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Based on arXiv: 2506.20704

Planck!

Inferring smaller scales by looking at matter distribution in the late universe
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Based on arXiv: 2506.20704

Lyman o Forest

Inferring smaller scales by looking at matter distribution in the late universe

S. Bird, H. V. Peiris, M. Viel, L. Verde (1010.1519v2)
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Based on arXiv: 2506.20704

Lyman a and Planck

Inferring smaller scales by looking at matter distribution in the late universe
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y and n distortions

Primordial perturbations create injections of energy into the background that
lead to a departure of the perfect black body spectrum:
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o ' COBE (9605054)

U= Z.ZL.PR(IC)

Where we assume a locally scale-invariant power spectrum

PR(kR) for 1/3 < k/kR <3

0 otherwise

Pr(k) = {

J. Chluba, A. L. Erickcek, |. Ben-Dayan (1203.2681)
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y and n distortions

Primordial perturbations create injections of energy into the background that
lead to a departure of the perfect black body spectrum:
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Based on arXiv: 2506.20704

y and p distortions

Primordial perturbations create injections of energy into the background that
lead to a departure of the perfect black body spectrum:
COBE (9605054) J. Chluba, A. L. Erickcek, . Ben-Dayan (1203.2681)
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Based on arXiv: 2506.20704

y and p distortions

Primordial perturbations create injections of energy into the background that
lead to a departure of the perfect black body spectrum:
COBE (9605054) J. Chluba, A. L. Erickcek, . Ben-Dayan (1203.2681)
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Pulsar Timing Arrays
(PTAS)

Any stochastic background of gravitational waves can be constrained via h2Qaw

PR(kR) for 1/3 < k‘/k‘R <3
0 otherwise

2
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Pulsar Timing Arrays
(PTAS)

Any stochastic background of gravitational waves can be constrained via h2Qaw
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Based on arXiv: 2506.20704

Pulsar Timing Arrays
(PTAS)

Any stochastic background of gravitational waves can be constrained via h2Qaw
NANOGrav 15-year (2306.16219)

1 ([ k\?
QGW(kvn):ﬂ a,—H Ph(kan)

I \

1072} I N 1

1073 3 i 3

1074 3 \\ E
g 1075 h )

g 1 3

& i

107% 1

1071 ——y + pdistorsion I

——PTAs
1075 Planck 4+ Lyman-a 1
A
10~° : i e i . . n - .‘ . :
107* 1072 107! 1 10 102 10° 10* 10° 10° 107 10% 10°

kE(Mpc™)

Sergio Sevillano Mufhoz News from the dark



Based on arXiv: 2506.20704

Primordial Black Holes
(PBHSs)

Large enough overdensities can lead to the collapse of a region into a black hole!

0o 2
B(MH) — %% /56 exp <— 2(;2((}2)> d5(R) Fraction of black holes
5= (- P)/p
o2(R) = ;—ﬁ /0 (R W2 (ER)PR ()T (kR/V3) d_kk

We can therefore constrain the power spectrum using limits on PBHSs!

Carr, Kohri, Sndouda and Yokoyama (2002.12778)
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Based on arXiv: 2506.20704

Primordial Black Holes
(PBHSs)

Large enough overdensities can lead to the collapse of a region into a black hole!
Carr, Kohri, Sndouda and Yokoyama (2002.12778)
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Based on arXiv: 2506.20704

Primordial Black Holes
(PBHSs)

Large enough overdensities can lead to the collapse of a region into a black hole!
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Based on arXiv: 2506.20704

Primordial Black Holes
(PBHSs)

Large enough overdensities can lead to the collapse of a region into a black hole!

BlM) = \/grf(am /;O =5 (‘ 2(222‘(2)) do(R)

. What if we allow for
f smaller overden5|t|es?
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Based on arXiv: 2506.20704
Ultra-compact minihaloes
(UCMHS)

That was the idea from this paper, assuming SM-DM interactions

Improved constraints on the primordial power spectrum at small scales from
ultracompact minihalos

Torsten Bringmann*
1I. Institute for Theoretical Physics, University of Hamburg,
Luruper Chausse 149, DE-22761 Hamburg, Germany

Pat Scottf
Department of Physics, McGill University, 3600 rue University, Montréal, QC, H3A 2T8, Canada

Yashar Akramit
The Oskar Klein Centre for Cosmoparticle Physics,
Department of Physics, Stockholm University,
AlbaNova, SE-106 91 Stockholm, Sweden

Can we do this only using gravitational interactions?
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Based on arXiv: 2506.20704

. . EDObounds:
Ultra-compact minihaloes Choose
(UCMHS) -Shape of the object
-Radius

-Bounds to plot
-Mass distributions!!

There has been recent interest on constraining these type of objects: arxivi2407.02573
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Based on arXiv: 2506.20704
EDObounds:

Ultra-compact minihaloes arXiv:2407.02573

(UCMHS)

There has been recent interest on constraining these type of objects:
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Based on arXiv: 2506.20704

Ultra-compact minihaloes
(UCMHS)

There has been recent interest on constraining these type of objects:
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Based on arXiv: 2506.20704

. . EDObounds:
Ultra-compact minihaloes arXiv:2407.02573

(UCMHS)

There has been recent interest on constraining these type of objects:
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Based on arXiv: 2506.20704

. . EDObounds:
Ultra-compact minihaloes arXiv:2407.02573

(UCMHS)

There has been recent interest on constraining these type of objects:
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Based on arXiv: 2506.20704
Ultra-compact minihaloes
(UCMHS)

First, we need to know the object mass, radius and density for a given scale k~1/R:
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Different density functions have been used, but this is the most conservative
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Based on arXiv: 2506.20704 Ultra - COmpaCt minihaloes

(UCMHS) R(z) 1000 \ [ M(z)\"?
— =0.019
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Only specific objects that have the mass-radius relation can be used to constrain the power spectrum
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Based on arXiv: 2506.20704 Ultra - COmpaCt minihaloes
(UCMHS) R _ g oo ( 1000 > (M(zc)>1/3
pc

Zc+1 M@

(90
(1+ z) Ryowu [Rol

10° 107 10 10° 10*° 10M 102
1 T T T 7 T 7 LY = ™ T B =k
- : : o B A2 : . . lcarus B ,,,.,»—‘n_\X/BE
Microlensing
_ Ica
107 S carus’ L7 A\ N N o
fDM _%
102 SR - A
NLicrolellsillg z. = 3000
= : :
1073 .........................
2
1074E e
Ryo
) 107'Re—10°Rg : : : : Radius[Rs] .\ /
1072 —101R@ —107R@ R SR B : “\\' Ze = 1200 ‘ 'y)_/,,\/—r—r*"’lo
—10°R, —10°R, | : ' : \ s
1076 I T T T T T | L | L L 1 L \\ ),,,,.J/"’\"/M‘y/ 0 C M B
107° 10°° 1073 1 10 106 10° L 7 Mass|Mg)
0" =10
M[Mo)]

Sergio Sevillano Munoz News from the dark



Based on arXiv: 2506.20704 Ultra - COmpaCt minihaloes
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Based on arXiv: 2506.20704
Ultra-compact minihaloes
(UCMHS)

We know the properties of the formed objects, but not how many are created

Similar to primordial black holes

506) 1 /55?*"‘ % s
\/271'0'X,H(k;) §min (k) 20->2(,H(k) X

o2 y(k) = 1 /O ” dza* Wiy (z)Pr(zk)T2(0 = 2/V/3)

Qucomu (k) = QompB(k) 9

Integrating for smaller overdensities
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Based on arXiv: 2506.20704
Ultra-compact minihaloes
(UCMHS)

Depending on the scale, different number of objects will be created

Quomn(k) = QompB(k)
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Based on arXiv: 2506.20704
Ultra-compact minihaloes
(UCMHS)

We can now translate these bounds (in red) to power spectrum using QUCMH(IC) = QDM,B(k)
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Based on arXiv: 2506.20704
Ultra-compact minihaloes
(UCMHS)

Different collapse times lead to different constraints
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\We will take the conservative choice Z > 1200
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Based on arXiv: 2506.20704
Ultra-compact minihaloes
(UCMHS)

We can now translate these bounds to power spectrum using  Quommu (k) = QomB(k)
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Based on arXiv: 2506.20704
Ultra-compact minihaloes
(UCMHS)

We can now translate these bounds to power spectrum using  Qucmu (k) = QomB(k)
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Based on arXiv: 2506.20704

PBHs vs UCMH
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No PBHs with mass > 100 M,

Soon no masses > 107! Mg
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Based on arXiv: 2506.20704

Conclusion

We can obtain improved constraints on the Power Spectrum using UCMHSs!

There is room for improvement :)
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Thank you for you
attention!
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Ultra-compact minihaloes 5
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Only specific objects that have the mass-radius relation can be used to constrain the power spectrum
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Ultra-compact minihaloes
(UCMHS)

Only specific objects that have the mass-radius relation can be used to constrain the power spectrum
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