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§1    Formulation



§1 Basic equations

Around a pulsar, e±

accelerator (i.e., a gap) 

arises around the null-

charge surface (rGJ=0), 

which is formed at r»rNS

due to the convex B-field 

geometry.

(Cheng +, 1986, ApJ 300, 500)
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§1  Basic equations

Around a BH, due to frame dragging, the GR Goldreich-

Julian charge density vanishes near the W=w surface 

(and hence in the direct vicinity of the horizon). 

WF=0.3wH
The GR Goldreich-Julian 

charge density:

W: angular freq. of B

w: angular freq. of frame dragging

a: redshift factor (lapse function)

Y: magnetic flux function
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§1  Basic equations

WF=0.3wH

KH & Pu (2016, ApJ 818, 50)

Parabolic BpRadial Bp

rGJ(r,q) little depends on the B geometry. 
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§1  Basic equations

Since rGJ, and hence the gap solution little depends on 

the B geometry, we assume a radial B on the poloidal

(r,q) plane.

Fig. Side view of 

a BH gap.

KH & Pu (2016, ApJ 818, 50)



Physical processes

e’s are accelerated by E||

Relativistic e+/e- emit g-rays via

synchro-curvature, and IC processes

g-rays collide with soft photons/B to 

materialize as pairs in the accelerator

Since the null surface appears in a BH magnetosphere, 

the same method as the pulsar outer-gap model can be 

applied to BH magnetospheres. 



E|| is solved from the Poisson eq.

Near the horizon ( ), it becomes

where and .

The tortoise coordinate r* is related to the polar r by

Basic equations
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The tortoise coordinate r* is related to the polar r by

Basic equations
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Horizon corresponds to r*=-∞.

KH+ (‘16, ApJ 818, 50)



Poisson eq.:

e± Boltzmann eqs.:

Radiative transfer eq.: 

Basic equations
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§2 Soft photons emitted from 
the hot accretion disk

We consider the mass accretion rate that is much 

less than the Eddington rate.

Accordingly, the equatorial plasma flow becomes 

an advection-dominated accretion flow (ADAF).

The soft photons emitted from ADAF materialize as 

seed pairs that are to be accelerated in the gap.



Compute ADAF photon flux @ (r,q;qg ).

Ray-trace the ADAF-emitted photons in Kerr spacetime, 

and tabulate the specific intensity at each point in the 

static frame. 

Then convert it to the value measured in the Zero-

Angular-Momentum Observer (ZAMO), using the 

invariance of I
--3. 

Finally, integrate it over the solid angle in each photon 

propagation direction to compute the soft photon flux at 

each point in each direction.

§2 ADAF soft photon field
KH+ (‘17, ApJ 845, 77)



The ADAF photon flux @ (r,q;qg ):

§2  ADAF soft photon field
KH+ (‘17, ApJ 845, 77)

Propagation direction, 

cos(qg)

q =0o q =15o q =30o

Newtonian approx.

-1 0 1 0 1 0 1

Radially

inward
Radially

outward
Propagation direction, 

cos(qg)

(along B axis) (middle latitude)

r=2M

r=6M

r=30M
r=20M

r=12M

r=2M

r=6M

ADAF soft photons illuminate 

q ~ 0o inefficiently.



Using this specific intensity of the 

ADAF-emitted radio-IR photons, 

we solve e--e+ pair creation & ICS 

at each point, and solve the lepton 

accelerator electrodynamics.

§2  ADAF soft photon field
KH+ (‘17, ApJ 845, 77)
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§2  ADAF soft photon field

Created e±’s are accelerated by E||, emitting TeV photons 

via ICS process and GeV photons via curvature process. 

ADAF-emitted soft 

photons are

up-scattered by 

ultra-relativistic e-’s. 

Fig. Side view of a

BH magnetosphere.
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