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ABSTRACT 

of stars in globular clusters 

spherically symmetrical functions such as exp(-r2/s2), exp(-r/s), 1/(1 + r2/s2) 2 and 1/(1 + 
r2/s2)m, (s and m are parameters) 

strate 
that Gaussian or exponential distribution functions yield too short extensions of periph-

r2/s2)m, 
constant and s and m are adjustable 

s  m is 
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 Shapley (1885- n-
tified Cepheids and calculated real distances to the globular clusters (GCs) [1], 
these rem  

  
se presence is expected by the canonical stellar 

-ray bina-

 
 astrophysics, because they may be considered as 

, the number of 
hey differ in mass, lumi-

nosity, total number of stars, and their spatial densities as a function of distance 
 

The most fundamental characteristics of the GC such as the total number of 
stars, N, and their radial distribution are still poorl e-

s-
sary for a proper estimation of the physical conditions in central 

t their central temperatures dif-
fer from the present-

 
GCs are the oldest objects in the Mi 12 

-
memory of their initial orbital This is a so-called relaxation time, of 
the order of 107 , GCs are old 
enough to attain u-

 neither significantly disturbed during the last pass 
the GC-GC 

  
The radial distribution of stars is crucial in determining the dynamic proper-

, this topic is beyond the scope of  It is the pur-
pose of this paper to present step-by-step reconstruction of the 3-dimentional 
radial distributio , from the 2-dimentional distributions 
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 u-
  a i-

i  

 

i-
al function for spatial distribution of stars in a GC, because the Gaussian distri-
bution may be considered as a standard radial-

 physical analogy is rele-
 

The diffusion phenomenon  initial distribution of any parti-
cle system - a-
tion parameter, 

n-
hen diffusing 

particles attract each other, the dispersion parameter, 
e-
n-

 

 a 
rather small correction only to the second and some
central statistical moment, because of rather high spherical symmetry of all the 

7,8] for 
rd statistical 

central moment is zero, and only significant moments remain the second i-
 

Consider a reference frame (x, y, z) 
cluster and the z-axis oriented out i-
bution of stars in the (x, y) plane being a small section of the celestial sphere is 

 This projection can be obtained 
butions 

are defined by a common parameter , due to GC sy  the probability 
x and x + dx s-

sion: 

  =  (1) 
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Similarly are defined dPy and dPz, hence the probability to find a star in an 
infinitesimal box of size dxdydz is:  

 = =  (2) 

that + + =   sin  

a-
dius r and r + dr
angular coordinates  and : 

  = = sin  (3) 

The number of stars, dNr r and r + dr is:  

 =  (4) 

dNr can be calculated from the total 
numbers of stars, N, in a considered cluster and its characteristic radius 

s for 2 
 

 = 4
 (4a) 

It should be noted at this point that for any spherically symmetric function 
f(r/s) s is a characteristic distance parameter, the fraction of stars of the 
total number N dispersed r and r + dr may by calcu-

ay: 

 =  , (5) =  1/[ ( ) ] is the normalization constant, and u = r/s  
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FIG. 1. The probability density functions f(x) = dPx/dx  

spherically symmetric functions as can-
Therefore, instead of 

f(x) = dPx/dx 
 = exp(-|x|/s c-

tion, = 1/(1+x2/s2)2   distri-
s to the Pearson type VII family probability 

 
The rationale for using the double exponential function is that the physical 

-proton inter-

2, 
and much larger fourth statistical moment, 4

 has a slightly larger 

c-
pt that it 

 
and their statistical properties are collected  functions listed in 

l 
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TABLE 1. Statistical properties of the normalized distribution functions f(x) considered 
in this study, 2 4 is the 4-
2 ( ) ] and 2 ( ) ] x = r/s  

Function Name 2 4 
2

21 e
x
s

s
 Normal or Gaussian 

2

2
s

 43
2

s  

1 e
2

x
s

s
 -exponential 22s  424s  

22

2

2 1 x
s s

  2s   

2

2

3 1
4

x
s s

 Pearson type VII 
2

2
s

  

2

2
( , ) 1

mxC s m
s

 l-
ized  m >2  

 
The  is a slightly modified function = 1/(1+r2/s2)

  
 the Emden’s polytropic gas 

 

  + = 0,  

 is the gas density, r is radial distance,  is the ratio of specifics heats of the 
gas, and b r2/s2)  is strictly 

 for   

rationale only, and it is not intimately related to the conditions of early gas nebula 
 

 treated as an adjustable pa-
 the  l-

 considered by m-
ple formula for replacement of the King’s radial distribution in spherical stellar 
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3 NS 

 x, y 
 by 

 

i-
 

sphere has radius r l
r Nr 

r = rn + ½ r -set 
of Nr, the spherical coordinates r and   
(rn, rn+ r) and (0, 2 he coordinate  
arcsin(  
(-

 
In the last step of the numerical procedure the Cartesian coordinates (x, y, z) 

of all the stars are calculated from the obtained (r, , c-
tion of the stars onto the planar surface x,y is made by setting z = 0 for all the N 

the parameters C, s and m in order to obtain the best agreement of the plotted 
oot-

mean-
distribution parameters is treated as the total number of stars, N  

 

TABLE 2.  

Name Radial distribution function 

Normal or Gaussian 
4 2

2
2

3
e

r
s

r dr
s

 

-exponential 
1
2

2

3
e

r
s

r dr
s

 

 4 22 2

3 2
1r r dr

s s
 

Pearson type VII 3
2 2

3 2
1r r dr

s s
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a x,y plane generated for N = 
7·104 to c-

b r-
tain amount of eccentricity is seen in the photo of a-

- M, core radius 
arc min, and half- - b/a a 
and b   

 

 a     b 
FIG. 2. a. The stars distribution in M13 cluster simulated by the Monte Carlo method, 

b  

 
FIG. 3. 

parameter, s 
the 

N 
It is seen 
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FIG. 4. 
Cauchy function 1/(1+r2/s2)2 
of stars and optimally adjusted s The ob  

 

x,y plane for N 
= 5·104 s, 
(i) Gaussian, (ii) double exponential, and (iii) 

C to obtain the same total number of 
stars (N = 5·104 s  
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FIG. 5. s in parsecs of a GC and 
m It is seen that the larger 

the smaller the radial extent of the outer 
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Although the obtained plots resemble a real-

s pa-
u-

 

TABLE 3. 

C, m, and s are parameters of formula (9) h-
od as N, is calculated 

 

NGC  
 C N m s [arcsec] s [pc] 

104   147100  30 
1851   4400  4 
1904     11 
2419   11700 2 25  
5024   17100   
5139   104100  200 
5272   20900  29 

   4500  100 
5824   1900  5 
5904   35000  35 

   13300  55 
   89400  75 
   3900 2 12 
   8300 2  
     55 
   7300  18 
   5400  12 
   13300  150 
      

 

directly related to the dynamics of the system, it seems to be not far from those 
Actually the c-

c-
u-
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ion in 
comparison to Gaussian or exponential function it appears to be most appropri-

 

10-12],  m 

t-
ing non- s and m   

- - n-
sidered in literature as ad hoc fitting function [13], in most cases it better fits to 

data than King 
-consistent in 

the sense that it produces a dynam  for the purposes of 
-  

 

5 S 

r-
 

Let us assume for this purpose that each star of a GC produces the same 

radiation flux density from a star at distance ri from a fixed point in the free 
space of GC can be calculated, using formula: 

 
2

2/1 AUi

ir
 (7) 

The total irradiation flux density  at this point is 
N

i
i N is total 

 of electromagnetic 
radiation determines the temperature T 

 and T is described by the Stefan–  

  = T4, (8) 

 in formula (8) is the Stefan–



20   

inside a modeled GC (by the Monte Carlo method) as a function of distance from 
its  

 

 
FIG. 6. 
from the center of 

 ich are plotted as 
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 S 

u-
-parameters function 

-  

 
2

2
( ) 1

mrf r C
s

, (9) 

s is the size parameter and m is related to 
 

-day radial temperature distri-
 The last one, be-

-
temperatures across GCs are meaningless in the astrophysical modeling of stars 

s action and 

 gas (prob-
ably the dominant component of the intra-cluster medium) by radio-astronomical 

ions of 15 pulsars in 47 Tucane yields ± -3 
is about 100 times the free electron density of the interstellar medium in the 

 

 

the 
m-

rom Los Alamos National Laboratory for correc-
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