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Based on arXiv:i2403.13072

Introduction to EDOs

Extended Dark matter Objects are a popular option for dark matter

-Macroscopical objects that only interact gravitationally with matter

-They have multiple formation mechanisms:
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Introduction to EDOs

Extended Dark matter Objects are a popular option for dark matter
-Macroscopical objects that only interact gravitationally with matter
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Based on arXivi2403.13072

Introduction to EDOs

However, the different formation mechanisms also makes it necessary to test them case-by-case; for
example, see Microlensing/Weak lensing:
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Based on arXiv:i2403.13072

Introduction to EDOs

However, the different formation mechanisms also makes it necessary to test them case-by-case; for
example, see Microlensing/Weak lensing:
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Based on arXiv:i2403.13072

Introduction to EDOs

That's what we will be doing today!

The theoretical framework was already developed by Bai, Long and Lu (2020)
where they work with the uniform sphere case, and get these constrains:

-Only the uniform sphere -> Analytically .
10 : CMB anisotropy

-Just for 100% dark matter fraction

1% collisional
10"° ionization
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Based on arXiv:i2403.13072

Introduction to EDOs

That's what we will be doing today!

The theoretical framework was already developed b
where they work with the uniform sphere case, and ¢

-Only the uniform sphere -> Analytically :
-Just for 100% dark matter fraction
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Based on arXiv:i2403.13072

Matter accretion o @ ©
@ (1

Let's start with the accretion of matter into a single, isolated EDO,
like the one here:

We expect matter to interact gravitationally with it Q Q
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Based on arXiv:i2403.13072

Matter accretion

Let's start with the accretion of matter into a single, isolated EDO,

like the one here;

We expect matter to interact gravitationally with it
The emitted luminosity depends on the following parameters:

-Density P = MeNe + MpNyp + MHENEH

-Temperature Ne
L . Te = —
-lonisation fraction Ne + N

-Number of electrons=protons
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Based on arXiv:i2403.13072

Matter accretion

Given that baryons can be modeled as a fluid, they will be described by Navier-Stokes equations

, 1
P -+ T—Q(T2,0U)/ — 07

p0 + pvv' + P = pg,

p(E]0) + polE/p) + P5(r*0) =

But we will need to take a series of approximations to simplify this system
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Based on arXiv:i2403.13072

Matter accretion

Approximations!

1. Static solutions
2. Hydrostatic approximation: v(r) = 0
3. x.(r) constant

4. Allow for adiabaticity P(r) = Kp(r)” T'(r) = Kmy 1'0
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Matter accretion

We will solve this system imposing the boundary conditions at infinity to be given by
the universe's background.

Use Peebles case B recombination, or three level atom

etp continuum
XK
dTM _ 1 Nt &1 2O' TTcmb4 Le (TM _ Tcmb) 7 \\ excited states
dz (14 2) A5H (z)me 1+ xe i
s p
dxe ag(Tv) 5 meTa \ /2 _BL
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ground state

Baunmann, Cosmology
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Matter accretion

Based on arXiv:i2403.13072

We will solve this system imposing the boundary conditions at infinity to be given by
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We will solve this equation:

With this boundary conditions:

Poo = mpn(z)v T = TM(Z)a

And the uniform sphere
mass function:

r<R
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Based on arXiv:i2403.13072
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We will solve this equation:

But that is not enough! Add corrections:

-Interactions with CMB

. 1 2 /
pt (7°pv)
pv + pvv’ + P = pyg,

p(E]0) + po(E/p) + P (rPv)
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Based on arXiv:i2403.13072
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Based on arXiv:i2403.13072

We will solve this equation: GM(’I“) _9 dp(?“)

+vKp(r) =0

dr

r2

But that is not enough! Add corrections:
-Interactions with CMB

We need to define some new parameters:

Sounds speed at infinity: Coo = \/ﬂyooPoo/pool
Bondi radius: Rg = GM/c2,

. 3
Bonditime: tg = GM/c>,
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Based on arXiv:i2403.13072

We will solve this equation: GM(’I“) _9 dp(?“)

=0

+~vKp(r)?

dr

r2

But that is not enough! Add corrections:
-Interactions with CMB

We need to define some new parameters:

Sounds speed at infinity: Ceo = \/Woopoo/pool Ccool = Rcool/tcool
Bondi radius: Rg = GM/c Reool = ©72/3Rp
3me(1+ Z.)
itime: tg = GM/c> teool =
Bonditime: B / 50 1 800 T Domnb

This allows to express the equations as follows

T _ _
ip’Yoo—lRB d ( ) — @(Tcmb . T) o — 83,'60'Tpcmb " 3me(1 + .’,Ue)

oo—1 = — ‘ teool = 52
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Based on arXiv:i2403.13072

We will solve this equation: GM("“)

But that is not enough! Add corrections:
-Interactions withcMvB 2 =300
Only affects high redshifts

_ T Ll R=10°m ]
Leool = 3?7}6(1 + -Te) ]010 - — R = 106 M A
8m60-Tpcmb - R — 109 m i

106' \ R =10"m -

100

T(eV)
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Based on arXiv:i2403.13072

We will solve this equation: GM("“)

But that is not enough! Add corrections:
-Interactions withcMvB 2 =300
Only affects high redshifts

L o 5 A
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Based on arXiv:i2403.13072

We will solve this equation:

But that is not enough! Add corrections:

-Interactions with CMB

10%

-Collisional ionisation: T ot
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Based on arXiv:i2403.13072

We will solve this equation:

r? dr
----- z = 800
But that is not enough! Add corrections: 2 =200
-Interactions with CMB . T R=10°m e S R=10m
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Based on arXiv:i2403.13072

We will solve this equation: GM("“)

But that is not enough! Add corrections:
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Based on arXiv:i2403.13072

Comparing different mass profiles, all the same until R:

10°+ — Uniform sphere - — Uniform sphere
i \ — Mini — halo _ 10% \ — Mini — halo ]
107 F \\ — Boson star . o [ ~. — Boson star ]
i NFW profile - . : N NFW profile
. i i o
= 10 E 100[ ]
o - >
— <D
& 1000} 1D o6l ]
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10} . 102}
0.1+ = | 103 = ]
100 108 “ 1010‘ .. 1014. T II‘ 160 ‘II l(')6 T 1610. I. IOIM.
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Now we can focus on the effect they will have on the background!
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Based on arXiv:i2403.13072

Placing EDOs In our Universe

The internal interactions of particles will emit light via bremsstrahlung

J (7“) = § Smitie v a_39 (I/ T(?“))e_zﬂy/T(r)n (r)n (’I“) Bremsstrahlung
g 3\ 37T(r) m2 FIN e p _ T
e e ;
Integrate frequency: ) B Y e
nucleus nucleus
L(r) = ne(r)np(r)actT (r) T (T(r)/me)

Integrate over space:

_ = 2 — L(c0
L—/O dr 4mr* [L(r) — L(0c0)]
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Based on arXiv:i2403.13072

Placing EDOs In our Universe

However, we also heed to account for relative velocities

v
rel

dm OO 2 7 9002
= ) 3y [, dorvtae TR,
Rg — GM /(2 +v2))

rel

Gaussian distribution with

(022 = min[1, 2/10%] x 30km/s

S
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Based on arXiv:i2403.13072

Placing EDOs In our Universe

There's a nice trick for this

— U /c=0 — Vet /c =0 1
. - — U /C = 1072 Lol — Vel /C = 1072 |
10° ¢ — /e =103 1 - — /e = 1073 ]

Vrar/c = 1074 Vet /C = 107*

10+

T(eV)
7

100 100 100 1014 100 10° 1010 104
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Placing EDOs In our Universe

There's a nice trick for this: rescale r - r Ry

T(eV)

T(eV)
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108}
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.................

Based on arXiv:i2403.13072
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Based on arXiv:i2403.13072

Placing EDOs In our Universe

Relative velocity averaged Luminosity for uniform sphere:

— M = 10" M,
0.001 | o
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107+ .
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~
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Redshift(z)

Sergio Sevillano Munoz Dark Matter beyond the Weak Scale 25t of March



Based on arXiv:i2403.13072

Placing EDOs In our Universe

10k — Uniform sphere == - R = 30Rq M = 102M@
* P —Mini — halo  ee--- R = 50Rs
5%x10710 - — Boson star ——— R = 100Rg _
L — NEF'W profile
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== [ ]
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Based on arXiv:i2403.13072

Placing EDOs In our Universe

Ix10°F Uniform sphere == - R = 30Rs M = 102M@
P —Mini—halo  ----- R = 50Rs
5%x1071° - — Boson star —— R = 100Rg 74 -
L — NEF'W profile
3 10
E 1x10 : .
= [ ]
= 5x107M -
1x1071" ¢ .
5x 10712 f
50 100 | 500 1000

Redshift(z)

We can rescale uniform sphere to other solutions!!
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Based on arXiv:i2403.13072

Placing EDOs In our Universe

Once we have the luminosity, we need to calculate the power density
(P(z)) = (L(z))nepO(2)
nepo(2) = fom ppom(z)/M

Only a fraction of this energy that will get deposited in the background

AT 1 820 Temb”  Te 2 1+2z.

_ — 2T T — Tcm _ epy
dz (14 2) [ M ¥ 45H (2)me 1+aze( M b) SnSH(z)(l—l-z)pdp
dxe aB (TM> 2 meTM 3/2 B 1 — Le pdep

= C, v (1 —x,)| —
dz O rma+ o | o e M=) = S A+ 2) Eyn
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Based on arXiv:i2403.13072

Placing EDOs In our Universe

Solving the system of ODEs for the EDOs, we find the following modifications

l——— - —— 0001 . — :
—fom=1, M=10°M,, R=2x10"m 55104 L —fom=1, M=10>M,, R=2x10""m ]
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2 0010} 3
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10_450 100 500 1000 1x1o-650 100 | 500
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Based on arXiv:i2403.13072

Placing EDOs In our Universe

At this point, we should use a Boltzmann code to constrain the ionisation history.

However, we can recast previous results from PBHSs (Ali-Haimoud, Kamionkowski)

1073
104]\1@3 fpbh = 10—4
4 \U:;,\I..,/‘\)},\‘ =10 ="
10 102 Mg, fobh =1
>
<
1073
10-6 N ‘ ‘ |
50 100 500 1000 0.1 1 10 100 000 o

z Mppn/M

We willtake Axe(z = 50) < 10~ as a constraining condition

Sergio Sevillano Munoz Dark Matter beyond the Weak Scale 25t of March



Based on arXivi2403.13072

Results

Uniform sphere:
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Based on arXivi2403.13072

Resu'-ts Is the scaling reliable?

NFW sub-halo (R): Uniform sphere:
1016 i 1016 F
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Resu'-ts Is the scaling reliable?

Based on arXivi2403.13072

NFW sub-halo: rescaled(x0.3) Uniform sphere:
106 F 10 f
— fom =1 —fom=1 1
[ — fom = 107 | o= ig_z
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Based on arXivi2403.13072

Resu"ts Is the scaling reliable?

Boson star: Uniform sphere:
10 F 10'6F
— fom=1 — fom =1 1
'_f = 107! - — fom = 10°
0% — fm.I = 107 joul — fom = 1072
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= .
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Resu'-ts Is the scaling reliable?

Based on arXivi2403.13072

Boson star: rescaled(x0.45) Uniform sphere:
1016 N 1016 F
— fom=1 — fom =1 1
[ — fom = 107! - — fom = 18_2
0% — fy = 1072 o} —ou=1 3
Jom = — fom = 107
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Based on arXiv:i2403.13072

Res u l'tS Is the scaling reliable?
YES!

The important question: how can we extend this?
1)Plot the luminosity of a new Mass function, and find the necessary rescaling

2) Rescale the bounds from

_o| — Uniformsphere -~ - R = 30Rs
AT Mini—halo  -ee- R = 50R;s
5x10710f Boson star — R = 100 Rg
. . . — NF'W profile
However, getting to the luminosity  _
was quite complicated already.. =
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Results

Is the scaling reliable?

YES!

The important question: how can we extend this?
1)Plot the luminosity of a new Mass function, and find the necessary rescaling

2) Rescale the bounds from

P Uniform sphere === R=30Rg
— Mini — halo ~ ----- R = 50Rg
5%1071°F — Boson star — R = 100 Rg
— NF'W profile

However, getting to the luminosity was
quite complicated already..

§ 1x10710}
. 5 5x107!F
Use our codel Available here;
gitlab.com/SergioSevillano/edo-accretion
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Just need to provide a M(r/R) function! 5x10712
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Redshift(z)
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Resu'-ts Is the scaling reliable?
YES!

The important question: how can we extend this?
Or just rescale to RQO for your mass profile

NFW sub-halo: Uniform sphere: Boson star:
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Finally combining with existing constraints, we obtain

M(g)
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Finally combining with existing constraints, we obtain

M(g)
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Finally combining with existing constraints, we obtain

M(g)
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Conclusion

Extended dark matter objects are a popular DM candidate, we study uniform sphere,
baoson stars and NFW subhalos.

Similar to PBHSs, they can accrete matter, impacting the visibility of the CMB

We calculated the total impact on ionisation, especially at z=50, allowing for fraction of dark
matter

We find strong constraints at high EDO masses, which get weaker the higher is the radius.
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Results

We made it this far! Let’s do a short recap of the greatest hits of the talk before wrapping up

We saw that EDOs, although invisible,

accrete matter around them and radiate away photons

o @ ©
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Results

We made it this far! Let's do a short recap of the greatest hits of the talk before wrapping up

The accreted matter had these
properties once accounted for:

-CMB cooling
-lonisation (collisional)

-Relativistic effects
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Results

We made it this far! Let's do a short recap of the greatest hits of the talk before wrapping up

The accreted matter had these
properties once accounted for:

-CMB cooling
-lonisation (collisional) Different mass profiles:
-Relativistic effects 107 — Uniform sphere — Uniform sphere
— — Mini — halo | 107 |- ~_ — Mini — halo
107 F N — Boson star . ” [ — Boson star
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Results

We made it this far! Let's do a short recap of the greatest hits of the talk before wrapping up

The interactions of electrons and protons emit radiation via bremsstrahlung,
which is forms a total luminosity

1x10°L Uniform sphere === R=30Rg
* — Mini —halo ~ =---- R = 50Rs
5x1071°F — Boson star —— R = 100 Rg _
— NFW profile

Moreover, we can rescale the uniform

sphere into any other mass function! B
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Redshift(z)
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Results

We made it this far! Let's do a short recap of the greatest hits of the talk before wrapping up

From this luminosity, depending on the dark matter fraction, we obtain a different effect on
recombination history

- - 0001 ——— . — .
—fou=1, M=10"My, R=2x10"m w10tk —fom=1, M=10*My, R=2x10"m ]
—fom=1, M =400M,, R=10"m — fom=1, M =400M,, R=10"m

0.100} — fom = 0.1, M =10* My, R =4.3x 10°m fom = 0.1, M =10° M., R =43 x 10°m |
1x10™
L 5x107°F
£ 0010F 3
1x1075 ¢
0.001} 5%10-5F
10_450 100 500 1000 tx 10_650 100 500 1000
Redshift (2) Redshift (2)

We will consider as constrained any set of EDOs with same mass that Az.(z = 50) < 10~
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