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PBHS as DM in 201 6 Carr, Kuhnel & Sandstad PRD 2016
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PBH mass functions

inﬂationary power spemctrum Pc(k) = Pal(k,t) = oa(Mu(t))

se‘lﬂecting processes for valid density peaks| = B(M,Mpy) = f(M)

f ~ 5(M = My = Mspike)




PBH mass functions (in reality)
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The effect of critical collapse: Niemeyer & Jedamzik 1998
M=KMg(A—-A)" Yokoyama 1998



PBH mass functions (in reality)
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more uncertainties: threshold of A, fni, non-linearity from £ to A, window functions...



Press-Schechter method
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P(A) = A ]

exp |- o

univariate-Gaussian (one-dimensional)

Qps(My) = — / 7 p(A)M(A)A.

My JA

B(M, My) = dQ(Myg)/dIn M



Peak statistics

Bardeen et al. 1986

npe(r,v)dy = 3 53 (r — r,)

p
Constraints on spatial configuration: ~ §®)(r —r,,) = det |z(r,)| 6 [u(r)]
u; = (u); = ;A extremum: u; = 0

zii = (2)i; = 0;0;A maximum: principal axes of z <0



Peak statistics

Bardeen et al. 1986

A
—B
P(A,ui,zij) = eXp( )
\/(27r)10det\/\/l|
multivariate-Gaussian (10-dimensional)
A 9, A
B =37 5 Ayi(M™Y)iAy; %i0;A

Ay, = y; — (y;) (for i = 1,---,10)



Peak statistics

Bardeen et al. 1986
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\ non-vanished cross-correlation!

special moment: o7 (R)

(k%) = 07 /oA

\ v =01/(0204)

/ E**W?2(ER)Pa(k, R)dIn k.
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Peak statistics

Bardeen et al. 1986

homogeneity & isotropy of density perturbation:

P(A,ui,zij) — P(A)

c.f. Germani & Musco 2019 v=A/oa
Qe (M) = —— / T pn(v)dy
pk (WM H p(MH) ” PPBH 3
V(R)

- / Ny ()M (v)dv,

&

one-dimensional effective representation
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Peak statistics v.s. Press-Schechter

Wu & Yokoyama, in preparation
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For total mass distribution after matter-radiation equality:

frs(M)
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Byrnes, Hindmarsh, Young & Hawkings 2018
Wang, Terada & Kohri 2019
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ower-law templates: _
P P P (k) = Ac(k/ko)"

B

10-5 : — Peaks theory
o - == Press—Schechter
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Young, Byrnes & Sasaki 2014
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* Only blue-tilted (broad) spectra are considered.
* Monochromatic mass (no critical collapse).
 The discrepancy (a factor of order 10) is within the uncertainty.



broken power-law template:
(for single-field inflation)
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trapezoidal templates: Wu & Yokoyama, in preparation
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red-tilted

Logo[f(M)]
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blue-tilted
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S umma ry (broken) power-law
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Summary blue trapezoid (top-hat)
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Messages

* The peak statistics reveals an universal enhancement to the PBH mass
function obtained from the Press-Schechter method (as PBHs must form

at high-peak values).

 This enhancement is due to cross-correlation of density peaks with their

“peak-shape” spatial configurations.

* For inflationary spectrum in the narrow-spike class, the enhancement is

at least by a factor of 10%>.



Implication to GW cosmology

Induced (second-order) GWs from inflationary spectrum: Saito & Yokoyama 2009

PBHs as all DM and induced GWs: Cai, Pi & Sasaki 2018; Bartolo et. al. 2018
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