 ≃ mcs)
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r0 = 10/mDMcs
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3) Comparison of GW-emission and Dynamical friction for EMRIs

A) GW-emission dominates at low radii both for CDM and SFDM.

B) Compared to CDM, the transition takes place at larger radii for SFDM

C) The transition can be probed by LISA for CDM. Not for SFDM!   
  

(L. Berezhiani, G.C., V. De Luca, J. Khoury, 2023)
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Conclusions

19

Dark Matter superfluidity, in which sub-eV bosons with repulsive self-interactions 
condense at typical galactic density, is a proposal that can ameliorate the open 
questions that affect DM in galaxies.

1) 

Perturbers moving in the dark matter superfluid would experience a suppressed 
dynamical friction than CDM. It can lead to different observational signatures!2) 

This difference is particularly noticeable in dark matter spikes. It leads to a different 
evolution of EMRIs. In contrast to CDM, the suppression of Dynamical friction gives a 
GW dephasing which is not detectable with LISA.

3) 
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