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. Summary



PBH and Hawking Evaporation

PBHs could have been formed in early Universe
3

* mass My = 5p- (37)" =10 () &

* spin a, =87 J M3/ M3,

® abundance 8 = pgu(Tin)/Pr(Tin)

® charge Q (focus on Q=0 Kerr BH here)
PBHs emit particles via Hawking evaporation

dMgy M} da, M},

dt M2, dt

Temperature after PBHs have fully evaporated:
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Remarks:

o if 3> . = Tey/ Tin = PBHs domination phase
* CMB: r<0.035 = T, s O(10%°) GeV = M;, 2 0(0.1) g
® BBN: T., 24 MeV = M, s O(10°) g




Superradiance in a Nutshell

® Ball scatters off a cylinder with lossy surface:
® slows down if cylinder at rest

v v
o o
® speeds up if cylinder fast rotating
o V- oV .

* Particles/Wave (¢ ~ e™/“t) scatter with rotating BH (with angular
frequency Q)
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® Superradiance condition: w < M (s, Cardoso, Pani 1501 06570]



Superradiance: Scalar DM around Kerr BHs

Klein-Gordon equation:
(g V" V" = min) 6 =0
Separating variables (Hydrogen atom in QM):

o(t,r,0,0)= > e G (0) Rum(r)

w,n,/;m

* Jm(w) >0 = ¢ exponentially grows

® Radial component R:
AO, (O:R)-A [mger + afrgzo.z2 —2wmasrgr+(w (r2 + airg) - ma*rg)2 + )\] R=(
® Superradiance rate

Mo = Im(w) = %(mde)g(a* — 2Mgm 1)

with ry = rg (1 +v1- af) being event horizon and r, = GM.



Superradiance Phenomenology

r, M; m,
° = Tfe _ o[ Men dm
a =5t = G Men Mam (107 g) (107 GeV)

Mgh $10° g = mgm 2 1TeV = Heavy DM

® Evolution Eqs (s, cardoso, pani 1501 06570
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Superradiance Phenomenology

L 1.0
10
9
100 09 0.9
08
12 e
10/ Z 0.8
Z 00 307 E]
207
10° 0.6
10* My = 107 GeV s = 0999 0.6 M, =32x10"g
100 04 = 0.5
10" 10* 10* 10° 10° 10" 10% 10* 10° 10% 10" 10* 10! 100 10%
a

a

* Superradiance manifests significantly when t ~ X <= a~10°
® Final DM numbers:

2
NS (end) = NS (in) + (9(1019)(1"353';)



PBHs with and without Superradiance
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Pure Hawking evaporation
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Hawking evaporation 4+ Superradiance
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Summary

® Superradiance enhances DM production from PBH = a new
non-thermal gravitational channel for DM

® Less PBHs, hence smaller § are needed compared to pure Hawking
evaporation

Thank you for your attention!



Backup: Kerr Metric

Line element:

2 >
ds? = —dt%—% (dt - a. ry sin® 0 d<p)2+Z dr’+ L d6*+(r* + a7 r}) sin 6° d

° er2+afr§ cos? 6
o Azr2—2rgr+afrg2,

® coordinate singularity: A=0= r, =r, (1 +/1- a%)
® r.: Event horizon; r_: Cauchy horizon

® ergosphere: r, <r<rp with rp =1, (1 ++/1-a2 cosQH)



Backup: Varying BH spin
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Backup: bound on PBH mass for superradiance

PBH lifetime:

160 M3
T =
ng. Mp
Typical timescale for superradiance:
1 24 (8amM3\1
Fsr  Mdm

M, Mdm dx

To develop superradiance, t, < 7 is required, leading to

1/11 11 9/11
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