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IN MEMORY OF SERGIO COLAFRANCESCO

» A vision for fundamental
astrophysics in Africa

» Done by Africans with
African instruments
» Unafraid of “crazy” ideas or
being wrong
» | am the last PhD he
graduated




I WASN’T SURE WHAT TO TALK ABOUT HERE

» | don't know much about black holes
» But | do know that

DARNK.




AN INTERSECTION

» Dark matter could be primordial black holes (PBHs)
> A way to intersect with the conference topic?




WHAT 1s A PBH?

» Black holes unrelated to collapsing stars

» Formed Strong density fluctuations or cosmic phase transitions

HISTORY OF THE UNIVERSE WITH PRIMORDIAL BLACK HOLES
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How TO OBSERVE PBHSs?

» Lensing
» Gravitational wave backgrounds
» Evaporation: Hawking process (mostly photons considered)
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How ABOUT HAWKING RADIATED ELECTRONS?
» Hot electron populations produced by PBHs
» How to go about detecting this? Radio and X-ray?
» How about favourite of Sergio’s: the Sunyaev-Zel'dovich effect
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PBHS AND ELECTRONS

» If we believe in Hawking radiation we have

1013 g
Ty = 1.06
BH < MBH

» Lots of electrons per PBH per second?
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How DOES THE S7Z EFFECT WORK?

» CMB photons scattered by hot electrons
» Makes the CMB look hotter

SUNYAEV-ZELDOVICH EFFECT
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THERMAL AND NON-RELATIVISTIC
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THE NUTS AND BOLTS

» We can compute our electron distribution (diffusion
insignificant)

PPBH / F(E")
= /2" dE .
nepoii(r) mppab(E) / exp [E'/ Tppu] + 1

» Note that ppgy = fppm where f is the fraction of PBH DM

» We can compare in the Coma cluster where the thermal
electrons follow

2 —0.981
ne(r)=349x103(1+ —— em ™3 .
e(r) ( 64000 kpC2>

» and have temperature ~ 15 keV.



RESULTS
» Chan & Lee 2021 depend on galactic centre environment
» Uncertainties and diffusion assumptions
» Boudad & Cirelli 2019 do just have better limits
» From particle flux at Voyager positions
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SUMMARY

» Lower mass PBH's produce enough hot electrons for a
powerful SZ effect
» For mppy < 2 x 10%° g they can outshine Coma
» If PBH's are all DM

» Thus we rule out large populations of PBHs at these masses
» This was just a rough computation, can improve
» Relativistic SZ effect
» Beyond monochromatic PBH distribution
» Other targets?
» Combine with X-ray/radio electron signatures?
» With the universe as our instrument we can do surprising
things
» | think Sergio would have enjoyed this use of the SZE



