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ANALYSIS OF TWO SPECTRAL LINES WITH GAUSSIAN 

PROFILE BY USING PHOTON STATISTICS. 

COMPARISON W I T H  OTHER PROFILE SHAPES. 

M.P.Caqiqa1, F.Gonz6lez 

Depar tamento  d e  O p t i c a  y E s t r u c t u r a  d e  l a  Materia 

F a c u l t a d  d e  C i e n c i a s .  Universidad d e  S a n t a n d e r .  

39005  S a n t a n d e r .  S p a i n  

ABSTRACT 

I n  t h i s  p a p e r  w e  s t u d y  t h e  b e h a v i o r  o f  t h e  errors 

i n v o l v e d  i n  t h e  d e t e r m i n a t i o n  of t h e  p a r a m e t e r s  c h a r a c -  

t e r i z i n g  t w o  s p e c t r a l  l i n e s  w i t h  G a u s s i a n  p r o f i l e  by 

means of t h e  measurement  of t h e  i n t e n s i t y  c o r r e l a t i o n  

f u n c t i o n  g ( 2 ) ( T )  and by a m u l t i c h a n n e l  sys tem.  The re- 

s u l t s  o b t a i n e d  w i t h  b o t h  methods a re  compared. W e  a l s o  

compare t h i s  r e s u l t s  w i t h  t h o s e  o b t a i n e d  when t w o  l i n e s  

w i t h  L o r e n t z i a n  p r o f i l e  are a n a l y z e d .  
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604 CAGIGAL AND GONZALEZ 

I.- INTRODUCTION 

A procedure which is frequently used to improve 

the signal to noise when a light beaT is being analyzed 

consists of repeating the experiment periodically and 

using a multichannel signal analyzer. When the intensi 

ty of the signal is very weak a photon-counting multi- 

channel analyzer can be used. But there are other tech 

niques which can also be used to process the signal. 

Photon statistics, in particular, is a powerful tool 

when light beams with fluctuating intensity are beinq 

This technique can a l so  improve the signal 

to noise ratio when a deterministic signal is obtained 

’. In previous papers we used this technique to study 
the characteristics of light beams which are periodic2 

lly repeated and applied it to some spectroscopic expp 

r imen t s 4-5 -6 -7  

In a work which will be published in 

Applied Spectroscopy in the September - Octuber 

1986 issue, we analyzed two spectral lines with LO- 

rentzian profile hy  measuring the normalized 

intensity correlation function, g(2) (TI, and by using a 

photon-counting multichannel analyzer. The behaviour 

of the errors involved in determining the width, sepa- 
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TWO SPECTRAL LINES WITH GAUSSIAN PROFILE 605 

ration and relative heights of the two Lorentzian li- 

nes was studied. 

In this work we have studied the behavior of the 

errors involved in determining the parameters (width, 

separation, and relative height) which characterize 

spectral lines with Gaussian profile by measuring 

g(2)(T) and by using a multichannel system. The results 

obtained with these two methods are compared. A Voigt 

profile (the convolution product of a Lorentzian and 

Gaussian profile) appears in many spectroscopic expe- 

riments: however, it is very difficult to characterize 

spectral lines with this profile directly because of 

the complexity involved in handling them numerically. 

We can now characterize each of the factors contribu- 

ting to the Voigt profile by using the results repor- 

ted in this paper and those obtained for Lorentzian 

profiles . 

11.- METHOD 

Let us consider a light beam whose spectrum has 

two lines to be analyzed. We shall assume that the two 

lines have Gaussian profiles and the same line-width. 

If the spectrum is periodically scanned the variation 
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606 CAGIGAL AND GONZALEZ 

P P+t, P + to+ t , t 
to  to+ 0 

Figure 1.- Intensity I as a function of time t when 

scanning a two-line spectrum repeatedly with a period P. 

of wavelength with time having a sawtooth profile with 

period P we will obtain a light beam with a periodic 

intensity I(t) (Fig.1). 

If a digital correlator is used with a counting 

time T, N samples of the number n(ti, T )  of photopulses 

in a time interval (ti, ti + T )  are made in a nonsynchro 
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TWO SPECTRAL LINES WITH GAUSSIAN PROFILE 607 

nized way and the normalized intensity correlation funs 

tion 

( j  = 1, 2, . . . I  L) (1) 

is obtained for L channels. This function can be obtai- 

ned theoretically from the expression 8 

The unknown parameters can be determined by fitting 

the measured values of g(2) (T) to the theoretical ones. 

If a photon-counting multichannel analyzer with a 

counting time T is used and Oi(i=1, 2, 3 r . . . r  L; 

O<Bi< P) is the instant when the ith channel starts the 

measurement of the values of n(ti,T) is synchronized 
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608 CAGIGAL AND GONZALEZ 

with the scanning process for M periods. Then, all the 

values that correspond to the same channel are averaged. 

By fitting these results to the calculated values of 

W(ei,T) the unknown parameters can be obtained. 

In a work which will be published in Applied 

Spectroscopy in the September - Octuber 1986 issue, 

we performed an experiment in which we proved 

the validity of the computer simulation method. 

This method consists of simulating the 

signal that is obtained from a digital correlator or 

from a photon-counting multichannel analyzer system, 

when analyzing a light beam with an intensity like that 

shown in Fig. 1. This was done by simulating values of 

n(t,T) from the values of I(t). To obtain the values of 

n(t,T) the time interval T was divided into several 

subintervarls in order to ensure that I(t) was constant 

in each subinterval. Then a Poisson8 generator could be 

used to simulate the number of photoelectrons which co- 

rrespond to each subinterval. The value of n(t,T) could 

be obtained by adding the results for the corresponding 

subintervals. From the simulated values of n(t,T) we 

obtained values of g(2)(T) and values for the signal 

that would have been obtained by a multichannel analy- 

zer. 
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111.- RESULTS AND CONCLUSIONS 

609 

W e  s t u d i e d  p e r i o d i c  i n t e n s i t y  p r o f i l e s  l i k e  t h o s e  

shown i n  F ig .  1 f o r  d i f f e r e n t  v a l u e s  of t h e  ha l f -wid th  

( A t ) , t h e  r e l a t i v e  h e i g h t  ( h  = h2/hl)  and t h e  s e p a r a t i o n  

( t l )  of  t h e  two l i n e s  ( w e  have assumed t h a t  to = (P - 

- tl ) / 2 .  

The mean i n t e n s i t y  w a s  100 p h o t o p u l s e s  p e r  p e r i o d .  

W e  used  a coun t ing  t i m e  T =0.02p f o r  A t / P  > 0 . 1  and 

T =O.OlP f o r  A t / P  = 0 .1 .  The s i m u l a t e d  v a l u e s  w e r e  

c a l c u l a t e d ,  t a k i n g  t h e  exper iment  t i m e  e q u a l  t o  200P. 

From e a c h  series of  measurements t h e  v a l u e s  ofAt/P,  h 

and t l / P  w e r e  o b t a i n e d .  By r e p e a t i n g  t h i s  p r o c e s s  t e n  

t i m e s  t h e  v a l u e s  of t h e  r e l a t i v e  errors invo lved  i n  t h e  

d e t e r m i n a t i o n  of A t / P  (e , ) ,  h ( eh )  and t l / P  ( e  

were e v a l u a t e d .  The r e s u l t s  a r e  shown i n  Tab les  1-111. 

tl 

The behav io r  of  t h e  e r r o r s  i s  rough ly  t h e  same 

f o r  t h e  two t e c h n i q u e s ,  keeping  i n  mind t h a t  t h e  errors 

invo lved  i n  measurements made by a c o r r e l a t o r  sys tem 

a r e  s l i g h t l y  g r e a t e r  t h a n  t h o s e  co r re spond ing  t o  a mul- 

t i c h a n n e l  a n a l y z e r .  The change i n  eA when tl, h and 

A t  v a r y  a r e  small. The v a l u e s  of e d e c r e a s e  as tl or 

h i n c r e a s e s  : t h e y  d e c r e a s e  when A t  d e c r e a s e s .  The vg 

l u e s  o f  eh d e c r e a s e  as tl i n c r e a s e s  ( e x c e p t  f o r  l a r g e  

tl 
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v a l u e s  of  t l ) ;  t h e y  d e c r e a s e s  as  h i n c r e a s e s .  When a 

correlator  i s  u s e d  eh i n c r e a s e s  as  A t  i n c r e a s e s ;  for 

a m u l t i c h a n n e l  s y s t e m  eh c h a n g e s  l i t t l e  when 

r i e d .  

A t  i s  VG 

If w e  compare t h e  v a l u e s  of e A  , e and eh ob- 
t 1 

t a i n e d  f rom a m u l t i c h a n n e l  s y s t e m  w i t h  t h o s e  o b t a i n e d  

from cor re la tor ,  w e  may d e f i n e  

e r ro r  i n  a from g(2)(z) 

error i n  (Y from m u l t i c h a n n e l  a n a l y z e r  
fa= ( 4 )  

The r e s u l t s  are compi led  i n  Table I V .  

I t  c a n  be o b s e r v e d  t h a t  A t  and  tl ( e x c e p t  f o r  

l a r g e s  v a l u e s  o f  t l )  c a n  be o b t a i n e d  w i t h  a smaller e- 

rrors when o b t a i n e d  f rom a c o r r e l a t o r  t h a n  when o b t a i -  

ned f rom a m u l t i c h a n n e l  a n a l y z e r .  The o p p o s i t e  o c c u r s  

f o r  h .  

C o n s e q u e n t l y ,  t h e  measurement  o f  g ( 2 )  (7) c a n  b e  

c o n s i d e r e d  as a n  a l t e r n a t i v e  t o  t h e  t e c h n i q u e  b a s e d  o n  

u s i n g  a m u l t i c h a n n e l  a n a l y z e r  when s p e c t r a l  l i n e s  are  

b e i n g  a n a l i z e d .  
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The results reported in this work are basically 

the same as those obtained for an intensity composed 

of two spectral lines with Lorentzian profile . There- 
fore, the behavior of the errors involved in analyzing 

t w o  spectral lines with Voigt profile is expected to 

be similar to those obtained in above-mentioned profi- 

les studies. 
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