Black Holes as Probes for Ultralight DM
a Tale of Boundary Conditions
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Interplay with black holes



What is the field profile?
Dependence on pu?
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» BH domination first, no self gravity
» Nonrotating black hole

— Schwarzschild metric

What is the field profile?
Dependence on pu?
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Can they be ‘glued’?
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Far field
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Small prey?



pirgH < 1 accurate unless .= <1+ (ury)? or = > 1/(urpn)?
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v Uniform approximation
v" Analytic control (causality)
V' dependence
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w < p almost allowed. . . needs Im[w] < 0

— SOLITON, bound state



M, ~ 10°M¢, o« M2

e‘asiy w‘er

BH domination Soliton domination
(self-gravity)
Aim to
» Soliton domination
» Uniform solution
» Causal boundary conditions
» GR gravity close to the horizon
» No non-relativistic approximation

| =0!, V2dy = —4nGp

V=V —2u2r*dy + (w? — p?)r?

Ynstabilities at / > 0, Dmitriev '21



Sketch: given ®p, compute ¢ in WKB — compute p, Py

ren ~ 107km, re ~ 10%3km ~ 1pc

TBH Te rs TMilky Way Thalo rs = 1015km7 mw. = 1017km
I's = [2GM; e = st AMs/Ms ~ 10~ in 10"%
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Stability is crucial! It selects small purgy

1
GMS <L rs — GMS < m

Mgy
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S

— uGMs < 1

— purH K

The hierarchy of scales makes boundary conditions
unimportant at large distances

M
re > GM, — re > GM. /\jH

S

= I'BH

For Mgy > Mg the known result GMpyrsp? ~ O(1) gives

MgH
Ms

prpn <K



Conclusions

No soliton case:
v" know p(r) for spinning DM
A\ boundary conditions have teeth when prgy > O(1)

Soliton case:

v" understand p(r), even with self-gravity

v" b.c unimportant in soliton domination

v" b.c unimportant in BH domination, small urgy

/N b.c. have teeth when Mgy > M, and wurey 2 O(1)
For SgrA*: Ms <10"My, p > 10"YeV



