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Introduction: Basics of Black Hole (BH) accretion

What we already know

(i)Matter crosses the horizon at the speed of light (¢ ), the
maximum possible sound speed (a) i.e., a®_.=c%/3 => supersonic
(ii)At large distances away, from the BH matter has very low
inward velocity => subsonic.

(iii) Existence marginally stable orbit r . means matter falling BH
has to be

(iv)Properties (i) & (ii) also says, matter close to the BH horizon is

relativistic and at the larger distance it is non-relativistic i.e.,
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A fluid is relativistic, on account of its (a) bulk speed (v~c),
and/or (b) its temperature T (thermal enerqgy > rest energy)

A fluid is thermally relativistic is p/pc?=kT/mc?>/~1, i.e,
" 4/3, and thermally non-relativistic if kT/mc?<<1, i.e., if
r=5/3 |

So fixed T' EoS are inadequate to describe thermally tran-
relativistic fluid, such as accreting fluid onto BHs.

A relativistic EoS was proposed bv caonsiderina relativistic
Maxwellian distribution of fluid partic;, _ (Jr_f’ Ks(pc”/p)
RP) pC? Ko (pc?/p)

(Chandrashekhar 1938, Synge 1957)
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hrp
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ID (y=4/3)

C2
1/k)df/dT
‘=1+1/N,
/”13==r1 f

c2.=Ip/(e+p)

(Ryu, Chattopadhyay,
Choi,ApJ S, 2006)
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Multiple - species fluid?
= Now, ©O=p/pc=kT/mc?ll, so the thermal state will as much
depend on T as on m, (m=mass of fluid particles). This brings the

issue of composition, or in other words the particles that
constitutes the fluid.

= But would composition of fluid matter? N D
c = pc” —+ r 1
(.(//'1/ =+ “/“1/)1‘:/);’/ =0 For fixed I" EoS i.e.,
I ¥4 -
nu’)., =0 . . .
(’ )i if| the cooling term is zero then the

w1 e — e solutions are supposed to be

- * independent of the
composition of the fluid.
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n = Eﬂ.-.;_ =N, + (s + Ty,

1 :
p = Xn;m; = ngm, S p = Lp; = 2n.k1.

/ad

O, + 3n,m;c?
3p; + 2n;m;c?

e = e = X !-n..z- m; A+ Pi (

2
e =n.m.c f,

T dd, 1 df
NZ _2 i S ——
" 2 dO

f=(2—£)[1+@( n+9(§213§2)]

2
Chattopadhyay & Ryu

ApJ, 2009
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Ldut ] { 2 e 1 dp
dr — r? r e+pdr

de  e+pdn
dr n dr

1 dn 2 1 du”

ndr r urdr

dv (1 —v%)[a*(2r - ‘—1]
ar r(r—2)(v —a?/v)

o O [ 2r—-3 1 dv
T ) T e

I/

Integrating the conservation eqn, we
- get o (f + 2@)'H¢
(2—&4&/n)

ll - .
: ﬁ Radial accretion
! flow

\\/ T*,\/‘

~

~

Bondi Accretion
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Sonic point properties of radial flow onto BHs

At r=r_, dv/dr—  0/0, the sonic/critical point conditions
(SPC/CPC), e = Ve[S & 1

(dv/dr),, is found by I'Hospitals rule & admits two solns

When fluids are compared with same -, we are comparing
fluids at the same a.. = Zil

When f*AL\ '— O, Ut — | LC—‘/! N~ | -1~ .\‘:\.;(1.?,\; '96

/

. Wideband X-ray Astronomy, IUCCA, 15 ) .
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Critical points: Radial flow onto Schwarzschi BH
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1 dp
e+ pdr’

1 - 2
o L ¢>¢= = r_or
o + 3 (r — 3)uu (1 r-l-uu)

U T

@_e—l—pdn_o y
dr n dr

s

[ = drH(r)p(r)u",

y
H= \/ P (73 — A2(r — 2)], (Das 2004, Lassota &
P Abramowicz 1997)

4 [ | A: B U(p/ u-r .
| Wideband X-ray Astronomy, IUCCA, 15
Jan, 2011



IIIIIIIIIIIIIII

II|I

lllllllllllllll

lllll]llllllll]l

v}

omy, [IUCCA, 15




—

=

r. r

(31 co

*

IIIIIIlIIIIIIIIII
IIlIIIIlIIIIlIIII

=
coan b b Ly
coa b b Ly

ci rCi rCO

r

d X-ray Astronomy, [UCCA, 15
Jan, 2011




\\\\\

| | 1 | | I 1 | | I | | | | | | |

2.6 2.8 3 3.2 3.4 3.6
A

1 ] | ML | | | 1 I 1 1 1 1 1 | 1 |
2.6 2.8 3 3.2 3.4 3.6

A




|
RN AR AN A

I‘ci1 2 r'co3 4
loglr)

I!I|IIII|IIIII|III

Lt 2 L3 4

adhyay (2011)

Wideband X-ray Astronomy, IUCCA, 15



0s—100s ry

Wideband X-ray Astronomy, IUCCA, 15
Jan, 2011




0 0
(a) 1 i (e) - i (1)
—. ] L\ S T .
\'“"-, 1t 7 el ]
) ] [ 1 -2 =
4 =k - ]
) B 1 -3 -
_3 1 l s 1 l 'S s 1 s l 1 1 ]_ _3 _;: 1 1 l 1 IS 1 'S l 1 'S 1 1 l 'S 1 1 1 l i _4 1 1 l s s l 1 s 1 l 1 1 :

LA B L B R B R

R

LA L B S BN B B (R B R

(f)

LI L B B B B B B B LN B

~
o
S~
[
T

11

1
'SLEL N L L L L L L e = B B RLE L P U L BRI

log(T) [ ) B ] :
10 |- . 10 - b ]
- - L | 7 _—
i 1 oL . :
o ] I ] 6 B
PR BT B B L P | P J s
_' T L] I T T T T I T T T T I T L] T I L T T T ] T T T L] I T T T L] I T T T l i —l T T I L] T T T I T T T T ] T T T L] I
1.65 [ ( ) C (g) - 1.68 |- (k)
= 1 16| - i
1.6 - E C 1 1.66 n
1.55 = N : C
r g ] 1.5 = - 164 |-
1.5 - r ] B
: 1 I ; 1 1 1 I 1 1 1 1 A

1.4IIIII.I'I'.I.III

AL |

1.6
20

B
-
—
-
.
-
-
e

17

~
(o}
~

16

|

16 19

log(n))
14

15
18
14
17
13

12

1 1 ]
_II]Il]lllllll[ll[lll]lli I

=1 I 1 1 1 l 1 1 1

16

'IIIIIIIIIIIIIIIIIIIIII‘ -IIIIIIIIIIIIIIIII

_||I||||||I|||Ill|lllll__

2
log(r)

B -

-ray Astronomy, [IUCCA, 15
- Jan, 2011



///// / 1'2:' // /'/ / //'-:
;o | R

log(x,)

1.5

l 1 1 1 '] 1 'l 1 1 1 1 1 'l
1 1.001 1.002 1.003 1.004 1.005 1 1.002 1.004 1.006

&

/4
Fig. 9. (a) Variation of log(x4) with € for e~ — pTfluid. The leftmost curve is for A = 3.45

and decreases by d\ = 0.05 for each curve towards right, up to A = 2.8. (b) Variation of
log(xs) with € for A = 3, and each curve is for £ = 1.0 (solid), 0.8 (dotted), 0.6 (dashed),
0.4 (long dashed), 0.2 (dashed), 0.1 (long dashed dotted). Py
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4
parameter space

ultiple critical point. Shifts
“monotonically to the left
with the increase of the Kerr

parameter ‘a’.
(Chattopadhyay etal 2011, in preparation)

With the increase of
viscosity parameter, the
shock parameter space

- moves to thedadt. . iainmhsriveca, 15
Das, MNRAS 2004) Jan, 2011




 However, with & the response of the parameter space is
not monotonic. So in presence of dissipation the
dependence of the solutions incorporating & will be
important.

* Now, Why should anyone be concerned with these solutions
in the first place? Will it have any observational

significance?

Let us check with inverse-Compton spectra of radial
accretion flow with ex‘rer'nal photons of 1KeV. The accretion
| - ) & fluids with &=0 & 1.

Compuct R _l o

Object ™.\ /0
! g \

! »: . ' Radial accretion
—
flow

!

Bondi Accretion
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| Conclusions |

* Transonic pair plasma fluid is most non-relativistic
fluid.

* It needs a certain proportion of baryons to make it
relativistic.

* Pair plasma rotating fluid do not have 3-sonic points.
And admits only I type solutions.

* Parameter space for multiple critical pt strongly
depends on &.

* The shock parameters differs with € too.

* Finally, the spectra will be different in the high energy
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