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Motivations

PBH abundance is sensitive to the shape of the power spectrum around 
     its peak & might require a non-perturbative treatment. 

Non-Gaussianity can influence PBH abundance 

Impact of Quantum diffusion on the power spectrum around the peak 
scale ?

In this talk:  

Can we probe the PBH formation mechanism by focusing on larger scales, 
well away from the peak scale?  

- A universal feature present in PBH forming scenarios that we may 
utilize to test the underlying mechanism, independently on the details of 
non-linear PBH formation associated with the peak. 

*Biagetti et.al.,  arXiv:1804.07124, Ezquiaga & Garcia-Bellido, arXiv:1805.06731, Cruces et.al.,  arXiv:1807.09057,  
F. Kuhnel & K. Freese, arXiv: 1906.02744

*Germani, C. & Musco, I. arXiv:1805.04087

*Franciolini et.al., arXiv: 1801.09415., Atal, V. & Germani, C., arXiv:1811.07857
*De Luca, V. et.al., arXiv:1904.00970.



Super-horizon growth of scalar perturbations
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Super-horizon solutions, 
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Slow-roll violation, for super-horizon growth
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⌘ < �2 decaying pump field, to resurrect the decaying modes  
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*Liddle&Leach, arXiv: astro-ph/0010082



Systematic gradient expansion
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|↵k| � 1 for decaying pump field, as in PBH forming scenarios 
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Phase 1, slow-roll

Phase 2, non-slow-roll 

Growth can be characterized by
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*Leach et.al., arXiv: astro-ph/0101406

*OÖ and Tasinato, arXiv: 1912.01061



A universal feature: dip in the power spectrum
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H0: the scale that exit the horizon at ⌧0

A dip in the power spectrum is a universal feature:

OÖ and Tasinato, arXiv: 1912.01061*Tasinato, arXiv: 2012.02518, 
*OÖ et.al., arXiv: 1803.07626
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Consistency Conditions: S-Field Inflation
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Cons. Conditions: S-Field PBH forming scenario
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k/H0

<latexit sha1_base64="85GsL+JRbl413CWF5LfLhsXE1JI=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4GmbGoa27ohuXFewDpkPJpJk2NJMMSUYoQz/DjQtF3Po17vwbM20FFT0QOJxzL7nnRCmjSjvOh1VaW9/Y3CpvV3Z29/YPqodHXSUyiUkHCyZkP0KKMMpJR1PNSD+VBCURI71oel34vXsiFRX8Ts9SEiZozGlMMdJGCqbDfCATOKLpfFitOfZls+75dejYjtNwPbcgXsO/8KFrlAI1sEJ7WH0fjATOEsI1ZkipwHVSHeZIaooZmVcGmSIpwlM0JoGhHCVEhfni5Dk8M8oIxkKaxzVcqN83cpQoNUsiM5kgPVG/vUL8ywsyHTfDnPI004Tj5UdxxqAWsMhvokqCNZsZgrCk5laIJ0girE1LFVPCV1L4P+l6tlu3/Vu/1rpa1VEGJ+AUnAMXNEAL3IA26AAMBHgAT+DZ0taj9WK9LkdL1mrnGPyA9fYJsxSRjQ==</latexit>

kdip

*OÖ, Tasinato. G, arXiv: 2104.12792, 
*Atal, V., Germani C., arXiv: 1811.07857, 
*Passaglia et.al., arXiv: 1812.08243, 
*Q. Gao, arXiv: 2102.07369, *OÖ, Tasinato. G, arXiv: 21xx.xxxx, 



     distortions as a probe of PBH scenarios
Energy injection caused by Silk damping of the acoustic waves in the  

pre-recombination plasma heats photons and leads to spectral distortions.     

<latexit sha1_base64="PiAGOxhC53Ut43rgPY93V34bwEY=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4sSQq6rLoxmUF+4CmlMnkth06mcR5CCXkN9z4K25cKOJSV/6N0zYLbXvgXg7n3MvMPUHCqFSu+2MVlpZXVteK66WNza3tHXt3ryFjLQjUScxi0QqwBEY51BVVDFqJABwFDJrB8GbsNx9BSBrzezVKoBPhPqc9SrAyUtd2fc1DEIHABFL/QeNwUcu6qR/pExA469plt+JO4MwTLydllKPWtb/8MCY6Aq4Iw1K2PTdRnRQLRQmDrORrCQkmQ9yHtqEcRyA76eSyzDkySuj0YmGKK2ei/t1IcSTlKArMZITVQM56Y3GR19aqd9VJKU+0Ak6mD/U0c1TsjGNyQiqAKDYyBBNBzV8dMsAmJWXCLJkQvNmT50njtOJdVM7uzsvV6zyOIjpAh+gYeegSVdEtqqE6IugJvaA39G49W6/Wh/U5HS1Y+c4++gfr+xfsFaIf</latexit>| {z }
µ�era

<latexit sha1_base64="m3xanbzYlMD7zpZkCPzOHI71MdY="></latexit>

n(⌫) =
h
eh⌫/(kBT ) � 1

i�1
�!

h
eh⌫/(kBT )+µ̃ � 1

i�1

Initial conditions are set on super-horizon scales: 

<latexit sha1_base64="o+o7uSIGYZ4q6JaV5sri9NQw8rk="></latexit>

hµi ' 2.3

Z
d ln k PR(k)

h
e�2k2/k2

D

ii
f

<latexit sha1_base64="0WzYIYjHHEIiQgVIbo7J/yr3P40=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWMF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5up37rCZVmUjyYcYJBTAaCRYwSY6WmpoSj7pUrXtWbwV0mfk4qkKPeK391+5KmMQpDOdG643uJCTKiDKMcJ6VuqjEhdEQG2LFUkBh1kM2unbgnVum7kVS2hHFn6u+JjMRaj+PQdsbEDPWiNxX/8zqpia6DjIkkNSjofFGUctdId/q622cKqeFjSwhVzN7q0iFRhBobUMmG4C++vEyaZ1X/snp+f1Gp3eRxFOEIjuEUfLiCGtxBHRpA4RGe4RXeHOm8OO/Ox7y14OQzh/AHzucPtFCPOQ==</latexit>

scales

Damping scale!

<latexit sha1_base64="x1LEGRGgnkbPrQ33lWo6FxkyFi0="></latexit>

kD '
✓
1 + z

105

◆3/2

130Mpc�1

<latexit sha1_base64="GAuUMCHGnP1Y9rgMjn2VBDUMSrw=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZFXVZdONGqGAfMB1LJs20oUlmSDJCGQb8FTcuFHHrd7jzb8y0s9DWA4HDOfdyT04QM6q043xbpYXFpeWV8mplbX1jc8ve3mmpKJGYNHHEItkJkCKMCtLUVDPSiSVBPGCkHYyuc7/9SKSikbjX45j4HA0EDSlG2kg9e8+DXY70UPL0NsbZQ3rsZtDv2VWn5kwA54lbkCoo0OjZX91+hBNOhMYMKeW5Tqz9FElNMSNZpZsoEiM8QgPiGSoQJ8pPJ/EzeGiUPgwjaZ7QcKL+3kgRV2rMAzOZR1WzXi7+53mJDi/9lIo40UTg6aEwYVBHMO8C9qkkWLOxIQhLarJCPEQSYW0aq5gS3Nkvz5PWSc09r53enVXrV0UdZbAPDsARcMEFqIMb0ABNgEEKnsEreLOerBfr3fqYjpasYmcX/IH1+QN6EpUu</latexit>

[Mpc�1]

<latexit sha1_base64="uzDRxUJzeTVm56xMl9kmgobokm0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NXLJkd+/Y3RNCyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4O/WbT6gNT9SDHaUYStpXPOaMWic1O4ZLEvjdcsWv+jOQZRLkpAI56t3yV6eXsEyiskxQY9qBn9pwTLXlTOCk1MkMppQNaR/bjioq0YTj2bkTcuKUHokT7UpZMlN/T4ypNGYkI9cpqR2YRW8q/ue1Mxtfh2Ou0syiYvNFcSaITcj0d9LjGpkVI0co09zdStiAasqsS6jkQggWX14mj2fV4LJ6fn9Rqd3kcRThCI7hFAK4ghrcQR0awGAIz/AKb17qvXjv3se8teDlM4fwB97nD1oCju4=</latexit>⇠ 10
<latexit sha1_base64="KwVVl1MpHjaGUey8JWzg1MTq6KU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QriWbZtvYbLIkWaEs+x+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb6Z++4kqzaS4N5OY+hEeChYygo2VWp77kNayfrniVt0Z0DLxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMJpVuolmsaYjPGQdi0VOKLaT2fXZujEKgMUSmVLGDRTf0+kONJ6EgW2M8JmpBe9qfif101MeOWnTMSJoYLMF4UJR0ai6etowBQlhk8swUQxeysiI6wwMTagkg3BW3x5mbTOqt5F9fyuVqlf53EU4QiO4RQ8uIQ63EIDmkDgEZ7hFd4c6bw4787HvLXg5DOH8AfO5w/Xz46p</latexit>

104
<latexit sha1_base64="XtfSZdYuFTKUsriojyZ+mVNL6hI=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFvoLiWbZtvQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88mjTThLZIylPdibGhnEnassxy2lGaYhFz2o5Ht1O//US1Yal8sGNFI4EHkiWMYOukcNTLQy2Qong06VVrft2fAS2ToCA1KNDsVb/CfkoyQaUlHBvTDXxloxxrywink0qYGaowGeEB7ToqsaAmymc3T9CJU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TB7P6sFl/fz+ota4KeIowxEcwykEcAUNuIMmtICAgmd4hTcv8168d+9j3lryiplD+APv8wcTmJG4</latexit>

kpeak
<latexit sha1_base64="wljiZtVNenkHMAmLr5J3BRObMo0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMq6rLoxmUFawvToWTSTBuax5DcEcrQz3DjQhG3fo07/8a0nYW2HggczrmX3HPiVHALvv/tlVZW19Y3ypuVre2d3b3q/sGj1ZmhrEW10KYTE8sEV6wFHATrpIYRGQvWjke3U7/9xIzlWj3AOGWRJAPFE04JOCkc9fKukbjP00mvWvPr/gx4mQQFqaECzV71q9vXNJNMARXE2jDwU4hyYoBTwSaVbmZZSuiIDFjoqCKS2SifnTzBJ07p40Qb9xTgmfp7IyfS2rGM3aQkMLSL3lT8zwszSK6jnKs0A6bo/KMkExg0nuZ3UQ2jIMaOEGq4uxXTITGEgmup4koIFiMvk8ezenBZP7+/qDVuijrK6Agdo1MUoCvUQHeoiVqIIo2e0St688B78d69j/loySt2DtEfeJ8/UrORSg==</latexit>

kdip

*Chluba et.al., arXiv: 1202.0057. 

*Sunyaev, R. & Zeldovic, Y., Astrophys. Space Sci. 7 (1970) 
*Hu, W., Scott, D.,Silk, J., arXiv: astro-ph/ 9402045

<latexit sha1_base64="Z/Pe0Y/FyKSLzu667QiGUu3wUis=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KomKuiy6cVnBPqAJZTKdtEMnkzAzEUvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LknSDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbmd+95FKxWLxoKcJ9SM8EixkBGsjDeyaV7yRkSkWeeZFaY4Gdt1pOAXQMnFLUocSrYH95Q1jkkZUaMKxUn3XSbSfYakZ4TSveqmiCSYTPKJ9QwWOqPKzYm+OTowyRGEsTQmNCvX3RIYjpaZRYDojrMdq0ZuJ/3n9VIfXfsZEkmoqyHxRmHKkYzQLAg2ZpETzqSGYSGb+isgYS0y0iatqQnAXT14mnbOGe9k4v7+oN2/KOCpwBMdwCi5cQRPuoAVtIPAEz/AKb1ZuvVjv1se8dcUqZw7hD6zPH6xylNs=</latexit>µ



     distortions as a probe of PBH scenarios
is sensitive to primordial bispectrum:

<latexit sha1_base64="VoKK4ruVI20xT1r8HiOR5B/aJOg=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrsqMirosunFZoS/oDCWTpm1okhmSjFDGLvwVNy4UcetvuPNvTNtZaOuBCyfn3EvuPVHCmTae9+0sLa+srq0XNoqbW9s7u+7efkPHqSK0TmIeq1aENeVM0rphhtNWoigWEafNaHg78ZsPVGkWy5oZJTQUuC9ZjxFsrNRxDwOOZZ9TFIgU1VCgZq+OW/LK3hRokfg5KUGOasf9CroxSQWVhnCsddv3EhNmWBlGOB0Xg1TTBJMh7tO2pRILqsNsuv8YnVili3qxsiUNmqq/JzIstB6JyHYKbAZ63puI/3nt1PSuw4zJJDVUktlHvZQjE6NJGKjLFCWGjyzBRDG7KyIDrDAxNrKiDcGfP3mRNM7K/mX5/P6iVLnJ4yjAERzDKfhwBRW4gyrUgcAjPMMrvDlPzovz7nzMWpecfOYA/sD5/AG4A5VF</latexit>

hµT i

*Pajer, E., Zaldarriaga, M., arXiv: 1201.5375

Allow access to more squeezed configurations compared to <TTT> :

vs.

*Ganc, J., Komatsu, E., arXiv: 1204.4241

<latexit sha1_base64="Z/Pe0Y/FyKSLzu667QiGUu3wUis=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KomKuiy6cVnBPqAJZTKdtEMnkzAzEUvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LknSDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbmd+95FKxWLxoKcJ9SM8EixkBGsjDeyaV7yRkSkWeeZFaY4Gdt1pOAXQMnFLUocSrYH95Q1jkkZUaMKxUn3XSbSfYakZ4TSveqmiCSYTPKJ9QwWOqPKzYm+OTowyRGEsTQmNCvX3RIYjpaZRYDojrMdq0ZuJ/3n9VIfXfsZEkmoqyHxRmHKkYzQLAg2ZpETzqSGYSGb+isgYS0y0iatqQnAXT14mnbOGe9k4v7+oN2/KOCpwBMdwCi5cQRPuoAVtIPAEz/AKb1ZuvVjv1se8dcUqZw7hD6zPH6xylNs=</latexit>µ

*OÖ, Tasinato. G, arXiv: 2104.12792 

<latexit sha1_base64="oaMS3KGIvwu6KmbDhCH+sd905js="></latexit>

CµT
l ' 27.6

20⇡3

Z
d ln k+�l (k+) jl (k+�⇤)

Z
d ln q

⇥
k3+q

3BR (q, q, k+ ! 0)
⇤ h

e�2q2/k2
D(z)

ii
f

<latexit sha1_base64="A5W94XQFunbtWGvb8wXAoj/2o/M="></latexit>

kD (zf )

k+
<

q

k+
<

kD (zi)

k+
) 105 . q

k+
. 108

<latexit sha1_base64="48UewR/gfR1Wi6GcME3TDDeCeQ4=">AAACIXicbVDLSgMxFM3UV62vqks3wSIIQpmRql0W3bisYB/QGYZMeqcNzTyaZIQyzK+48VfcuFCkO/FnzLRdaOuBkMM555Lc48WcSWWaX0ZhbX1jc6u4XdrZ3ds/KB8etWWUCAotGvFIdD0igbMQWoopDt1YAAk8Dh1vdJf7nScQkkXho5rE4ARkEDKfUaK05Jbrti8ITcdZOnIvMmxLFsAYz0Xuaj3Lr9zTJgcpdQBbV6bplitm1ZwBrxJrQSpogaZbntr9iCYBhIpyImXPMmPlpEQoRjlkJTuREBM6IgPoaRqSAKSTzjbM8JlW+tiPhD6hwjP190RKAikngaeTAVFDuezl4n9eL1F+3UlZGCcKQjp/yE84VhHO68J9JoAqPtGEUMH0XzEdEt2O0qWWdAnW8sqrpH1Zta6rtYdapXG7qKOITtApOkcWukENdI+aqIUoekav6B19GC/Gm/FpTOfRgrGYOUZ/YHz/AD9DpCM=</latexit>

q

k+
' lq

lk+

. 1500

is sensitive to primordial bispectrum:
<latexit sha1_base64="6QLQWZ6Odpts5FRIgmZaW9L9lFw=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJFHVZdOOygn1AE8pkOmmHTiZhZiKU2IW/4saFIm79DXf+jdM0C209cOHMOfdy75wg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoJbZGYx7IbYEU5E7Slmea0m0iKo4DTTjC+mfmdByoVi8W9niTUj/BQsJARrI3Ut488jsWQUy9KUV4yf/btqlNzcqBl4hakCgWaffvLG8QkjajQhGOleq6TaD/DUjPC6bTipYommIzxkPYMFTiiys/y+6fo1CgDFMbSlNAoV39PZDhSahIFpjPCeqQWvZn4n9dLdXjlZ0wkqaaCzBeFKUc6RrMw0IBJSjSfGIKJZOZWREZYYqJNZBUTgrv45WXSPq+5F7X6Xb3auC7iKMMxnMAZuHAJDbiFJrSAwCM8wyu8WU/Wi/VufcxbS1Yxcwh/YH3+AL7WlfA=</latexit>

hµµi

<latexit sha1_base64="47qLBH7zJ+v8EjWefAiN/0/aHok="></latexit>

Cµµ
l,NG ' 2.65
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Z
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     distortions as a probe of PBH scenarios
<latexit sha1_base64="051SCOhyryJH/fXFb95x+OgTqgQ="></latexit>

CµT
l ' 2.7⇥ 10�17 2⇡

l(l + 1)
f (p)
NL b(pbh)(l)

<latexit sha1_base64="skRSWdjUlrZ+dfBUj9TPcJnqmZ0="></latexit>

b(pbh) ⌘
6l(l + 1)

ln
⇣

kD(zi)
kD(zf )

⌘
Z

d ln k �l (k) jl (k�⇤)W

✓
k

ks

◆Z
d ln q f̄ e↵

NL (q, q, k)
h
e�2q2/k2

D(z)
ii
f<latexit sha1_base64="ZeiA79APMqrdLjULjlDH1+nASxY="></latexit> | {z }

{kdip, ⌘c,�N}

<latexit sha1_base64="Skq6lmE8hHFr1jc3IFgwCoOp+5c="></latexit>

�(SW)
l (k) = jl(k�⇤)/3

<latexit sha1_base64="HbpVFo57NdTwHhRnZwA+4+w5FXc="></latexit>

�l(k) = ⇢(l) �(SW)
l (k)

� �� ��� ��� ���

-����
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����

�����

�����

� �� ��� ��� ���
-�

-�

�

�

�

Local bispec.

PBH scenario

<latexit sha1_base64="mtbeI9P6i5QZa1euuwzxnqEDqvA=">AAACHHicbZDLSsNAFIYnXmu9RV26GSxCC1ISK+pGKLpxWdFeoIlhMp00QycXZiZCCXkQN76KGxeKuHEh+DZO2iy09cDAx/+fw5nzuzGjQhrGt7awuLS8slpaK69vbG5t6zu7HRElHJM2jljEey4ShNGQtCWVjPRiTlDgMtJ1R1e5330gXNAovJPjmNgBGobUoxhJJTl6w3VSiwcwdv2symrwAlrcjxRZR9C9T6u5d9utZc4UVZtivWLUjUnBeTALqICiWo7+aQ0inAQklJghIfqmEUs7RVxSzEhWthJBYoRHaEj6CkMUEGGnk+MyeKiUAfQirl4o4UT9PZGiQIhx4KrOAElfzHq5+J/XT6R3bqc0jBNJQjxd5CUMygjmScEB5QRLNlaAMKfqrxD7iCMsVZ5lFYI5e/I8dI7r5mm9cXNSaV4WcZTAPjgAVWCCM9AE16AF2gCDR/AMXsGb9qS9aO/ax7R1QStm9sCf0r5+ACTen44=</latexit>

bpbh(l) = ⇢(l) b(SW)
(pbh) *Chluba et.al., arXiv:1610.08711. 

<latexit sha1_base64="Z/Pe0Y/FyKSLzu667QiGUu3wUis=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KomKuiy6cVnBPqAJZTKdtEMnkzAzEUvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LknSDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbmd+95FKxWLxoKcJ9SM8EixkBGsjDeyaV7yRkSkWeeZFaY4Gdt1pOAXQMnFLUocSrYH95Q1jkkZUaMKxUn3XSbSfYakZ4TSveqmiCSYTPKJ9QwWOqPKzYm+OTowyRGEsTQmNCvX3RIYjpaZRYDojrMdq0ZuJ/3n9VIfXfsZEkmoqyHxRmHKkYzQLAg2ZpETzqSGYSGb+isgYS0y0iatqQnAXT14mnbOGe9k4v7+oN2/KOCpwBMdwCi5cQRPuoAVtIPAEz/AKb1ZuvVjv1se8dcUqZw7hD6zPH6xylNs=</latexit>µ

*OÖ, Tasinato. G, arXiv: 2104.12792 



     distortions as a probe of PBH scenarios<latexit sha1_base64="Z/Pe0Y/FyKSLzu667QiGUu3wUis=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4KomKuiy6cVnBPqAJZTKdtEMnkzAzEUvIr7hxoYhbf8Sdf+M0zUJbD1w4nHPv3LknSDhT2nG+rZXVtfWNzcpWdXtnd2/fPqh1VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbmd+95FKxWLxoKcJ9SM8EixkBGsjDeyaV7yRkSkWeeZFaY4Gdt1pOAXQMnFLUocSrYH95Q1jkkZUaMKxUn3XSbSfYakZ4TSveqmiCSYTPKJ9QwWOqPKzYm+OTowyRGEsTQmNCvX3RIYjpaZRYDojrMdq0ZuJ/3n9VIfXfsZEkmoqyHxRmHKkYzQLAg2ZpETzqSGYSGb+isgYS0y0iatqQnAXT14mnbOGe9k4v7+oN2/KOCpwBMdwCi5cQRPuoAVtIPAEz/AKb1ZuvVjv1se8dcUqZw7hD6zPH6xylNs=</latexit>µ

Consistency conditions we found allow relations between             and
<latexit sha1_base64="VoKK4ruVI20xT1r8HiOR5B/aJOg=">AAAB/3icbVDLSgMxFL3js9bXqODGTbAIrsqMirosunFZoS/oDCWTpm1okhmSjFDGLvwVNy4UcetvuPNvTNtZaOuBCyfn3EvuPVHCmTae9+0sLa+srq0XNoqbW9s7u+7efkPHqSK0TmIeq1aENeVM0rphhtNWoigWEafNaHg78ZsPVGkWy5oZJTQUuC9ZjxFsrNRxDwOOZZ9TFIgU1VCgZq+OW/LK3hRokfg5KUGOasf9CroxSQWVhnCsddv3EhNmWBlGOB0Xg1TTBJMh7tO2pRILqsNsuv8YnVili3qxsiUNmqq/JzIstB6JyHYKbAZ63puI/3nt1PSuw4zJJDVUktlHvZQjE6NJGKjLFCWGjyzBRDG7KyIDrDAxNrKiDcGfP3mRNM7K/mX5/P6iVLnJ4yjAERzDKfhwBRW4gyrUgcAjPMMrvDlPzovz7nzMWpecfOYA/sD5/AG4A5VF</latexit>

hµT i
<latexit sha1_base64="6QLQWZ6Odpts5FRIgmZaW9L9lFw=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCqJFHVZdOOygn1AE8pkOmmHTiZhZiKU2IW/4saFIm79DXf+jdM0C209cOHMOfdy75wg4Uxpx/m2Siura+sb5c3K1vbO7p69f9BWcSoJbZGYx7IbYEU5E7Slmea0m0iKo4DTTjC+mfmdByoVi8W9niTUj/BQsJARrI3Ut488jsWQUy9KUV4yf/btqlNzcqBl4hakCgWaffvLG8QkjajQhGOleq6TaD/DUjPC6bTipYommIzxkPYMFTiiys/y+6fo1CgDFMbSlNAoV39PZDhSahIFpjPCeqQWvZn4n9dLdXjlZ0wkqaaCzBeFKUc6RrMw0IBJSjSfGIKJZOZWREZYYqJNZBUTgrv45WXSPq+5F7X6Xb3auC7iKMMxnMAZuHAJDbiFJrSAwCM8wyu8WU/Wi/VufcxbS1Yxcwh/YH3+AL7WlfA=</latexit>

hµµi
<latexit sha1_base64="ZIrWT96SOmXN/mGv9C8f6MtUoMk="></latexit>

Cµµ
l,NG ' 8.4⇥ 109

l(l + 1)

2⇡

36

25

⇣
CµT,sw

l

⌘2
<latexit sha1_base64="IeV6/bviutdCF7mOV/jzh/MfCrA="></latexit>

Cµµ
l,NG ' 6.1⇥ 10�24⌧ (0)NL

2⇡

l(l + 1)

⇣
bsw(pbh)

⌘2

���� ���� ���� ���� ����

�

���×���

���×���

���×���

���×���

���×���

���×���

� �� ��� ��� ���

���×���

���×���

���×���

���×���

���×���

���×���

<latexit sha1_base64="PiAGOxhC53Ut43rgPY93V34bwEY=">AAACGXicbVDLSsNAFJ3UV62vqEs3wSK4sSQq6rLoxmUF+4CmlMnkth06mcR5CCXkN9z4K25cKOJSV/6N0zYLbXvgXg7n3MvMPUHCqFSu+2MVlpZXVteK66WNza3tHXt3ryFjLQjUScxi0QqwBEY51BVVDFqJABwFDJrB8GbsNx9BSBrzezVKoBPhPqc9SrAyUtd2fc1DEIHABFL/QeNwUcu6qR/pExA469plt+JO4MwTLydllKPWtb/8MCY6Aq4Iw1K2PTdRnRQLRQmDrORrCQkmQ9yHtqEcRyA76eSyzDkySuj0YmGKK2ei/t1IcSTlKArMZITVQM56Y3GR19aqd9VJKU+0Ak6mD/U0c1TsjGNyQiqAKDYyBBNBzV8dMsAmJWXCLJkQvNmT50njtOJdVM7uzsvV6zyOIjpAh+gYeegSVdEtqqE6IugJvaA39G49W6/Wh/U5HS1Y+c4++gfr+xfsFaIf</latexit>| {z }
µ�era

<latexit sha1_base64="uzDRxUJzeTVm56xMl9kmgobokm0=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5U1DJoYxnBmEByhL3NXLJkd+/Y3RNCyI+wsVDE1t9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j94NEmmGTZYIhLdiqhBwRU2LLcCW6lGKiOBzWh4O/WbT6gNT9SDHaUYStpXPOaMWic1O4ZLEvjdcsWv+jOQZRLkpAI56t3yV6eXsEyiskxQY9qBn9pwTLXlTOCk1MkMppQNaR/bjioq0YTj2bkTcuKUHokT7UpZMlN/T4ypNGYkI9cpqR2YRW8q/ue1Mxtfh2Ou0syiYvNFcSaITcj0d9LjGpkVI0co09zdStiAasqsS6jkQggWX14mj2fV4LJ6fn9Rqd3kcRThCI7hFAK4ghrcQR0awGAIz/AKb17qvXjv3se8teDlM4fwB97nD1oCju4=</latexit>⇠ 10
<latexit sha1_base64="KwVVl1MpHjaGUey8JWzg1MTq6KU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QriWbZtvYbLIkWaEs+x+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb6Z++4kqzaS4N5OY+hEeChYygo2VWp77kNayfrniVt0Z0DLxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMJpVuolmsaYjPGQdi0VOKLaT2fXZujEKgMUSmVLGDRTf0+kONJ6EgW2M8JmpBe9qfif101MeOWnTMSJoYLMF4UJR0ai6etowBQlhk8swUQxeysiI6wwMTagkg3BW3x5mbTOqt5F9fyuVqlf53EU4QiO4RQ8uIQ63EIDmkDgEZ7hFd4c6bw4787HvLXg5DOH8AfO5w/Xz46p</latexit>

104
<latexit sha1_base64="XtfSZdYuFTKUsriojyZ+mVNL6hI=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY9FLx4rWFvoLiWbZtvQJBuSrFCW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmlldW19o7xZ2dre2d2r7h88mjTThLZIylPdibGhnEnassxy2lGaYhFz2o5Ht1O//US1Yal8sGNFI4EHkiWMYOukcNTLQy2Qong06VVrft2fAS2ToCA1KNDsVb/CfkoyQaUlHBvTDXxloxxrywink0qYGaowGeEB7ToqsaAmymc3T9CJU/ooSbUradFM/T2RY2HMWMSuU2A7NIveVPzP62Y2uY5yJlVmqSTzRUnGkU3RNADUZ5oSy8eOYKKZuxWRIdaYWBdTxYUQLL68TB7P6sFl/fz+ota4KeIowxEcwykEcAUNuIMmtICAgmd4hTcv8168d+9j3lryiplD+APv8wcTmJG4</latexit>

kpeak
<latexit sha1_base64="wljiZtVNenkHMAmLr5J3BRObMo0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMq6rLoxmUFawvToWTSTBuax5DcEcrQz3DjQhG3fo07/8a0nYW2HggczrmX3HPiVHALvv/tlVZW19Y3ypuVre2d3b3q/sGj1ZmhrEW10KYTE8sEV6wFHATrpIYRGQvWjke3U7/9xIzlWj3AOGWRJAPFE04JOCkc9fKukbjP00mvWvPr/gx4mQQFqaECzV71q9vXNJNMARXE2jDwU4hyYoBTwSaVbmZZSuiIDFjoqCKS2SifnTzBJ07p40Qb9xTgmfp7IyfS2rGM3aQkMLSL3lT8zwszSK6jnKs0A6bo/KMkExg0nuZ3UQ2jIMaOEGq4uxXTITGEgmup4koIFiMvk8ezenBZP7+/qDVuijrK6Agdo1MUoCvUQHeoiVqIIo2e0St688B78d69j/loySt2DtEfeJ8/UrORSg==</latexit>

kdip
<latexit sha1_base64="0WzYIYjHHEIiQgVIbo7J/yr3P40=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWMF+wFtKJvtpF272Q27G6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5up37rCZVmUjyYcYJBTAaCRYwSY6WmpoSj7pUrXtWbwV0mfk4qkKPeK391+5KmMQpDOdG643uJCTKiDKMcJ6VuqjEhdEQG2LFUkBh1kM2unbgnVum7kVS2hHFn6u+JjMRaj+PQdsbEDPWiNxX/8zqpia6DjIkkNSjofFGUctdId/q622cKqeFjSwhVzN7q0iFRhBobUMmG4C++vEyaZ1X/snp+f1Gp3eRxFOEIjuEUfLiCGtxBHRpA4RGe4RXeHOm8OO/Ox7y14OQzh/AHzucPtFCPOQ==</latexit>

scales

<latexit sha1_base64="GAuUMCHGnP1Y9rgMjn2VBDUMSrw=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEN5YZFXVZdONGqGAfMB1LJs20oUlmSDJCGQb8FTcuFHHrd7jzb8y0s9DWA4HDOfdyT04QM6q043xbpYXFpeWV8mplbX1jc8ve3mmpKJGYNHHEItkJkCKMCtLUVDPSiSVBPGCkHYyuc7/9SKSikbjX45j4HA0EDSlG2kg9e8+DXY70UPL0NsbZQ3rsZtDv2VWn5kwA54lbkCoo0OjZX91+hBNOhMYMKeW5Tqz9FElNMSNZpZsoEiM8QgPiGSoQJ8pPJ/EzeGiUPgwjaZ7QcKL+3kgRV2rMAzOZR1WzXi7+53mJDi/9lIo40UTg6aEwYVBHMO8C9qkkWLOxIQhLarJCPEQSYW0aq5gS3Nkvz5PWSc09r53enVXrV0UdZbAPDsARcMEFqIMb0ABNgEEKnsEreLOerBfr3fqYjpasYmcX/IH1+QN6EpUu</latexit>

[Mpc�1]



Detectibility of         and its implications 
<latexit sha1_base64="q0yYryVQrhUd9unEZrZ4jfrPLPY=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqhJAwFjBwlikvqQmqm5cp7XqOJHtIEVRP4CFX2FhACFWPoCNv8FNM0DLlSwdn3Pu9fXxY86Utu1vq7Syura+Ud6sbG3v7O5V9w86KkokoW0S8Uj2fFCUM0HbmmlOe7GkEPqcdv3J7UzvPlCpWCRaOo2pF8JIsIAR0IYaVGtuPiMjKYhp5nIQI06xGya45cr8MsXGZdftvPAycApQQ0U1B9UvdxiRJKRCEw5K9R071l4GUjNiBlbcRNEYyARGtG+ggJAqL8sXmeITwwxxEElzhMY5+7sjg1CpNPSNMwQ9VovajPxP6yc6uPYyJuJEU0HmDwUJxzrCs2TwkElKNE8NACKZ2RWTMUgg2uRXMSE4i19eBp2zunNZP7+/qDVuijjK6Agdo1PkoCvUQHeoidqIoEf0jF7Rm/VkvVjv1sfcWrKKnkP0p6zPH0Nmm70=</latexit>

hµT i

<latexit sha1_base64="G5fBe75wHumgp8puqnQ/wWwC3Ek="></latexit>

✓
S

N

◆2

=
lmaxX

l=2

(2l + 1)

⇣
CµT

l

⌘2

CTT
l Cµµ,N

l

Cumulative Signal to Noise ratio:

<latexit sha1_base64="fSB/x7Bra43diCU+a8a5cQCGIZ4="></latexit>✓
S

N

◆
' 0.35⇥ 10�3

���f (p)
NL b

(SW)
(pbh)

���
✓
10�8

µmin

◆

<latexit sha1_base64="j1bIwRJGo3Bp9qBRqPrav39AEE4="></latexit>���f (p)
NL b

(SW)
(pbh)

��� & 2892 PIXIE

<latexit sha1_base64="bwwHjPNRqTN5Q/WACZCuC6CfkXE="></latexit>���f (p)
NL b

(SW)
(pbh)

��� & 290 PRISM
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<latexit sha1_base64="+X1V5LnaiHNUTCbzMfVN674EtWE="></latexit>

Mpbh(kpeak) ' (1� 100)M� gr

✓
kpeak

106 � 105 Mpc�1

◆�2

Seeds of SMBH via accretion and mergers

<latexit sha1_base64="LkhPN8SVp/971yRIfr/rlXmlHaQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKgEEjBUsjEWiD6mJKse5aa06TrAdpCrqzMKvsDCAECtfwMbf4LYZoOVI9+ronHtl3xOknCntON/WwuLS8spqaa28vrG5tW3v7DZVkkkKDZrwRLYDooAzAQ3NNId2KoHEAYdWMLge+60HkIol4k4PU/Bj0hMsYpRoI3XtAy8TIchAEgq5d5+RcKaNunbFqToT4HniFqSCCtS79pcXJjSLQWjKiVId10m1nxOpGeUwKnuZgpTQAelBx1BBYlB+PjllhI+MEuIokaaExhP190ZOYqWGcWAmY6L7atYbi/95nUxHl37ORJppEHT6UJRxrBM8zgWHTALVfGgIoZKZv2LaJyYWbdIrmxDc2ZPnSfOk6p5XT2/PKrWrIo4S2keH6Bi56ALV0A2qowai6BE9o1f0Zj1ZL9a79TEdXbCKnT30B9bnD61dm4g=</latexit>| {z }
<latexit sha1_base64="Vpqaf71ik7zyTXdLXWz08pkwhb4=">AAACEHicbVC7TsMwFHV4lvIKMLJYVAiGqkoAAWMFC2OR6ENqoshxb1urdhJsB6mK+gks/AoLAwixMrLxN7htBmg5kqWjc+7V9TlhwpnSjvNtLSwuLa+sFtaK6xubW9v2zm5DxamkUKcxj2UrJAo4i6CumebQSiQQEXJohoPrsd98AKlYHN3pYQK+IL2IdRkl2kiBfTQIMk8KnAAZjLCnmIB77DqOV/bKOPc6LBkFdsmpOBPgeeLmpIRy1AL7y+vENBUQacqJUm3XSbSfEakZ5TAqeqmChNAB6UHb0IgIUH42CTTCh0bp4G4szYs0nqi/NzIilBqK0EwKovtq1huL/3ntVHcv/YxFSaohotND3ZRjHeNxOyaqBKr50BBCJTN/xbRPJKHadFg0JbizkedJ46TinldOb89K1au8jgLaRwfoGLnoAlXRDaqhOqLoET2jV/RmPVkv1rv1MR1dsPKdPfQH1ucPyTWbzQ==</latexit>

kpeak ' 100 kdip

*OÖ, Tasinato. G, arXiv: 2104.12792 

*Chluba et.al., arXiv:1610.08711. 



Conclusions & Outlook
Squeezed NG present around                    in PBH generating inflationary scenarios 
might lead to observable         :                                        (seeds of SMBH) 

<latexit sha1_base64="pPMAHsA+cQQs1ytKQGkEEpQ5Jug=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXWmZU1GXRjRuhgn1AZyiZTKYNTSZjkhHKMB/gxl9x40IRt36AO//GTDsLbT0QOJxzLjf3+DGjStv2tzU3v7C4tFxaKa+urW9sVra2W0okEpMmFkzIjo8UYTQiTU01I51YEsR9Rtr+8Cr32w9EKiqiOz2KicdRP6IhxUgbqVep3vRSV3IY+4MMuopycg+dI8e23cPcEYHQmUnZNXsMOEucglRBgUav8uUGAiecRBozpFTXsWPtpUhqihnJym6iSIzwEPVJ19AIcaK8dHxMBveNEsBQSPMiDcfq74kUcaVG3DdJjvRATXu5+J/XTXR44aU0ihNNIjxZFCYMagHzZmBAJcGajQxBWFLzV4gHSCKsTX9lU4IzffIsaR3XnLPaye1ptX5Z1FECu2APHAAHnIM6uAYN0AQYPIJn8ArerCfrxXq3PibROauY2QF/YH3+AMlOmjI=</latexit>

Mpbh ' 1� 100M�

•         an independent observable induced on much larger scales than the peak (         ) 
associated with PBH production.  

<latexit sha1_base64="IKGX5reuAzgl5PslrONft5aYGKo=">AAACBnicbVDNS8MwHE3n15xfVY8iBIfgabQq6nHoxeME9wFrKWmWbmFpGpJUGKUnL/4rXjwo4tW/wZv/jenWg24+CLy89/uRvBcKRpV2nG+rsrS8srpWXa9tbG5t79i7ex2VpBKTNk5YInshUoRRTtqaakZ6QhIUh4x0w/FN4XcfiFQ04fd6IogfoyGnEcVIGymwD8dB5skYDqjIoccYLO+CoHFeC+y603CmgIvELUkdlGgF9pc3SHAaE64xQ0r1XUdoP0NSU8xIXvNSRQTCYzQkfUM5ionys2mMHB4bZQCjRJrDNZyqvzcyFCs1iUMzGSM9UvNeIf7n9VMdXfkZ5SLVhOPZQ1HKoE5g0YkJLwnWbGIIwpKav0I8QhJhbZorSnDnIy+SzmnDvWic3Z3Xm9dlHVVwAI7ACXDBJWiCW9ACbYDBI3gGr+DNerJerHfrYzZascqdffAH1ucPXSeYaw==</latexit>

kdip ⌧ kpeak

<latexit sha1_base64="7f5hEo4DnNxNy14wwgLx7ByvxFI=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68VjBfkAbyma7aZfsbuLuplBCf4cXD4p49cd489+4aXPQ1gcDj/dmmJkXJJxp47rfzsrq2vrGZmmrvL2zu7dfOThs6ThVhDZJzGPVCbCmnEnaNMxw2kkUxSLgtB1Ed7nfHlOlWSwfzSShvsBDyUJGsLGSH/WznhIooTialvuVqltzZ0DLxCtIFQo0+pWv3iAmqaDSEI617npuYvwMK8MIp9NyL9U0wSTCQ9q1VGJBtZ/Njp6iU6sMUBgrW9Kgmfp7IsNC64kIbKfAZqQXvVz8z+umJrzxMyaT1FBJ5ovClCMTozwBNGCKEsMnlmCimL0VkRFWmBibUx6Ct/jyMmmd17yr2sXDZbV+W8RRgmM4gTPw4BrqcA8NaAKBJ3iGV3hzxs6L8+58zFtXnGLmCP7A+fwBTHiRzA==</latexit>

kpeak

• It can be utilized to distinguish between astrophysical vs primordial origin of BH.

Outlook:

• Can be utilized as a tool for model comparison: e.g Single vs Multi-field 

<latexit sha1_base64="iQRM5n7lnqhRPdj60OPb8RQ0x38=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY/FXjxW6Bds15JNs21oslmSrFCW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvTDjTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5kqQltEcqm6IdaUs5i2DDOcdhNFsQg57YTj+szvPFGlmYybZpLQQOBhzCJGsLGSX3/MeiJFzWmf98sVt+rOgVaJl5MK5Gj0y1+9gSSpoLEhHGvte25iggwrwwin01Iv1TTBZIyH1Lc0xoLqIJufPEVnVhmgSCpbsUFz9fdEhoXWExHaToHNSC97M/E/z09NdBtkLE5SQ2OyWBSlHBmJZv+jAVOUGD6xBBPF7K2IjLDCxNiUSjYEb/nlVdK+qHrX1cuHq0rtLo+jCCdwCufgwQ3U4B4a0AICEp7hFd4c47w4787HorXg5DPH8AfO5w/p7JEG</latexit>

CµT
l

• Bispectrum also has support for equilateral configurations. Corresponding 
predictions on          should be carried.             

<latexit sha1_base64="iQRM5n7lnqhRPdj60OPb8RQ0x38=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY/FXjxW6Bds15JNs21oslmSrFCW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvTDjTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5kqQltEcqm6IdaUs5i2DDOcdhNFsQg57YTj+szvPFGlmYybZpLQQOBhzCJGsLGSX3/MeiJFzWmf98sVt+rOgVaJl5MK5Gj0y1+9gSSpoLEhHGvte25iggwrwwin01Iv1TTBZIyH1Lc0xoLqIJufPEVnVhmgSCpbsUFz9fdEhoXWExHaToHNSC97M/E/z09NdBtkLE5SQ2OyWBSlHBmJZv+jAVOUGD6xBBPF7K2IjLDCxNiUSjYEb/nlVdK+qHrX1cuHq0rtLo+jCCdwCufgwQ3U4B4a0AICEp7hFd4c47w4787HorXg5DPH8AfO5w/p7JEG</latexit>

CµT
l

• Expected          for scenarios that can generate SGWB induced via enhanced scalar 
fluctuations, i.e at SKA scales.  

<latexit sha1_base64="iQRM5n7lnqhRPdj60OPb8RQ0x38=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9lVUY/FXjxW6Bds15JNs21oslmSrFCW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvTDjTxnW/ncLa+sbmVnG7tLO7t39QPjxqa5kqQltEcqm6IdaUs5i2DDOcdhNFsQg57YTj+szvPFGlmYybZpLQQOBhzCJGsLGSX3/MeiJFzWmf98sVt+rOgVaJl5MK5Gj0y1+9gSSpoLEhHGvte25iggwrwwin01Iv1TTBZIyH1Lc0xoLqIJufPEVnVhmgSCpbsUFz9fdEhoXWExHaToHNSC97M/E/z09NdBtkLE5SQ2OyWBSlHBmJZv+jAVOUGD6xBBPF7K2IjLDCxNiUSjYEb/nlVdK+qHrX1cuHq0rtLo+jCCdwCufgwQ3U4B4a0AICEp7hFd4c47w4787HorXg5DPH8AfO5w/p7JEG</latexit>

CµT
l

See e.g, *OÖ, arXiv: 2005.10280, Garcia-Bellido et.al. arXiv: 1610.03763 

<latexit sha1_base64="65rXiYPlEig5lDMnRscG5px8USM=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2VGRV0W3bis0Bd0hpJJb9vQJDMkGaEMBX/FjQtF3Pod7vwb03YW2nrgwsk595J7T5Rwpo3nfTuFldW19Y3iZmlre2d3z90/aOo4VRQaNOaxakdEA2cSGoYZDu1EARERh1Y0upv6rUdQmsWybsYJhIIMJOszSoyVuu5RwIkccMCBSHE9UPNH1y17FW8GvEz8nJRRjlrX/Qp6MU0FSEM50brje4kJM6IMoxwmpSDVkBA6IgPoWCqJAB1ms/Un+NQqPdyPlS1p8Ez9PZERofVYRLZTEDPUi95U/M/rpKZ/E2ZMJqkBSecf9VOOTYynWeAeU0ANH1tCqGJ2V0yHRBFqbGIlG4K/ePIyaZ5X/KvKxcNluXqbx1FEx+gEnSEfXaMqukc11EAUZegZvaI358l5cd6dj3lrwclnDtEfOJ8/XLeVGw==</latexit>

hµT i



European Structural and Investment Funds and the Czech Ministry of 
Education, Youth and Sports (Project CoGraDS-
CZ.02.1.01/0.0/0.0/15003/0000437)

Thank you !

 arXiv: 2104.12792, 1912.01061 
21xx.xxxx 

     



����� ����� ����� ����� �����

-��

-��

-�

�

�

Backup

<latexit sha1_base64="skRSWdjUlrZ+dfBUj9TPcJnqmZ0="></latexit>

b(pbh) ⌘
6l(l + 1)

ln
⇣

kD(zi)
kD(zf )

⌘
Z

d ln k �l (k) jl (k�⇤)W

✓
k

ks

◆Z
d ln q f̄ e↵

NL (q, q, k)
h
e�2q2/k2

D(z)
ii
f

<latexit sha1_base64="051SCOhyryJH/fXFb95x+OgTqgQ="></latexit>

CµT
l ' 2.7⇥ 10�17 2⇡

l(l + 1)
f (p)
NL b(pbh)(l)



Models without a dip
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• Particle production in a spectator axion-gauge field sector boosts the power 
spectrum at small scales. 

*OÖ, arXiv: 2005.10280 



A hybrid model with a pronounced dip
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Np = 55.6 N* = 24.2

k* = 1.7 × 1012 Mpc-1

�* = 10.54

�
kpeak = k* x2,�

c

kp = 0.05 Mpc-1

PBH limit

*OÖ & Lalak, Z., arXiv: 2008.07549 



PBHs from non-perturbative effects

*Multimode code: Price et.al. arXiv: 1410.0685

PBHs can be formed through the gravitational collapse 
of large fluctuations upon horizon re-entry during 
RDU. 

P⇣(k)
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<latexit sha1_base64="Wj8R8Ea/dJ8HBTmicqY0dBwKSxo=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuLEkIuhKCm7cCBXsBdJYJtNJO3QmCTMToYbUV3HjQhG3voc738bpZaGtPwx8/Occzpk/SDhT2nG+rYXFpeWV1cJacX1jc2vb3tmtqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbq23v99Fw6GUtKdBNQu6zEzfP/bZdcsrOWGge3CmUYKpq2/5qdWKSChppwrFSnusk2s+w1IxwmhdbqaIJJn3cpZ7BCAuq/Gx8fY6OjNNBYSzNizQau78nMiyUGojAdAqse2q2NjL/q3mpDi/8jEVJqmlEJovClCMdo1EUqMMkJZoPDGAimbkVkR6WmGgTWNGE4M5+eR7qp2XX8O1ZqXI5jaMAB3AIx+DCOVTgGqpQAwKP8Ayv8GY9WS/Wu/UxaV2wpjN78EfW5w/j15TV</latexit><latexit sha1_base64="Wj8R8Ea/dJ8HBTmicqY0dBwKSxo=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuLEkIuhKCm7cCBXsBdJYJtNJO3QmCTMToYbUV3HjQhG3voc738bpZaGtPwx8/Occzpk/SDhT2nG+rYXFpeWV1cJacX1jc2vb3tmtqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbq23v99Fw6GUtKdBNQu6zEzfP/bZdcsrOWGge3CmUYKpq2/5qdWKSChppwrFSnusk2s+w1IxwmhdbqaIJJn3cpZ7BCAuq/Gx8fY6OjNNBYSzNizQau78nMiyUGojAdAqse2q2NjL/q3mpDi/8jEVJqmlEJovClCMdo1EUqMMkJZoPDGAimbkVkR6WmGgTWNGE4M5+eR7qp2XX8O1ZqXI5jaMAB3AIx+DCOVTgGqpQAwKP8Ayv8GY9WS/Wu/UxaV2wpjN78EfW5w/j15TV</latexit><latexit sha1_base64="Wj8R8Ea/dJ8HBTmicqY0dBwKSxo=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuLEkIuhKCm7cCBXsBdJYJtNJO3QmCTMToYbUV3HjQhG3voc738bpZaGtPwx8/Occzpk/SDhT2nG+rYXFpeWV1cJacX1jc2vb3tmtqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbq23v99Fw6GUtKdBNQu6zEzfP/bZdcsrOWGge3CmUYKpq2/5qdWKSChppwrFSnusk2s+w1IxwmhdbqaIJJn3cpZ7BCAuq/Gx8fY6OjNNBYSzNizQau78nMiyUGojAdAqse2q2NjL/q3mpDi/8jEVJqmlEJovClCMdo1EUqMMkJZoPDGAimbkVkR6WmGgTWNGE4M5+eR7qp2XX8O1ZqXI5jaMAB3AIx+DCOVTgGqpQAwKP8Ayv8GY9WS/Wu/UxaV2wpjN78EfW5w/j15TV</latexit><latexit sha1_base64="Wj8R8Ea/dJ8HBTmicqY0dBwKSxo=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EiuLEkIuhKCm7cCBXsBdJYJtNJO3QmCTMToYbUV3HjQhG3voc738bpZaGtPwx8/Occzpk/SDhT2nG+rYXFpeWV1cJacX1jc2vb3tmtqziVhNZIzGPZDLCinEW0ppnmtJlIikXAaSPoX43qjQcqFYujOz1IqC9wN2IhI1gbq23v99Fw6GUtKdBNQu6zEzfP/bZdcsrOWGge3CmUYKpq2/5qdWKSChppwrFSnusk2s+w1IxwmhdbqaIJJn3cpZ7BCAuq/Gx8fY6OjNNBYSzNizQau78nMiyUGojAdAqse2q2NjL/q3mpDi/8jEVJqmlEJovClCMdo1EUqMMkJZoPDGAimbkVkR6WmGgTWNGE4M5+eR7qp2XX8O1ZqXI5jaMAB3AIx+DCOVTgGqpQAwKP8Ayv8GY9WS/Wu/UxaV2wpjN78EfW5w/j15TV</latexit>

k⇤ = 0.05 Mpc�1
<latexit sha1_base64="FjSTGU9eDiqQJbnFUB4Zex0Bn1w="></latexit>



PBHs in non-attractor scenarios

(aH)�1
<latexit sha1_base64="KgT4OYCZzc2BsupzrzjGUA7TfDc=">AAAB8HicbZDLSgMxFIbP1Futt6obwU2wCHVhmenGLgtuuqxgL9KOJZNm2tAkMyQZoQ59CjcuFHHr47gTfBjTy0Jbfwh8/Occcs4fxJxp47pfTmZtfWNzK7ud29nd2z/IHx41dZQoQhsk4pFqB1hTziRtGGY4bceKYhFw2gpG19N664EqzSJ5a8Yx9QUeSBYygo217oq4dnGfXnqTXr7gltyZ0Cp4CyhUTx6/warey392+xFJBJWGcKx1x3Nj46dYGUY4neS6iaYxJiM8oB2LEguq/XS28ASdW6ePwkjZJw2aub8nUiy0HovAdgpshnq5NjX/q3USE1b8lMk4MVSS+UdhwpGJ0PR61GeKEsPHFjBRzO6KyBArTIzNKGdD8JZPXoVmueRZvrFpVGCuLJzCGRTBgyuoQg3q0AACAp7gBV4d5Tw7b877vDXjLGaO4Y+cjx+yUpEi</latexit><latexit sha1_base64="TOyJvSS0wtRL75EviUUeGKs7ztw=">AAAB8HicbZDLSgMxFIbP1Ftbb1U3gptgEerCMuPGLotuuqxgL9KOJZOmbWiSGZKMUIeC7+DGhSJuXfoo7gQfxvSy0OoPgY//nEPO+YOIM21c99NJLS2vrK6lM9n1jc2t7dzObl2HsSK0RkIeqmaANeVM0pphhtNmpCgWAaeNYHgxqTduqdIslFdmFFFf4L5kPUawsdZ1AVeOb5ITb9zJ5d2iOxX6C94c8uX9u6/M/ft5tZP7aHdDEgsqDeFY65bnRsZPsDKMcDrOtmNNI0yGuE9bFiUWVPvJdOExOrJOF/VCZZ80aOr+nEiw0HokAtspsBnoxdrE/K/Wik2v5CdMRrGhksw+6sUcmRBNrkddpigxfGQBE8XsrogMsMLE2IyyNgRv8eS/UD8tepYvbRolmCkNB3AIBfDgDMpQgSrUgICAB3iCZ0c5j86L8zprTTnzmT34JeftG6++kp8=</latexit><latexit sha1_base64="TOyJvSS0wtRL75EviUUeGKs7ztw=">AAAB8HicbZDLSgMxFIbP1Ftbb1U3gptgEerCMuPGLotuuqxgL9KOJZOmbWiSGZKMUIeC7+DGhSJuXfoo7gQfxvSy0OoPgY//nEPO+YOIM21c99NJLS2vrK6lM9n1jc2t7dzObl2HsSK0RkIeqmaANeVM0pphhtNmpCgWAaeNYHgxqTduqdIslFdmFFFf4L5kPUawsdZ1AVeOb5ITb9zJ5d2iOxX6C94c8uX9u6/M/ft5tZP7aHdDEgsqDeFY65bnRsZPsDKMcDrOtmNNI0yGuE9bFiUWVPvJdOExOrJOF/VCZZ80aOr+nEiw0HokAtspsBnoxdrE/K/Wik2v5CdMRrGhksw+6sUcmRBNrkddpigxfGQBE8XsrogMsMLE2IyyNgRv8eS/UD8tepYvbRolmCkNB3AIBfDgDMpQgSrUgICAB3iCZ0c5j86L8zprTTnzmT34JeftG6++kp8=</latexit><latexit sha1_base64="LRYl7AZQfQmjO3O2E8IEIVFG5L0=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8Ei1IVlxo1dFtx0WcFepB1LJs20oUlmSDJCGfoUblwo4tbHcefbmGlnoa0/BD7+cw455w9izrRx3W+nsLG5tb1T3C3t7R8cHpWPTzo6ShShbRLxSPUCrClnkrYNM5z2YkWxCDjtBtPbrN59okqzSN6bWUx9gceShYxgY62HKm5ePqZX3nxYrrg1dyG0Dl4OFcjVGpa/BqOIJIJKQzjWuu+5sfFTrAwjnM5Lg0TTGJMpHtO+RYkF1X66WHiOLqwzQmGk7JMGLdzfEykWWs9EYDsFNhO9WsvM/2r9xIR1P2UyTgyVZPlRmHBkIpRdj0ZMUWL4zAImitldEZlghYmxGZVsCN7qyevQua55lu/cSqOex1GEMziHKnhwAw1oQgvaQEDAM7zCm6OcF+fd+Vi2Fpx85hT+yPn8AW1Mj3Q=</latexit>

comoving scales
<latexit sha1_base64="BSUujDs0UZO6TebyVIN0FFOgcMQ=">AAAB/nicbZC7SgNBFIbPxluMt9VgZTMYAlZh18aUARvLCOYCSQizk0kyZC7LzGwgLBELX8TGQhFbn8POzkdxcik08YeBj/+cwznzRzFnxgbBl5fZ2Nza3snu5vb2Dw6P/OOTulGJJrRGFFe6GWFDOZO0ZpnltBlrikXEaSMaXc/qjTHVhil5Zycx7Qg8kKzPCLbO6vqnaVsLRJRQYyYH94ZgTs206xeCUjAXWodwCYVKvvj4DQDVrv/Z7imSCCot4diYVhjEtpNibRnhdJprJ4bGmIzwgLYcSiyo6aTz86eo6Jwe6ivtnrRo7v6eSLEwZiIi1ymwHZrV2sz8r9ZKbL/cSZmME0slWSzqJxxZhWZZoB7TlFg+cYCJZu5WRIZYY2JdYjkXQrj65XWoX5ZCx7cujTIslIUzOIcLCOEKKnADVagBgRSe4AVevQfv2Xvz3hetGW85k4c/8j5+AIb3l/k=</latexit><latexit sha1_base64="UJYhumjC7DUp/aKWNOsltnMi8As=">AAAB/nicbZC7SgNBFIZnvcZ4iwYrm8EQsAq7NqYM2FhGMBdIQpidnCRD5rLMzAbCErHwRWwsFLH1CXwAO30An8AHcHIpNPGHgY//nMM584cRZ8b6/oe3srq2vrGZ2kpv7+zu7WcODqtGxZpChSqudD0kBjiTULHMcqhHGogIOdTCwcWkXhuCNkzJazuKoCVIT7Iuo8Q6q505SppaYKqEGjLZuzGUcDDjdibnF/yp8DIEc8iVsvm777evz3I7897sKBoLkJZyYkwj8CPbSoi2jHIYp5uxgYjQAelBw6EkAkwrmZ4/xnnndHBXafekxVP390RChDEjEbpOQWzfLNYm5n+1Rmy7xVbCZBRbkHS2qBtzbBWeZIE7TAO1fOSAUM3crZj2iSbUusTSLoRg8cvLUD0rBI6vXBpFNFMKHaMTdIoCdI5K6BKVUQVRlKB79IievFvvwXv2XmatK958Jov+yHv9AQEDmpM=</latexit><latexit sha1_base64="UJYhumjC7DUp/aKWNOsltnMi8As=">AAAB/nicbZC7SgNBFIZnvcZ4iwYrm8EQsAq7NqYM2FhGMBdIQpidnCRD5rLMzAbCErHwRWwsFLH1CXwAO30An8AHcHIpNPGHgY//nMM584cRZ8b6/oe3srq2vrGZ2kpv7+zu7WcODqtGxZpChSqudD0kBjiTULHMcqhHGogIOdTCwcWkXhuCNkzJazuKoCVIT7Iuo8Q6q505SppaYKqEGjLZuzGUcDDjdibnF/yp8DIEc8iVsvm777evz3I7897sKBoLkJZyYkwj8CPbSoi2jHIYp5uxgYjQAelBw6EkAkwrmZ4/xnnndHBXafekxVP390RChDEjEbpOQWzfLNYm5n+1Rmy7xVbCZBRbkHS2qBtzbBWeZIE7TAO1fOSAUM3crZj2iSbUusTSLoRg8cvLUD0rBI6vXBpFNFMKHaMTdIoCdI5K6BKVUQVRlKB79IievFvvwXv2XmatK958Jov+yHv9AQEDmpM=</latexit><latexit sha1_base64="gD0CmM2CWpPkIGcsRiPMY7zKi7Y=">AAAB/nicbZC7SgNBFIbPxluMt6hY2QwGwSrs2pgyYGMZwVwgWcLsZDYZMpdlZjYQloivYmOhiK3PYefbOEm20MQfBj7+cw7nzB8lnBnr+99eYWNza3unuFva2z84PCofn7SMSjWhTaK40p0IG8qZpE3LLKedRFMsIk7b0fh2Xm9PqDZMyQc7TWgo8FCymBFsndUvn2U9LRBRQk2YHD4agjk1s3654lf9hdA6BDlUIFejX/7qDRRJBZWWcGxMN/ATG2ZYW0Y4nZV6qaEJJmM8pF2HEgtqwmxx/gxdOmeAYqXdkxYt3N8TGRbGTEXkOgW2I7Nam5v/1bqpjWthxmSSWirJclGccmQVmmeBBkxTYvnUASaauVsRGWGNiXWJlVwIweqX16F1XQ0c3/uVei2PowjncAFXEMAN1OEOGtAEAhk8wyu8eU/ei/fufSxbC14+cwp/5H3+AAUylh0=</latexit>

time
<latexit sha1_base64="HD6XN+KHhWWZ0T+4Xu+OiGw5uZ4=">AAAB8XicbZC7SgNBFIbPeo3xFrW0GQyCVdi1MZ0BG8so5oLJEmYnJ8mQmdllZlYIS97CxkIRW1/Ayoew822cXApN/GHg4//PYc45USK4sb7/7a2srq1vbOa28ts7u3v7hYPDuolTzbDGYhHrZkQNCq6wZrkV2Ew0UhkJbETDq0neeEBteKzu7CjBUNK+4j3OqHXWfdbWklgucdwpFP2SPxVZhmAOxcvPj1twqnYKX+1uzFKJyjJBjWkFfmLDjGrLmcBxvp0aTCgb0j62HCoq0YTZdOIxOXVOl/Ri7Z6yZOr+7sioNGYkI1cpqR2YxWxi/pe1UtsrhxlXSWpRsdlHvVQQG5PJ+qTLNTIrRg4o09zNStiAasqsO1LeHSFYXHkZ6uelwPGNX6yUYaYcHMMJnEEAF1CBa6hCDRgoeIRnePGM9+S9em+z0hVv3nMEf+S9/wBcLJLZ</latexit><latexit sha1_base64="g/3adt2G48lMHDDY1JsMJWtl43M=">AAAB8XicbZC7SgNBFIZnvcZ4i1oKMhgEK9m1MZ0BG8sEzAWTEGYnJ8ngzOwyc1YIS0rfwMZCEVtfIJUPYecz+BJOLoUm/jDw8f/nMOecMJbCou9/eUvLK6tr65mN7ObW9s5ubm+/aqPEcKjwSEamHjILUmiooEAJ9dgAU6GEWnh3Nc5r92CsiPQNDmJoKdbTois4Q2fdpk2jKAoFw3Yu75/5E9FFCGaQv/wYlb8fjkaldu6z2Yl4okAjl8zaRuDH2EqZQcElDLPNxELM+B3rQcOhZgpsK51MPKQnzunQbmTc00gn7u+OlClrByp0lYph385nY/O/rJFgt9BKhY4TBM2nH3UTSTGi4/VpRxjgKAcOGDfCzUp5nxnG0R0p644QzK+8CNXzs8Bx2c8XC2SqDDkkx+SUBOSCFMk1KZEK4USTR/JMXjzrPXmv3tu0dMmb9RyQP/LefwBmJ5Ue</latexit><latexit sha1_base64="g/3adt2G48lMHDDY1JsMJWtl43M=">AAAB8XicbZC7SgNBFIZnvcZ4i1oKMhgEK9m1MZ0BG8sEzAWTEGYnJ8ngzOwyc1YIS0rfwMZCEVtfIJUPYecz+BJOLoUm/jDw8f/nMOecMJbCou9/eUvLK6tr65mN7ObW9s5ubm+/aqPEcKjwSEamHjILUmiooEAJ9dgAU6GEWnh3Nc5r92CsiPQNDmJoKdbTois4Q2fdpk2jKAoFw3Yu75/5E9FFCGaQv/wYlb8fjkaldu6z2Yl4okAjl8zaRuDH2EqZQcElDLPNxELM+B3rQcOhZgpsK51MPKQnzunQbmTc00gn7u+OlClrByp0lYph385nY/O/rJFgt9BKhY4TBM2nH3UTSTGi4/VpRxjgKAcOGDfCzUp5nxnG0R0p644QzK+8CNXzs8Bx2c8XC2SqDDkkx+SUBOSCFMk1KZEK4USTR/JMXjzrPXmv3tu0dMmb9RyQP/LefwBmJ5Ue</latexit><latexit sha1_base64="eQnKat9rzLPdu1bc+fdcXuI1vlU=">AAAB8XicbZBNSwMxEIZn/az1q+rRS7AInsquF3ssePFYwX5gu5Rsmm1Dk+ySzApl6b/w4kERr/4bb/4b03YP2vpC4OGdGTLzRqkUFn3/29vY3Nre2S3tlfcPDo+OKyenbZtkhvEWS2RiuhG1XArNWyhQ8m5qOFWR5J1ocjuvd564sSLRDzhNeajoSItYMIrOesz7RhEUis8Glapf8xci6xAUUIVCzUHlqz9MWKa4Riaptb3ATzHMqUHBJJ+V+5nlKWUTOuI9h5oqbsN8sfGMXDpnSOLEuKeRLNzfEzlV1k5V5DoVxbFdrc3N/2q9DON6mAudZsg1W34UZ5JgQubnk6EwnKGcOqDMCLcrYWNqKEMXUtmFEKyevA7t61rg+N6vNupFHCU4hwu4ggBuoAF30IQWMNDwDK/w5lnvxXv3PpatG14xcwZ/5H3+AJ2fkNI=</latexit>

reheating
<latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit><latexit sha1_base64="X1HGRgehWBQIr/M9dEp9vnXeU1w=">AAAB+HicbZBNS8NAEIYnftb60ahHL4tF8FSSIuix4MVjBfsBbSib7aRdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYXFh7emWFm3zAVXBvP+3Y2Nre2d3ZLe+X9g8Ojint80tZJphi2WCIS1Q2pRsEltgw3ArupQhqHAjvh5HZe7zyi0jyRD2aaYhDTkeQRZ9RYa+BW8r6KicIxWkOOZgO36tW8hcg6+AVUoVBz4H71hwnLYpSGCap1z/dSE+RUGc4Ezsr9TGNK2YSOsGdR0hh1kC8On5EL6wxJlCj7pCEL9/dETmOtp3FoO2Nqxnq1Njf/q/UyE90EOZdpZlCy5aIoE8QkZJ4CGXKFzIipBcoUt7cSNqaKMmOzKtsQ/NUvr0O7XvMt39erjasijhKcwTlcgg/X0IA7aEILGGTwDK/w5jw5L86787Fs3XCKmVP4I+fzB/l1kzs=</latexit>

today
<latexit sha1_base64="FlgfRpy8INxH3/5BZXoquYOIri8=">AAAB8nicbVDLSgMxFL3js9ZHqy7dBIvgqsyIoDsLblxWsA9oh5LJZNrQPIYkIwxDP8ONC0Xc+jXu/AT/wvSx0NYDgcM595J7TpRyZqzvf3lr6xubW9ulnfLu3v5BpXp41DYq04S2iOJKdyNsKGeStiyznHZTTbGIOO1E49up33mk2jAlH2ye0lDgoWQJI9g6qVf0tUBWxTifDKo1v+7PgFZJsCC1RuX7BgFAc1D97MeKZIJKSzg2phf4qQ0LrC0jnE7K/czQFJMxHtKeoxILasJidvIEnTklRonS7kmLZurvjQILY3IRuUmB7cgse1PxP6+X2eQ6LJhMM0slmX+UZNyFRNP8KGaaEstzRzDRzN2KyAhrTKxrqexKCJYjr5L2RT1w/N61cQlzlOAETuEcAriCBtxBE1pAQMETvMCrZ71n7817n4+ueYudY/gD7+MHmG+S4Q==</latexit><latexit sha1_base64="rnp3CMDbgNhTgJYMyzZ8cUHmMIA=">AAAB8nicbVDLSgMxFM3UVx0frbp0EyyCbsqMCLqzIILLCvYB06FkMpk2NI8hyQjD0M9w40IRt/6Bf+HOT/AvTB8LbT0QOJxzL7nnRCmj2njel1NaWV1b3yhvulvbO7uV6t5+W8tMYdLCkknVjZAmjArSMtQw0k0VQTxipBONrid+54EoTaW4N3lKQo4GgiYUI2OloOgpDo2MUT7uV2te3ZsCLhN/TmqNyvfVqftx0+xXP3uxxBknwmCGtA58LzVhgZShmJGx28s0SREeoQEJLBWIEx0W05PH8NgqMUyksk8YOFV/bxSIa53zyE5yZIZ60ZuI/3lBZpLLsKAizQwRePZRkjEbEk7yw5gqgg3LLUFYUXsrxEOkEDa2JdeW4C9GXibts7pv+Z1t4xzMUAaH4AicAB9cgAa4BU3QAhhI8AiewYtjnCfn1XmbjZac+c4B+APn/QcHxpP0</latexit><latexit sha1_base64="rnp3CMDbgNhTgJYMyzZ8cUHmMIA=">AAAB8nicbVDLSgMxFM3UVx0frbp0EyyCbsqMCLqzIILLCvYB06FkMpk2NI8hyQjD0M9w40IRt/6Bf+HOT/AvTB8LbT0QOJxzL7nnRCmj2njel1NaWV1b3yhvulvbO7uV6t5+W8tMYdLCkknVjZAmjArSMtQw0k0VQTxipBONrid+54EoTaW4N3lKQo4GgiYUI2OloOgpDo2MUT7uV2te3ZsCLhN/TmqNyvfVqftx0+xXP3uxxBknwmCGtA58LzVhgZShmJGx28s0SREeoQEJLBWIEx0W05PH8NgqMUyksk8YOFV/bxSIa53zyE5yZIZ60ZuI/3lBZpLLsKAizQwRePZRkjEbEk7yw5gqgg3LLUFYUXsrxEOkEDa2JdeW4C9GXibts7pv+Z1t4xzMUAaH4AicAB9cgAa4BU3QAhhI8AiewYtjnCfn1XmbjZac+c4B+APn/QcHxpP0</latexit><latexit sha1_base64="UtR0F7ZMPVg0RiVL0pKiKN9DGDo=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoMuCG5cV7APaoWQymTY0jyHJCMPQz3DjQhG3fo07/8a0nYW2HggczrmX3HOilDNjff/bq2xsbm3vVHdre/sHh0f145OuUZkmtEMUV7ofYUM5k7RjmeW0n2qKRcRpL5rezf3eE9WGKflo85SGAo8lSxjB1kmDYqgFsirG+WxUb/hNfwG0ToKSNKBEe1T/GsaKZIJKSzg2ZhD4qQ0LrC0jnM5qw8zQFJMpHtOBoxILasJicfIMXTglRonS7kmLFurvjQILY3IRuUmB7cSsenPxP2+Q2eQ2LJhMM0slWX6UZNyFRPP8KGaaEstzRzDRzN2KyARrTKxrqeZKCFYjr5PuVTNw/MFvtK7LOqpwBudwCQHcQAvuoQ0dIKDgGV7hzbPei/fufSxHK165cwp/4H3+AHIrkUo=</latexit>

k�1
CMB

<latexit sha1_base64="+JVNKUMBVIIzAbvIcfqC3I6/ZzQ=">AAAB+XicbZDLSsNAFIZP6q3WW9SFCxcOFsGNJRFBl8Vu3AgV7AXaGCbTaTt0Mgkzk0IJeRMXulDErW/izkfwLZxeFtr6w8DHf87hnPmDmDOlHefLyi0tr6yu5dcLG5tb2zv27l5dRYkktEYiHslmgBXlTNCaZprTZiwpDgNOG8GgMq43hlQqFol7PYqpF+KeYF1GsDaWb9sDP23LEFVur7OH9MzNfLvolJyJ0CK4MyiWD76PngCg6tuf7U5EkpAKTThWquU6sfZSLDUjnGaFdqJojMkA92jLoMAhVV46uTxDJ8bpoG4kzRMaTdzfEykOlRqFgekMse6r+drY/K/WSnT3ykuZiBNNBZku6iYc6QiNY0AdJinRfGQAE8nMrYj0scREm7AKJgR3/suLUD8vuYbvTBoXMFUeDuEYTsGFSyjDDVShBgSG8Agv8Gql1rP1Zr1PW3PWbGYf/sj6+AE2lZTb</latexit><latexit sha1_base64="EBTrd7UpbMm8IxL5l12DKvTpOUA=">AAAB+XicbZC7SgNBFIZn4y3G26qFhYWDQbAx7IqgZTCNjRDBXCBZl9nJbDJkZnaZmQ2EZd/ExkIR27yJnY9gZ23l5FJo4g8DH/85h3PmD2JGlXacDyu3tLyyupZfL2xsbm3v2Lt7dRUlEpMajlgkmwFShFFBappqRpqxJIgHjDSCfmVcbwyIVDQS93oYE4+jrqAhxUgby7ftvp+2JYeV2+vsIT1zM98uOiVnIrgI7gyK5YPPo9E3/6r69nu7E+GEE6ExQ0q1XCfWXoqkppiRrNBOFIkR7qMuaRkUiBPlpZPLM3hinA4MI2me0HDi/p5IEVdqyAPTyZHuqfna2Pyv1kp0eOWlVMSJJgJPF4UJgzqC4xhgh0qCNRsaQFhScyvEPSQR1iasggnBnf/yItTPS67hO5PGBZgqDw7BMTgFLrgEZXADqqAGMBiAR/AMXqzUerJerbdpa86azeyDP7JGP3COl0U=</latexit><latexit sha1_base64="EBTrd7UpbMm8IxL5l12DKvTpOUA=">AAAB+XicbZC7SgNBFIZn4y3G26qFhYWDQbAx7IqgZTCNjRDBXCBZl9nJbDJkZnaZmQ2EZd/ExkIR27yJnY9gZ23l5FJo4g8DH/85h3PmD2JGlXacDyu3tLyyupZfL2xsbm3v2Lt7dRUlEpMajlgkmwFShFFBappqRpqxJIgHjDSCfmVcbwyIVDQS93oYE4+jrqAhxUgby7ftvp+2JYeV2+vsIT1zM98uOiVnIrgI7gyK5YPPo9E3/6r69nu7E+GEE6ExQ0q1XCfWXoqkppiRrNBOFIkR7qMuaRkUiBPlpZPLM3hinA4MI2me0HDi/p5IEVdqyAPTyZHuqfna2Pyv1kp0eOWlVMSJJgJPF4UJgzqC4xhgh0qCNRsaQFhScyvEPSQR1iasggnBnf/yItTPS67hO5PGBZgqDw7BMTgFLrgEZXADqqAGMBiAR/AMXqzUerJerbdpa86azeyDP7JGP3COl0U=</latexit><latexit sha1_base64="2VoMiALk+tLW+4WqJfTnlqu1DcM=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8EiuLEkIuiy2I0boYK9QBvDZDpph04mYWZSKCFv4saFIm59E3e+jdM2C239YeDjP+dwzvxBwpnSjvNtldbWNza3ytuVnd29/QP78Kit4lQS2iIxj2U3wIpyJmhLM81pN5EURwGnnWDcmNU7EyoVi8WjnibUi/BQsJARrI3l2/bYz/oyQo372/wpu3Bz3646NWcutApuAVUo1PTtr/4gJmlEhSYcK9VznUR7GZaaEU7zSj9VNMFkjIe0Z1DgiCovm1+eozPjDFAYS/OERnP390SGI6WmUWA6I6xHark2M/+r9VId3ngZE0mqqSCLRWHKkY7RLAY0YJISzacGMJHM3IrICEtMtAmrYkJwl7+8Cu3Lmmv4wanWr4o4ynACp3AOLlxDHe6gCS0gMIFneIU3K7NerHfrY9FasoqZY/gj6/MHhIqS3A==</latexit>

superhorizon
<latexit sha1_base64="h/UzmtBmB3ByYHcCFqvDPcPN3n0=">AAAB+3icbZDLSgMxFIbP1Futl4516SZYBFdlRgTdWXDjsoK9QDuUTJppQzPJkGTEOsyruHGhiFtfxJ2P4FuYXhba+kPg4z/ncE7+MOFMG8/7cgpr6xubW8Xt0s7u3n7ZPai0tEwVoU0iuVSdEGvKmaBNwwynnURRHIectsPx9bTevqdKMynuzCShQYyHgkWMYGOtvlvJeipGOk2oGknFHqXI+27Vq3kzoVXwF1Ctl7+vEAA0+u5nbyBJGlNhCMdad30vMUGGlWGE07zUSzVNMBnjIe1aFDimOshmt+foxDoDFEllnzBo5v6eyHCs9SQObWeMzUgv16bmf7VuaqLLIGMiSQ0VZL4oSjkyEk2DQAOmKDF8YgETxeytiIywwsTYuEo2BH/5y6vQOqv5lm9tGucwVxGO4BhOwYcLqMMNNKAJBB7gCV7g1cmdZ+fNeZ+3FpzFzCH8kfPxA+sOlm8=</latexit><latexit sha1_base64="2Xjdzqq/ScBdlUaJZbIC25rzcIg=">AAAB+3icbZDLSgMxFIYzXut46ViXboJF0E2ZEUF3FkRwWcFeoB1KJs20obkMSUasw7yKGxeKuHXlW7jzEXwL08tCW38IfPznHM7JHyWMauP7X87S8srq2nphw93c2t4perulhpapwqSOJZOqFSFNGBWkbqhhpJUognjESDMaXo7rzTuiNJXi1owSEnLUFzSmGBlrdb1S1lEc6jQhaiAVfZAi73plv+JPBBchmEG5Wvy+OHY/rmpd77PTkzjlRBjMkNbtwE9MmCFlKGYkdzupJgnCQ9QnbYsCcaLDbHJ7Dg+t04OxVPYJAyfu74kMca1HPLKdHJmBnq+Nzf9q7dTE52FGRZIaIvB0UZwyaCQcBwF7VBFs2MgCworaWyEeIIWwsXG5NoRg/suL0DipBJZvbBqnYKoC2AcH4AgE4AxUwTWogTrA4B48gmfw4uTOk/PqvE1bl5zZzB74I+f9B1pll4I=</latexit><latexit sha1_base64="2Xjdzqq/ScBdlUaJZbIC25rzcIg=">AAAB+3icbZDLSgMxFIYzXut46ViXboJF0E2ZEUF3FkRwWcFeoB1KJs20obkMSUasw7yKGxeKuHXlW7jzEXwL08tCW38IfPznHM7JHyWMauP7X87S8srq2nphw93c2t4perulhpapwqSOJZOqFSFNGBWkbqhhpJUognjESDMaXo7rzTuiNJXi1owSEnLUFzSmGBlrdb1S1lEc6jQhaiAVfZAi73plv+JPBBchmEG5Wvy+OHY/rmpd77PTkzjlRBjMkNbtwE9MmCFlKGYkdzupJgnCQ9QnbYsCcaLDbHJ7Dg+t04OxVPYJAyfu74kMca1HPLKdHJmBnq+Nzf9q7dTE52FGRZIaIvB0UZwyaCQcBwF7VBFs2MgCworaWyEeIIWwsXG5NoRg/suL0DipBJZvbBqnYKoC2AcH4AgE4AxUwTWogTrA4B48gmfw4uTOk/PqvE1bl5zZzB74I+f9B1pll4I=</latexit><latexit sha1_base64="9yfRi31p7QiRdThtvwDlHxplX6M=">AAAB+3icbZDLSgMxFIbPeK31VuvSTbAIrsqMCLosuHFZwV6gHUomzbShuQxJRqzDvIobF4q49UXc+Tam7Sy09YfAx3/O4Zz8UcKZsb7/7a2tb2xubZd2yrt7+weHlaNq26hUE9oiiivdjbChnEnassxy2k00xSLitBNNbmb1zgPVhil5b6cJDQUeSRYzgq2zBpVq1tcCmTSheqw0e1IyH1Rqft2fC61CUEANCjUHla/+UJFUUGkJx8b0Aj+xYYa1ZYTTvNxPDU0wmeAR7TmUWFATZvPbc3TmnCGKlXZPWjR3f09kWBgzFZHrFNiOzXJtZv5X66U2vg4zJpPUUkkWi+KUI6vQLAg0ZJoSy6cOMNHM3YrIGGtMrIur7EIIlr+8Cu2LeuD4zq81Los4SnACp3AOAVxBA26hCS0g8AjP8ApvXu69eO/ex6J1zStmjuGPvM8fxMqU2A==</latexit>

M(k) = �
4⇡

3
⇢H

�3

����
k=afHf

= 1018gr

✓
k

5.5⇥ 1013 Mpc�1

◆�2

<latexit sha1_base64="LFY7zJJkDu2ojK+QV7+fyUV/xV4="></latexit><latexit sha1_base64="LFY7zJJkDu2ojK+QV7+fyUV/xV4="></latexit><latexit sha1_base64="LFY7zJJkDu2ojK+QV7+fyUV/xV4="></latexit><latexit sha1_base64="LFY7zJJkDu2ojK+QV7+fyUV/xV4="></latexit>

af
<latexit sha1_base64="ts7V9gv446BK5WLF5EK/odfwkD8=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC1lNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0V1tY3NreK26Wd3b39g/LhUdPEqaasQWMR63aIhgmuWMNyK1g70QxlKFgrHN/O6q0npg2P1YOdJKwncah4xClaZz1iP+tqSaJpv1zxq/5cZBWCHCqQq94vf3UHMU0lU5YKNKYT+IntZagtp4JNS93UsATpGIes41ChZKaXzReekjPnDEgUa/eUJXP390SG0piJDF2nRDsyy7WZ+V+tk9roupdxlaSWKbr4KEoFsTGZXU8GXDNqxcQBUs3droSOUCO1LqOSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aAAFCc/wCm+e9l68d+9j0Vrw8plj+CPv8weoQZBJ</latexit><latexit sha1_base64="ts7V9gv446BK5WLF5EK/odfwkD8=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC1lNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0V1tY3NreK26Wd3b39g/LhUdPEqaasQWMR63aIhgmuWMNyK1g70QxlKFgrHN/O6q0npg2P1YOdJKwncah4xClaZz1iP+tqSaJpv1zxq/5cZBWCHCqQq94vf3UHMU0lU5YKNKYT+IntZagtp4JNS93UsATpGIes41ChZKaXzReekjPnDEgUa/eUJXP390SG0piJDF2nRDsyy7WZ+V+tk9roupdxlaSWKbr4KEoFsTGZXU8GXDNqxcQBUs3droSOUCO1LqOSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aAAFCc/wCm+e9l68d+9j0Vrw8plj+CPv8weoQZBJ</latexit><latexit sha1_base64="ts7V9gv446BK5WLF5EK/odfwkD8=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC1lNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0V1tY3NreK26Wd3b39g/LhUdPEqaasQWMR63aIhgmuWMNyK1g70QxlKFgrHN/O6q0npg2P1YOdJKwncah4xClaZz1iP+tqSaJpv1zxq/5cZBWCHCqQq94vf3UHMU0lU5YKNKYT+IntZagtp4JNS93UsATpGIes41ChZKaXzReekjPnDEgUa/eUJXP390SG0piJDF2nRDsyy7WZ+V+tk9roupdxlaSWKbr4KEoFsTGZXU8GXDNqxcQBUs3droSOUCO1LqOSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aAAFCc/wCm+e9l68d+9j0Vrw8plj+CPv8weoQZBJ</latexit><latexit sha1_base64="ts7V9gv446BK5WLF5EK/odfwkD8=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC1lNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0V1tY3NreK26Wd3b39g/LhUdPEqaasQWMR63aIhgmuWMNyK1g70QxlKFgrHN/O6q0npg2P1YOdJKwncah4xClaZz1iP+tqSaJpv1zxq/5cZBWCHCqQq94vf3UHMU0lU5YKNKYT+IntZagtp4JNS93UsATpGIes41ChZKaXzReekjPnDEgUa/eUJXP390SG0piJDF2nRDsyy7WZ+V+tk9roupdxlaSWKbr4KEoFsTGZXU8GXDNqxcQBUs3droSOUCO1LqOSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aAAFCc/wCm+e9l68d+9j0Vrw8plj+CPv8weoQZBJ</latexit>

k�1
<latexit sha1_base64="bHBEDJ88v5phqDd9FZYmr8Ks7UI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBLssuHFZwV6gjWUyOW2HTiZhZiKEEF/FjQtF3Pog7nwbp2kW2npg4OP/z5kz8/sxZ0o7zre1tr6xubVd2anu7u0fHNpHx10VJZJCh0Y8kn2fKOBMQEczzaEfSyChz6Hnz27mfu8RpGKRuNdpDF5IJoKNGSXaSCO7NizuyCQEeTZ7yC7cPB/ZdafhFIVXwS2hjspqj+yvYRDRJAShKSdKDVwn1l5GpGaUQ14dJgpiQmdkAgODgoSgvKxYnOMzowR4HElzhMaF+nsiI6FSaeibzpDoqVr25uJ/3iDR46aXMREnGgRdLBonHOsIz5PAAZNANU8NECqZeSumUyIJ1SavqgnBXf7yKnQvG67hu6t6q1nGUUEn6BSdIxddoxa6RW3UQRSl6Bm9ojfryXqx3q2PReuaVc7U0J+yPn8ATXOVJA==</latexit><latexit sha1_base64="bHBEDJ88v5phqDd9FZYmr8Ks7UI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBLssuHFZwV6gjWUyOW2HTiZhZiKEEF/FjQtF3Pog7nwbp2kW2npg4OP/z5kz8/sxZ0o7zre1tr6xubVd2anu7u0fHNpHx10VJZJCh0Y8kn2fKOBMQEczzaEfSyChz6Hnz27mfu8RpGKRuNdpDF5IJoKNGSXaSCO7NizuyCQEeTZ7yC7cPB/ZdafhFIVXwS2hjspqj+yvYRDRJAShKSdKDVwn1l5GpGaUQ14dJgpiQmdkAgODgoSgvKxYnOMzowR4HElzhMaF+nsiI6FSaeibzpDoqVr25uJ/3iDR46aXMREnGgRdLBonHOsIz5PAAZNANU8NECqZeSumUyIJ1SavqgnBXf7yKnQvG67hu6t6q1nGUUEn6BSdIxddoxa6RW3UQRSl6Bm9ojfryXqx3q2PReuaVc7U0J+yPn8ATXOVJA==</latexit><latexit sha1_base64="bHBEDJ88v5phqDd9FZYmr8Ks7UI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBLssuHFZwV6gjWUyOW2HTiZhZiKEEF/FjQtF3Pog7nwbp2kW2npg4OP/z5kz8/sxZ0o7zre1tr6xubVd2anu7u0fHNpHx10VJZJCh0Y8kn2fKOBMQEczzaEfSyChz6Hnz27mfu8RpGKRuNdpDF5IJoKNGSXaSCO7NizuyCQEeTZ7yC7cPB/ZdafhFIVXwS2hjspqj+yvYRDRJAShKSdKDVwn1l5GpGaUQ14dJgpiQmdkAgODgoSgvKxYnOMzowR4HElzhMaF+nsiI6FSaeibzpDoqVr25uJ/3iDR46aXMREnGgRdLBonHOsIz5PAAZNANU8NECqZeSumUyIJ1SavqgnBXf7yKnQvG67hu6t6q1nGUUEn6BSdIxddoxa6RW3UQRSl6Bm9ojfryXqx3q2PReuaVc7U0J+yPn8ATXOVJA==</latexit><latexit sha1_base64="bHBEDJ88v5phqDd9FZYmr8Ks7UI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEN5ZEBLssuHFZwV6gjWUyOW2HTiZhZiKEEF/FjQtF3Pog7nwbp2kW2npg4OP/z5kz8/sxZ0o7zre1tr6xubVd2anu7u0fHNpHx10VJZJCh0Y8kn2fKOBMQEczzaEfSyChz6Hnz27mfu8RpGKRuNdpDF5IJoKNGSXaSCO7NizuyCQEeTZ7yC7cPB/ZdafhFIVXwS2hjspqj+yvYRDRJAShKSdKDVwn1l5GpGaUQ14dJgpiQmdkAgODgoSgvKxYnOMzowR4HElzhMaF+nsiI6FSaeibzpDoqVr25uJ/3iDR46aXMREnGgRdLBonHOsIz5PAAZNANU8NECqZeSumUyIJ1SavqgnBXf7yKnQvG67hu6t6q1nGUUEn6BSdIxddoxa6RW3UQRSl6Bm9ojfryXqx3q2PReuaVc7U0J+yPn8ATXOVJA==</latexit>

⇣kCMB ' constant
<latexit sha1_base64="HV97Y0s34zTODXfhC8dagAdwnuM=">AAACC3icbZA9SwNBEIb3/IzxK2ppsyQIVuFOBC2DaWwEBaOBXDj2NpO4ZHfv3J0T4pHexr9iY6GIrX/Azn/jJqbQxBcWHt6ZYXbeOJXCou9/eXPzC4tLy4WV4ura+sZmaWv7yiaZ4dDgiUxMM2YWpNDQQIESmqkBpmIJ13G/Pqpf34GxItGXOEihrVhPi67gDJ0VlcrhPSCL8n6Uh0bR+tnJcBhaoeCW8kRbZBqjUsWv+mPRWQgmUCETnUelz7CT8EyBRi6Zta3AT7GdM4OCSxgWw8xCynif9aDlUDMFtp2PbxnSPed0aDcx7mmkY/f3RM6UtQMVu07F8MZO10bmf7VWht3jdi50miFo/rOom0mKCR0FQzvCAEc5cMC4Ee6vlN8wwzi6+IouhGD65Fm4OqgGji8OK7XDSRwFskvKZJ8E5IjUyCk5Jw3CyQN5Ii/k1Xv0nr037/2ndc6bzOyQP/I+vgGGrptM</latexit><latexit sha1_base64="HV97Y0s34zTODXfhC8dagAdwnuM=">AAACC3icbZA9SwNBEIb3/IzxK2ppsyQIVuFOBC2DaWwEBaOBXDj2NpO4ZHfv3J0T4pHexr9iY6GIrX/Azn/jJqbQxBcWHt6ZYXbeOJXCou9/eXPzC4tLy4WV4ura+sZmaWv7yiaZ4dDgiUxMM2YWpNDQQIESmqkBpmIJ13G/Pqpf34GxItGXOEihrVhPi67gDJ0VlcrhPSCL8n6Uh0bR+tnJcBhaoeCW8kRbZBqjUsWv+mPRWQgmUCETnUelz7CT8EyBRi6Zta3AT7GdM4OCSxgWw8xCynif9aDlUDMFtp2PbxnSPed0aDcx7mmkY/f3RM6UtQMVu07F8MZO10bmf7VWht3jdi50miFo/rOom0mKCR0FQzvCAEc5cMC4Ee6vlN8wwzi6+IouhGD65Fm4OqgGji8OK7XDSRwFskvKZJ8E5IjUyCk5Jw3CyQN5Ii/k1Xv0nr037/2ndc6bzOyQP/I+vgGGrptM</latexit><latexit sha1_base64="HV97Y0s34zTODXfhC8dagAdwnuM=">AAACC3icbZA9SwNBEIb3/IzxK2ppsyQIVuFOBC2DaWwEBaOBXDj2NpO4ZHfv3J0T4pHexr9iY6GIrX/Azn/jJqbQxBcWHt6ZYXbeOJXCou9/eXPzC4tLy4WV4ura+sZmaWv7yiaZ4dDgiUxMM2YWpNDQQIESmqkBpmIJ13G/Pqpf34GxItGXOEihrVhPi67gDJ0VlcrhPSCL8n6Uh0bR+tnJcBhaoeCW8kRbZBqjUsWv+mPRWQgmUCETnUelz7CT8EyBRi6Zta3AT7GdM4OCSxgWw8xCynif9aDlUDMFtp2PbxnSPed0aDcx7mmkY/f3RM6UtQMVu07F8MZO10bmf7VWht3jdi50miFo/rOom0mKCR0FQzvCAEc5cMC4Ee6vlN8wwzi6+IouhGD65Fm4OqgGji8OK7XDSRwFskvKZJ8E5IjUyCk5Jw3CyQN5Ii/k1Xv0nr037/2ndc6bzOyQP/I+vgGGrptM</latexit><latexit sha1_base64="HV97Y0s34zTODXfhC8dagAdwnuM=">AAACC3icbZA9SwNBEIb3/IzxK2ppsyQIVuFOBC2DaWwEBaOBXDj2NpO4ZHfv3J0T4pHexr9iY6GIrX/Azn/jJqbQxBcWHt6ZYXbeOJXCou9/eXPzC4tLy4WV4ura+sZmaWv7yiaZ4dDgiUxMM2YWpNDQQIESmqkBpmIJ13G/Pqpf34GxItGXOEihrVhPi67gDJ0VlcrhPSCL8n6Uh0bR+tnJcBhaoeCW8kRbZBqjUsWv+mPRWQgmUCETnUelz7CT8EyBRi6Zta3AT7GdM4OCSxgWw8xCynif9aDlUDMFtp2PbxnSPed0aDcx7mmkY/f3RM6UtQMVu07F8MZO10bmf7VWht3jdi50miFo/rOom0mKCR0FQzvCAEc5cMC4Ee6vlN8wwzi6+IouhGD65Fm4OqgGji8OK7XDSRwFskvKZJ8E5IjUyCk5Jw3CyQN5Ii/k1Xv0nr037/2ndc6bzOyQP/I+vgGGrptM</latexit>

⇣̇k ' 3H⇣k
<latexit sha1_base64="5lqvaYZA1UHJSk3c9SqiIfPcRFI=">AAACF3icbVC7SgNBFJ31GeMramkzGASrsKsBLQM2KSOYB2TDMju5SYbMPpy5K8Rl/8LGX7GxUMRWO//GySaFJh4YOJxzX3P8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFockjGamOzzRIEUITBUroxApY4Eto++Prqd++B6VFFN7iJIZewIahGAjO0EheqeLmM1IF/Sx1+xGm7gMgy7x0nLlaBHBHL2id5qI3zrxS2a7YOegyceakTOZoeKUvM5QnAYTIJdO669gx9lKmUHAJWdFNNMSMj9kQuoaGLADdS/ObMnpqlD4dRMq8EGmu/u5IWaD1JPBNZcBwpBe9qfif101wcNVLRRgnCCGfLRokkmJEpyHRvlDAUU4MYVwJcyvlI6YYRxNl0YTgLH55mbTOK47hN9VyrTqPo0COyQk5Iw65JDVSJw3SJJw8kmfySt6sJ+vFerc+ZqUr1rzniPyB9fkDhkSgrA==</latexit><latexit sha1_base64="5lqvaYZA1UHJSk3c9SqiIfPcRFI=">AAACF3icbVC7SgNBFJ31GeMramkzGASrsKsBLQM2KSOYB2TDMju5SYbMPpy5K8Rl/8LGX7GxUMRWO//GySaFJh4YOJxzX3P8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFockjGamOzzRIEUITBUroxApY4Eto++Prqd++B6VFFN7iJIZewIahGAjO0EheqeLmM1IF/Sx1+xGm7gMgy7x0nLlaBHBHL2id5qI3zrxS2a7YOegyceakTOZoeKUvM5QnAYTIJdO669gx9lKmUHAJWdFNNMSMj9kQuoaGLADdS/ObMnpqlD4dRMq8EGmu/u5IWaD1JPBNZcBwpBe9qfif101wcNVLRRgnCCGfLRokkmJEpyHRvlDAUU4MYVwJcyvlI6YYRxNl0YTgLH55mbTOK47hN9VyrTqPo0COyQk5Iw65JDVSJw3SJJw8kmfySt6sJ+vFerc+ZqUr1rzniPyB9fkDhkSgrA==</latexit><latexit sha1_base64="5lqvaYZA1UHJSk3c9SqiIfPcRFI=">AAACF3icbVC7SgNBFJ31GeMramkzGASrsKsBLQM2KSOYB2TDMju5SYbMPpy5K8Rl/8LGX7GxUMRWO//GySaFJh4YOJxzX3P8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFockjGamOzzRIEUITBUroxApY4Eto++Prqd++B6VFFN7iJIZewIahGAjO0EheqeLmM1IF/Sx1+xGm7gMgy7x0nLlaBHBHL2id5qI3zrxS2a7YOegyceakTOZoeKUvM5QnAYTIJdO669gx9lKmUHAJWdFNNMSMj9kQuoaGLADdS/ObMnpqlD4dRMq8EGmu/u5IWaD1JPBNZcBwpBe9qfif101wcNVLRRgnCCGfLRokkmJEpyHRvlDAUU4MYVwJcyvlI6YYRxNl0YTgLH55mbTOK47hN9VyrTqPo0COyQk5Iw65JDVSJw3SJJw8kmfySt6sJ+vFerc+ZqUr1rzniPyB9fkDhkSgrA==</latexit><latexit sha1_base64="5lqvaYZA1UHJSk3c9SqiIfPcRFI=">AAACF3icbVC7SgNBFJ31GeMramkzGASrsKsBLQM2KSOYB2TDMju5SYbMPpy5K8Rl/8LGX7GxUMRWO//GySaFJh4YOJxzX3P8WAqNtv1trayurW9sFraK2zu7e/ulg8OWjhLFockjGamOzzRIEUITBUroxApY4Eto++Prqd++B6VFFN7iJIZewIahGAjO0EheqeLmM1IF/Sx1+xGm7gMgy7x0nLlaBHBHL2id5qI3zrxS2a7YOegyceakTOZoeKUvM5QnAYTIJdO669gx9lKmUHAJWdFNNMSMj9kQuoaGLADdS/ObMnpqlD4dRMq8EGmu/u5IWaD1JPBNZcBwpBe9qfif101wcNVLRRgnCCGfLRokkmJEpyHRvlDAUU4MYVwJcyvlI6YYRxNl0YTgLH55mbTOK47hN9VyrTqPo0COyQk5Iw65JDVSJw3SJJw8kmfySt6sJ+vFerc+ZqUr1rzniPyB9fkDhkSgrA==</latexit>



Characterizing the spectral profile

Spectral profile of fluctuations is generically studied numerically,      
i.e model by model basis 

  However, non-attractor scenarios have shared features:
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PBH Abundance (Press-Schecter)

�(M(k)) = 2
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�2(M(k)) =
16

81

Z 1

0
d ln q

⇣ q

k

⌘4
P⇣(q) W (q/k)

<latexit sha1_base64="lUvDT4eS0LqUTWuWyDRWbypUzSc="></latexit><latexit sha1_base64="lUvDT4eS0LqUTWuWyDRWbypUzSc="></latexit><latexit sha1_base64="lUvDT4eS0LqUTWuWyDRWbypUzSc="></latexit><latexit sha1_base64="lUvDT4eS0LqUTWuWyDRWbypUzSc="></latexit>

�c = 0.3� 0.5
<latexit sha1_base64="N4SHzFEduXQpJ9KifxTGwJ9LbLI=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGNJvKAIQsGNywr2Ak0ok8lpO3RyYWYilJClG1/FjQtF3PoI7nwbp2kW2npg4OP/z5k583sxZ1JZ1rdRWlhcWl4pr1bW1jc2t8ztnZaMEkGhSSMeiY5HJHAWQlMxxaETCyCBx6HtjW4mfvsBhGRReK/GMbgBGYSszyhRWuqZ+05+RyrAz1LHB65Ij+JrbNVOj63aedYzq1bNygvPg11AFRXV6Jlfjh/RJIBQUU6k7NpWrNyUCMUoh6ziJBJiQkdkAF2NIQlAumm+RIYPteLjfiT0CRXO1d8TKQmkHAee7gyIGspZbyL+53UT1b90UxbGiYKQTh/qJxyrCE9SwT4TQBUfayBUML0rpkMiCFU6u4oOwZ798jy0Tmq25ruzav2qiKOM9tABOkI2ukB1dIsaqIkoekTP6BW9GU/Gi/FufExbS0Yxs4v+lPH5A8g0mHU=</latexit><latexit sha1_base64="N4SHzFEduXQpJ9KifxTGwJ9LbLI=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGNJvKAIQsGNywr2Ak0ok8lpO3RyYWYilJClG1/FjQtF3PoI7nwbp2kW2npg4OP/z5k583sxZ1JZ1rdRWlhcWl4pr1bW1jc2t8ztnZaMEkGhSSMeiY5HJHAWQlMxxaETCyCBx6HtjW4mfvsBhGRReK/GMbgBGYSszyhRWuqZ+05+RyrAz1LHB65Ij+JrbNVOj63aedYzq1bNygvPg11AFRXV6Jlfjh/RJIBQUU6k7NpWrNyUCMUoh6ziJBJiQkdkAF2NIQlAumm+RIYPteLjfiT0CRXO1d8TKQmkHAee7gyIGspZbyL+53UT1b90UxbGiYKQTh/qJxyrCE9SwT4TQBUfayBUML0rpkMiCFU6u4oOwZ798jy0Tmq25ruzav2qiKOM9tABOkI2ukB1dIsaqIkoekTP6BW9GU/Gi/FufExbS0Yxs4v+lPH5A8g0mHU=</latexit><latexit sha1_base64="N4SHzFEduXQpJ9KifxTGwJ9LbLI=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGNJvKAIQsGNywr2Ak0ok8lpO3RyYWYilJClG1/FjQtF3PoI7nwbp2kW2npg4OP/z5k583sxZ1JZ1rdRWlhcWl4pr1bW1jc2t8ztnZaMEkGhSSMeiY5HJHAWQlMxxaETCyCBx6HtjW4mfvsBhGRReK/GMbgBGYSszyhRWuqZ+05+RyrAz1LHB65Ij+JrbNVOj63aedYzq1bNygvPg11AFRXV6Jlfjh/RJIBQUU6k7NpWrNyUCMUoh6ziJBJiQkdkAF2NIQlAumm+RIYPteLjfiT0CRXO1d8TKQmkHAee7gyIGspZbyL+53UT1b90UxbGiYKQTh/qJxyrCE9SwT4TQBUfayBUML0rpkMiCFU6u4oOwZ798jy0Tmq25ruzav2qiKOM9tABOkI2ukB1dIsaqIkoekTP6BW9GU/Gi/FufExbS0Yxs4v+lPH5A8g0mHU=</latexit><latexit sha1_base64="N4SHzFEduXQpJ9KifxTGwJ9LbLI=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcGNJvKAIQsGNywr2Ak0ok8lpO3RyYWYilJClG1/FjQtF3PoI7nwbp2kW2npg4OP/z5k583sxZ1JZ1rdRWlhcWl4pr1bW1jc2t8ztnZaMEkGhSSMeiY5HJHAWQlMxxaETCyCBx6HtjW4mfvsBhGRReK/GMbgBGYSszyhRWuqZ+05+RyrAz1LHB65Ij+JrbNVOj63aedYzq1bNygvPg11AFRXV6Jlfjh/RJIBQUU6k7NpWrNyUCMUoh6ziJBJiQkdkAF2NIQlAumm+RIYPteLjfiT0CRXO1d8TKQmkHAee7gyIGspZbyL+53UT1b90UxbGiYKQTh/qJxyrCE9SwT4TQBUfayBUML0rpkMiCFU6u4oOwZ798jy0Tmq25ruzav2qiKOM9tABOkI2ukB1dIsaqIkoekTP6BW9GU/Gi/FufExbS0Yxs4v+lPH5A8g0mHU=</latexit>

⌦PBH(M(k))

⌦DM

= [ redshift factor ] �(M(k))
<latexit sha1_base64="Q9mtqqejgjtnyIklSKpe0czA3EU=">AAACQnicbVDLahsxFNWkaZI6TeK2y25ETMDZhJkQSCkEQtuFN6YuxHngGcwd+Y4tLM0M0p2CGca/1k2/oLt+QDddJJRss6j8WOR1QHB0zj1c6cS5kpZ8/7e38mL15dr6xqva5uut7Z36m7fnNiuMwK7IVGYuY7CoZIpdkqTwMjcIOlZ4EY8/z/yL72iszNIzmuQYaRimMpECyEn9+lWYGBBl+FXjEPplaDTvfGpVzXZzvL9fPd C/tKuKn/De/DI1OOB2JBOa8gQEZaaaRlMexkiwCPfrDf/An4M/JcGSNNgSnX79VzjIRKExJaHA2l7g5xSVYEgKhVUtLCzmIMYwxJ6jKWi0UTmvoOJ7ThnwJDPupMTn6v1ECdraiY7dpAYa2cfeTHzO6xWUfIhKmeYFYSoWi5JCccr4rE8+kAYFqYkjIIx0b+ViBK5Tcq3XXAnB4y8/JeeHB4Hj344apx+XdWyw92yXNVnAjtkpa7EO6zLBfrA/7JrdeD+9v94/73YxuuItM+/YA3h3/wH3Jq/C</latexit><latexit sha1_base64="Q9mtqqejgjtnyIklSKpe0czA3EU=">AAACQnicbVDLahsxFNWkaZI6TeK2y25ETMDZhJkQSCkEQtuFN6YuxHngGcwd+Y4tLM0M0p2CGca/1k2/oLt+QDddJJRss6j8WOR1QHB0zj1c6cS5kpZ8/7e38mL15dr6xqva5uut7Z36m7fnNiuMwK7IVGYuY7CoZIpdkqTwMjcIOlZ4EY8/z/yL72iszNIzmuQYaRimMpECyEn9+lWYGBBl+FXjEPplaDTvfGpVzXZzvL9fPd C/tKuKn/De/DI1OOB2JBOa8gQEZaaaRlMexkiwCPfrDf/An4M/JcGSNNgSnX79VzjIRKExJaHA2l7g5xSVYEgKhVUtLCzmIMYwxJ6jKWi0UTmvoOJ7ThnwJDPupMTn6v1ECdraiY7dpAYa2cfeTHzO6xWUfIhKmeYFYSoWi5JCccr4rE8+kAYFqYkjIIx0b+ViBK5Tcq3XXAnB4y8/JeeHB4Hj344apx+XdWyw92yXNVnAjtkpa7EO6zLBfrA/7JrdeD+9v94/73YxuuItM+/YA3h3/wH3Jq/C</latexit><latexit sha1_base64="Q9mtqqejgjtnyIklSKpe0czA3EU=">AAACQnicbVDLahsxFNWkaZI6TeK2y25ETMDZhJkQSCkEQtuFN6YuxHngGcwd+Y4tLM0M0p2CGca/1k2/oLt+QDddJJRss6j8WOR1QHB0zj1c6cS5kpZ8/7e38mL15dr6xqva5uut7Z36m7fnNiuMwK7IVGYuY7CoZIpdkqTwMjcIOlZ4EY8/z/yL72iszNIzmuQYaRimMpECyEn9+lWYGBBl+FXjEPplaDTvfGpVzXZzvL9fPd C/tKuKn/De/DI1OOB2JBOa8gQEZaaaRlMexkiwCPfrDf/An4M/JcGSNNgSnX79VzjIRKExJaHA2l7g5xSVYEgKhVUtLCzmIMYwxJ6jKWi0UTmvoOJ7ThnwJDPupMTn6v1ECdraiY7dpAYa2cfeTHzO6xWUfIhKmeYFYSoWi5JCccr4rE8+kAYFqYkjIIx0b+ViBK5Tcq3XXAnB4y8/JeeHB4Hj344apx+XdWyw92yXNVnAjtkpa7EO6zLBfrA/7JrdeD+9v94/73YxuuItM+/YA3h3/wH3Jq/C</latexit><latexit sha1_base64="Q9mtqqejgjtnyIklSKpe0czA3EU=">AAACQnicbVDLahsxFNWkaZI6TeK2y25ETMDZhJkQSCkEQtuFN6YuxHngGcwd+Y4tLM0M0p2CGca/1k2/oLt+QDddJJRss6j8WOR1QHB0zj1c6cS5kpZ8/7e38mL15dr6xqva5uut7Z36m7fnNiuMwK7IVGYuY7CoZIpdkqTwMjcIOlZ4EY8/z/yL72iszNIzmuQYaRimMpECyEn9+lWYGBBl+FXjEPplaDTvfGpVzXZzvL9fPd C/tKuKn/De/DI1OOB2JBOa8gQEZaaaRlMexkiwCPfrDf/An4M/JcGSNNgSnX79VzjIRKExJaHA2l7g5xSVYEgKhVUtLCzmIMYwxJ6jKWi0UTmvoOJ7ThnwJDPupMTn6v1ECdraiY7dpAYa2cfeTHzO6xWUfIhKmeYFYSoWi5JCccr4rE8+kAYFqYkjIIx0b+ViBK5Tcq3XXAnB4y8/JeeHB4Hj344apx+XdWyw92yXNVnAjtkpa7EO6zLBfrA/7JrdeD+9v94/73YxuuItM+/YA3h3/wH3Jq/C</latexit>
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PBH

⌦DM

=

Z
d ln(M(k))

⌦PBH(M(k))

⌦DM
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