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Black hole superradiance

Detweiler 1980
Review: Superradiance by Brito,

* Superradiance condition, instability —w < mflg Cardoso, Pani
) B c 5 M
e Axion cloud can form around BH g ~ 3 x 10°’cm ™ (g 1) (0@—1) (JL—?)
Bohr radius Ie = CZ_Z QGravitational fine-structure
"9 : constant o = GMm,,

* Axion-photon coupling, self interactions.

* Axion-fermion coupling?



Black hole X-ray binary
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Axion heating via net absorption

Inverse bremsstrahlung

p: proton or ion (consider protons only)

Compton scattering

Inverse Primakoff

(&

*Neglect plasma effect first.
**Inverse processes are also possible.



Plasma eftect

Plasma frequency:

Photons obtain effective mass in plasma m,« = wgs.

e2n,

Weff —
m}e

— 3.7ev(

Ne

1022cm—

Final-state photons with E,, < weg are kinematically forbidden.

1/2
3) > m, € [10712,10"11]eV

mm) Compton scattering and inverse Primakoff processes are kinematically forbidden,

rendering them to 3 — 2 processes with photon being a propagator.

Note: same as “inverse
bremsstrahlung”.




Axi1on heating 1 g
p/e” - p/e” p/e”
Gae heating
Emt — 2 a CL%’Y '7 we
Me momentum transfer
I . actgzmqlf 11 1662, |q?
ZLZIMEPHE r . : !lgl . 51ZU\/IEEFg .
Spins mé (|q| + {‘de{f) spins (|q| + weﬁ)

Emissivity: 1986 G. G. Raffelt

Net effect = heating —
€q = /dH EqdIlydydIlsdIly (27m)* 6™ (py 4+ po + k — p3 — pa) M PP fafrfa(1 = f3)(L = f1) /

/dH E,dIT;dITodIsdII, (2m)26™W (p3 + ps + k — p1 — p2) I M2 fafa(1 — f1)(1 — f2) (1 + fa)
Axion heating rate (a +e +p — e + p):

7 =
F_“_lev( Jae )2 Eqng Ne 107K\ (¢) form factor
n, 2 s \10711/ 104eVem—3 10%2cm—3 T

F(() = —(1+v+1In¢) /2 logdependence on IR cutoff: e
( = w?/(8Tme) or Debye-Huckel screening scale.




Accretion disk model

Kerr metric, GR effect included

* Thin disk model: Shakura-Sunyaev (SS) model, Novikov-Throne (NT) model.

 Plasma density, core temperature, surface density. «,: SS viscosity parameter

T A2
: : 1 = 2 . normalized accretion rate
maiddle region: Prag < Pgas 'k = Kes  [1104.5499] LEdd
) m = M /M¢: normalized BH mass
T
ppl =2 40 g/cmjo 10 5, 1045 Z/ﬂr 20 @(:r . d = a/M: dimensionless BH spin
T, ~ 7 x 108K[a], 5~ 5310 o) (), (7 =1/15.x =)

¥ ~9x 104g/01112[a;4f5ﬁ1lff‘*rhfg'f&]ﬁ_?’/‘:’ (:1,

h's: auxiliary functions, GR effect, h — 1 at large radii.

The relevant region = middle region where the

densest region of the axion cloud is overlapped
with the disk.

inner region (may not exist)
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Accretion disk model

electron number density profile
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Temperature fluctuation

Treat axion heating as a perturbative effect:

4 (T. +GT)* 3GMM o 41 ca(To)S(7) 3T (faE)
3T © - 83 T 2 ppi(r) ) T ~ 320574 \ ppl
. . _v__ . . w " : _Q’
viscosity dissipation axion heating o chapa%ﬂ/f_%m_%ad 5 fOI' a < 0.3
107 |211) Full numerical
N Hydrogenic, hy = hs = hg = 1
- 1322) yarog 4 5 6
A M =10My,a =0.3
R ag = 0.01, m = 0.03
& Gac —10_
—
5]
1072
1073 L .
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Thermal spectrum

redshift factor effective surface temperature

FO(W) — 27]_;4 /(fcol(_'_ 5Teff)) dQObS

col Blackbody spectrum

Temperature fluctuation
due to axion heating:

4 1/4
ST — (_) 5T,
3T

- —— Axion Heating

----- Disk-only Contribution

M = 10My, o = 0.30, g, = 0.086
ag = 0.01,7m = 0.03,a = 0.88
|211) state, gge = 101

F,/N

peak frequency
blueshift
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Frequency shift
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Projected sensitivity on g, vs my,

decreasing M
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Smaller BH mass
can probe a larger
m, and smaller

coupling |ge|.

|322) state can

cover a broader
parameter space
due to a larger

amax-
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Conclusion

* We showed that axion cloud can heat up black hole X-ray binary
accretion disk by inverse bremsstrahlung process.

* We studied the effects on the thermal spectrum from the disk.

* We obtained the projected m, — g, constraint from axion heating.
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Back-up shides



Accretion disk model

Kerr metric, GR effect included
e Thin disk model: Shakura-Sunyaev model, Novikov-Throne model.

* Plasma density, core temperature, surface density.

a4: Shakura-Sunyaev viscosity parameter

mnmner region. Ml = M/Mg: normalized BH mass

—5 3 1 -~ -1 « —92 - ~
ppl = 2 x 1077g/em”ay L i =272 hy (2, a)
: normalized accretion rate

m =

Praq > Fgas) K = Kes T.~5x10"Kay, 45 —/AE=38,y (a, ), MEdd _
r/r normalized radius; x = /7.
>~ 5g/cm2 C]:fgli'h_lf'gﬂhg(m? ), a/M: dimensionless BH spin

Thermal emission

P

middle region: I 1 o
Ppl = 40g/cm a, mT10m /55

 hy(z,d).

P < P,he, K =K -1 1. 9 -
rad gas es TCET’xlUSKadEm 5m§2f5.r 10]15(;13}{1)?

Y~ 9 x 104(@;/{31112 a;Mﬁ?ﬁUE‘mgﬁF_?’mhﬁ(a; a)

h's: auxiliary functions, including GR effect, and asymptote
to unity at large radius. .



Calculation of the thermal spectrum

aQDb‘i TTre 1 . .
—dg.dr. = — J(gx,Te,i)dg.dre Cunningham 1975
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Comments on axion cloud stability under A
For a single cosine potential, V(‘I)) = miff[l — COS((I)/fa)] ‘ A= “mi/f(?

Gae — Cme/fa, —
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