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Fig. 4: three BH
Cs show

ing a sim
ilar outburst rise in the soft X

-rays....
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C
h

an
d

ra ob
servation

s sh
ow

 th
at n

earb
y galaxies h

ost 
h

u
n

d
red

s of d
iscrete X

-ray sou
rces (see F

ab
b

ian
o

2003).
D

ifferen
t m

orp
h

ologies are fou
n

d
  in

 th
e log N

(>
S) –

log S 
cu

rves for early-
an

d
 late-typ

e galaxies an
d

 for d
ifferen

t 
galactic com

p
on

en
ts w

ith
in

 sp
iral galaxies. L

u
m

in
osity 

b
reaks are ob

viou
s in

 th
e log N

(>
S) –

log S cu
rves of  th

e 
b

u
lge sou

rces of th
e sp

irals, e.g. M
31 (K

on
g et al. 2002) an

d
 

M
81 (T

en
n

an
t et al. 2001), b

u
t th

e log N
(>

S) –
log S cu

rve 
of sou

rces in
 sp

iral d
isks an

d
 in

 in
teractin

g galaxies is a 
p

ow
er law

 (T
en

n
an

t et al. 2001, G
rim

m
 et al. 2002). T

h
is

in
d

icates d
ifferen

t p
rop

ortion
s of X

-ray b
in

aries (L
M

X
B

s 
vs H

M
X

B
s) an

d
 oth

er X
-ray sou

rces am
on

g galaxies an
d

 
am

on
g com

p
on

en
ts w

ith
in

 th
e galaxies.  

B
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in
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u

lation
s

A
ssu

m
p

tion
s:    

1. F
orm

ation
 of  X

-ray b
in

ary p
op

u
lation

s can
 b

e con
tin

u
ou

s   
(d

u
e to agin

g of th
e stellar p

op
u

lation
s or d

u
e to con

tin
u

ou
s 

star form
ation

) or im
p

u
lsive  (d

u
e to a starb

u
rst)

2. m
ore lu

m
in

ou
s X

-ray b
in

aries h
ave sh

orter life sp
an

s

R
esu

lts: 
1.

L
u

m
in

osity b
reak can

 b
e p

rod
u

ced
 w

h
en

 an
 X

-ray b
in

ary 
p

op
u

lation
 ages; lu

m
in

osity b
reak can

 also b
e p

rod
u

ced
 w

h
en

 a  
sou

rce p
op

u
lation

 h
as a lim

itin
g lu

m
in

osity, su
ch

 as th
e 

E
d

d
in

gton
 lu

m
in

osity of accretin
g n

eu
tron

 stars. B
u

lges of sp
iral 

galaxies an
d

 early-typ
e galaxies are d

om
in

ated
 b

y old
 L

M
X

B
s.

2.P
ow

er-law
 log N

(>
S) -

log S cu
rves of th

e d
isk sou

rces in
 sp

iral 
galaxies an

d
 of sou

rces in
 in

teractin
g/

starb
u

rst galaxies are du
e 

to con
tin

u
ou

s star form
ation

. X
-ray sou

rce p
op

u
lation

s of th
ese 

galaxies are d
om

in
ated

 b
y you

n
g H

M
X

B
s.  

3.T
h

ere is a fain
t p

rim
ord

ial X
-ray b

in
ary p

op
u

lation
, w

h
ich

 can
 b

e 
d

etected
 in

 galaxies w
ith

 low
 star-form

ation
 activities th

rou
gh

ou
t 

th
e H

u
b

b
le tim

e (e.g. d
w

arf sp
h

eroid
s). 

4.L
u

m
in

osity b
reak can

 b
e u

sed
 as an

 age in
d

icator for d
isk sp

iral
galaxies. 
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re 1.
log N

(>
S) –

log S cu
rves of th

e b
u

lge an
d
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isk X

-ray sou
rces 

in
 M

81 (T
en

n
an

t et al. 2001 ) 

L
u

m
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osity fu
n

ction
s of m

od
el galaxies

F
igu

re  2. 
In

tegral lu
m

in
osity fu

n
ction

 N
(>

S) of X
-ray b

in
aries in

 a 
galaxy w

ith
 an

 age of 15 G
yr. P

op
u

lation
s of n

eu
tron

-star an
d

 
b

lack-h
ole b

in
aries are n

ot con
sid

ered
 sep

arately. (a) T
h

e 
starb

u
rst ep

isod
e occu

rred
 0.4 G

yr
ago. T

h
e stren

gth
s of th

e 
con

tin
u

ou
s-

an
d

  im
p

u
lsive-form

ation
 com

p
on

en
ts are 

com
p

arab
le. (b

) Sam
e as (a) excep

t th
at th

e con
tin

u
ou

s-
form

ation
 com

p
on

en
t d

om
in

ates. (c) Sam
e as (a) excep

t th
at 

th
e im

p
u

lsive-form
ation

 com
p

on
en

t d
om

in
ates. (d

) Sam
e as 

(a) b
u

t th
e starb

u
rst ep

isod
e occu

rred
 1.0 G

yr
ago.  

solid
 lin

e: total p
op

u
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d

otted
 lin

e: im
p

u
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p
on

en
t 

d
ot-d

ash
ed

 lin
e: con

tin
u

ou
s form

ation
 com

p
on

en
t 

d
ash

ed
 lin

e: p
rim

ord
ial p

op
u

lation

F
igu

re 3.                                                       
In

tegral lu
m

in
osity fu

n
ction

 N
(>

S) of X
-ray b

in
aries in

 a 
galaxy w

ith
 an

 age of 15 G
yr.  P

op
u

lation
s of n

eu
tron

-star an
d

 
b

lack-h
ole b

in
aries are con

sid
ered

 sep
arately w

ith
 th

e b
lack-

h
ole p

rop
ortion

s in
 th

e con
tin

u
ou

s-
an

d
 im

p
u

lsive-form
ation

 
com

p
on

en
ts sp

ecified
 b

y f2 an
d

 f3 resp
ectively. (a) Starb

u
rst 

occu
rred

 0.1 G
yr

ago; f2=
0.9 an

d
 f3=

0.1. (b
) Sam

e as  (a) 
excep

t f2=
0.3 an

d
 f3=

0.1. (c) Sam
e as (a) excep

t th
at th

e 
im

p
u

lsive com
p

on
en

t is w
eak. (d

) Sam
e as (a) excep

t th
at th

e 
starb

u
rst occu

rred
 0.2 G

yr
ago.

F
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re 4. 
C

on
tam

in
ation

 of th
e lu

m
in

osity fu
n

ction
 d

u
e to th

e p
resen

ce 
of su

p
ern

ova rem
n

an
ts (rep

resen
ted

 b
y th

e d
otted

 lin
e). T

h
e 

in
trin

sic lu
m

in
osity fu

n
ction

 (d
ash

ed
 lin

e) is th
e sam

e as in
 

F
igu

re 1a. (a) T
h

e in
itial b

righ
tn

ess of su
p

ern
ova rem

n
an

ts is 
10

41erg s
-1. (b

) T
h

e in
itial b

righ
tn

ess of su
p

ern
ova rem

n
an

ts is 
10

38erg s
-1. 


