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The Bogoliubov model f o r  baryons permits us t o  inc lude  there-  

l a t i v i s t i c  e f f e c t s  i n  a f i r s t  approximation when we regard quarksas D i -  

rac p a r t i c l e s  i n te rac t i ng  among themselves through a cen t ra l  p o t e n t i a l .  

Further,  based on gauge theor ies  and the r e s u l t s  o f  charmonium model,we 

have assumed tha t  the po ten t i a l  i s  l i n e a r  and ra i s i ng .  I n  t h i s  work, we 

have shown t h a t  f o r  severa1 processes i nvo l v ing  baryons, t h e r e s u l t s  ob
ta ined by tak ing  r e l a t i v i s t i c  e f f e c t s  i n t o  account are b e t t e r  than the 

n o n- r e l a t i v i s t i c  ones. 

O modelo de Bogoliubov para os bar ions permite que e f e i t o s  re-  

l a t i v í s t i c o s  sejam introduzidos numa pr imei ra  aproximação quando os  

quarks são considerados como pa r t í cu las  de D i  rac i n te rag i  ndo através de 

um potencia l  cen t ra l .  Além disso, assumimos que o potenc ia l  é 1 inear e 

crescente baseados nas teo r i as  de gauge e no modelo do charmonium. Mos- 

tramos, neste t rabalho,  que nos vár ios  processos envo 

resultados obt idos levando em conta e f e i t o s  r e l a t í v i s t  

do que os resultados não r e l a t i v i s t i c o s .  

1. INTRODUCTIQN 

lvendo barions, os 

icos são melhores 

'We suppose tha t  a baryon i s  formed by the system qqq assuming 

tha t  there are  fou r  quarks (p ,n ,~ ,  p ' )  each o f  them appearing i n  three 

colours so tha t  the known baryons are colour s i ng le t s .  I n  otherwords we 

suppose tha t  the symnetry group o f  st rong i n te rac t i ons  i s  S U ( ~ )  63 Su(3) 

colour.  



I n  + p i t e  o f  many good p red i c t i ons  o f  the quark model, no f r e e  

quark has been observed. So, i t  must have a mechanism tha t  confines the 

quark ins ide  hadrons ( s t r i n g ,  bags, etc.) . Here we use a r a i s i n g  poten- 

t i a 1  between the quarks t o  conf ine them. The shape o f  po ten t i a l ,  assug- 

gested by quantum electrodynamicsl  and the l a t t  i ce  gauge theory2, i s  ta-  

ken t o  be l inear 3.  

However, the three-body problem i s  ra ther  complex and l i t t l e  

progress has been made f o r  the r e l a t i v i s t i c s  system qqq. As we are  i n -  

te res ted i n  a f i r s t  approximation we s h a l l  suppose t h a t  the quarks i n -  

t e r a c t  w i t h  one another through a mean cen t ra l  po ten t i a l  ( B ~ ~ o l i u b o v m o -  

de1l4.  Further,  we sha l l  make use o f  the a d d i t i v i t y  hypothesis. Of  cour- 

se, the r e s u l t s  are s t rong l y  dependent on the shape o f  the p o t e n t i a l .  

According t o  these ideas, the D i  rac equation fo r  the quark 

reads as 

so t h a t  

m * = m  + V  
4 9 

(2) 

can be taken as an e f f e c t i v e  quark mass. This i s  very i n t e r e s t i n g  i f  we 

do not  want a great  anomalous magnetic moment f o r  the quarks4. I n  Eq. 

(1) we s h a l l  use 

We s h a l l  study severa1 processes invo lv ing  baryons5 by so l v i ng  Eq. (1) 

and compare the r e s u l t s  w i t h  the n o n - r e l a t i v i s t i c  ones. 

2. THE WAVE FUNCTION 

I n  accordance w i t h  § I ,  we suppose t h a t  each quark i s  sub jec t  

t o  a sca lar  po ten t i a l ,  g iven i n  Eq. ( 3 ) ,  so tha t  the quark wave func t-  

ion  Y(?) s a t i s f  ies the Dirac equat ion 



By using t:he usual decornposition i n  spher ical  coordinates, i t  r e s u l t s i n  

so tha t ,  we get  the fo l l ow ing  system o f  coupled d i f f e r e n t i a l  equations 

For convenience, we def ine  the l i n e a r  combinations 

so tha t ,  fa r  the ground s t a t e  (K = -11, we have 

1 X f  - ( a +  w ) x =  ( E -  - )Y r 

where a = m - vo. 

F o r  c o n v e n i e n c e ,  we mul  t i p l y  t h e  asy rnp to t  i c  so lu t i on  

exp(-clr2/2) by the f a c t o r  exp(-ar) so tha t  

~ ( r )  = x ( r )  exp(-ar2/2 - ar) 

~ ( r )  = y( r )  exp ( -w2 /2  - ar) , 

where x ( r )  and y ( r )  a re  ser ies  i n  powers o f  r. The d i f f e r e n t i a l  e q u a t -  

ions f o r  X(P) and y ( r )  are giveq by 



Writing 

we get the recursion relations for p and qn , n 

pn+ i = + BnpnVl 

and 

nqn = - Pn 

where 

Supposing that the solutions are quadratically integrable,the 

coefficient p must tend to zero when n goes to infinity. Defining 
n 

and dividing ~ ~ . ( l 2 a )  by pn we get 
B 

bn " n 
-A +b 
n n+l 

The last equation i s  an infinite continued fraction for bn. When n goes 

to infinity, we have 



I t  can be shown tha t  on 

the convergence i s l i ke 

b n + f  J2dn, n + m  

l y  the a l t e r n a t i n g  ser ies i s a convergi ng one and 

I n  order t o a p p l y  the i n f i n i t e  continued f rac t i on ,  Eq. (151, we must 

t runcate i t  i n  a g iven term bN so tha t  bN = bN+]. This cond i t ion  gives 

the s o l u t i o n  f o r  bN.  

Using t h i s  bN i n  Eq. (15) we ob ta in  the pn and we have the cond i t i on  

which the parameters a, a and E must s a t i s f y  so t h a t  the ser ies  x ( r )  and 

y(r) are  qiuadratical l y  integrable.  O f  course, i f  pn converges 
> 4n 

a l so 

converges. 

3. APPLICATIONS OF THE MODEL 

3.1 - Magnetic Moments 

I lsing the Bogoliubov model f o r  hadrons, we work w i t h  theener-  

gy o f  bouncled quark instead o f  i t s  f r ee  mass so tha t  we have a decrease 

i n  the anonialous magnetic moment o f  the quark. I n  t h i s  model we have" 

where 

2 & = -  /p2 ( r )  ar 
/(F~(P) + ~ ~ ( r ) ) d r  ' 

I t  must be observed tha t  the p o s i t i v e  term 6 i s  a r e l a t i v i s t i c  co r rec t -  

ion. 50, the n o n- r e l a t i v i s t i c  magnetic moment i s  decreased and i t  tends 

t o  the experimental value. 



I n  t h i s  work, i n  order t o  ca l cu la te  the quan t i t y  6 we f i x  the 

baryon mass and use the continued f rac t ion ,  ~ ~ . ( l 5 ) ,  thus obta in ing  a 

r e l a t i o n  between the parameters a and a. For example, f o r  the proton we 

ge t  the graph i n  F i g  .l . Then, using Eq. (201, we can ca l cu la te  the pa- 
6 

rameter 6, and ob ta in  the graph i n  Fig.2 . F i t t i n g  the magnetic moment 

o f  proton (v  = 2.793v), we ge t  6 6.9 x 1 0 - ~  and a = 2 .3463~10-~  G ~ V '  . 
P 

So, we assume tha t  a, t h a t  i s  the i n c l i n a t i o n  o f  the po ten t i a l ,  has the  

same "alue fo r  a l l  representat ion 20 o f  S U ( ~ ) .  The q u a n t i t y  a i s t h e  

symmetry breaking parameter and var ies  w i t h  the p a r t i c l e  mass. With t h i s  

value of IY. we can ca l cu la te  6 and a f o r  a l l  p a r t i c l e s  g e t t i n g  the re-  

s u l t s  shown i n  Table 1. The magnetic moments are presented i n  Table 2. 

Note the decrease o f  the magnetic moment compared w i t h  the non - r e l a t i -  

v i s t i c  ca lcu la t ions .  We a l s o  observe t h a t  the co r rec t i on  decreases w i t h  

the increase i n  the p a r t i c l e  mass. 

Graph 1 - Re la t i on  between parameters a and a f o r  the pro ton 

Graph 2 - Re la t i on  between parameters 6 and a fo r  the pro ton.  



Table 1 - Values o f  a and 6. (I) - T h i s  v a l u e  i s  f i t t e d  

u s i n g  p r o t o n  magnet ic  moment. 

Table 2 - Magnetic Moments. a) ( c a l c )  - a r e  t h e  magnet ic  moments c a l -  
B 

c u l a t e d  i n  t h i s  work. b) p B ( ~ R )  - a r e  the  n o n - r e l a t i v i s t i c  va lues.  c)  

v (exp) - ai-e t h e  exper imenta l  va lues '. d)- y (Rein) a r e  t h e  va lues c a l -  B B 
cu ted  i n  r e i Z . ( 5 ) .  ( I )  - Th is  v a l u e  i s  f i t t e d  u s i n g  t h e  p r o t o n  magnet ic  

moment. Magrietic moments a r e  g i v e n  i n  u n i t s  o f  n.m. 



3.2 - Leptonic Decays 

Using the add i t i v i t y  hypothesis, we cons i de r  the lep ton ic  de- 

cay B + B' + R + < tak ing  i n t o  account the const i tuent  quark decay q-'+ 
7 + R + ; . Using Eq.(20), we get  f o r  the r a t i o  GA/Gv 

where ( G ~ / G ~ ) ~ ~  i s  i t s  n o n- r e l a t i v i s t i c  value.Ifwe usethe va luesof  6shown 

i n  Table 1, we ge t  the values o f  Table 3. Note the tendency o f t h e  re-  

s u l t s  t o  approach the experimental values, i n  comparison w i t h  the non- 

- r e l a t i v i s t i c  ones. 

Table 3 - Rat io  GA/Gv. a) ~ ~ / G , ~ ( c a l c )  are the values ca lcu la ted i n  t h i s  

work. b) G /G (NR) are  the n o n - r e l a t i v i s t i c  values. c) G ~ / G ~ ( ~ X P )  are 
A V  

9 
the experimental values. d) ~ ~ / G ~ ( w e l l )  a re  the r e s u l t s  using a well po- 

t o  
t e n t i a l .  

Process 

N - +  P + e + v  

h-+ P + e + v  

C +  N + e + v  

3.3 - Strong Decays 

Considering tha t  the emmi ted p ion  i n  the s t rong process B-+Bf+?r 

has a srnall rncment, we ge t  the r e l a t i v i s t i c  co r rec t i on  f o r  the w id th7 

~ ~ / ~ ~ ( c a I c )  
--- 

1.437 

0.887 

0.895 

GA/GV(NR) 

1.667 

1 

1 

GA/GV(exp) 

1.250 + .O09 

0.66 I 0.05 

0.435 + .O35 

- - 

GA/Gv (we 1 1 ) 

1.40 

0 .66 

- 



where rNR i s  the n o n - r e l a t i v i s t i c  w id th  and 6B i s  the value o f  6 f o r  the 

f i x e d  baryon B .  Using the values o f  6 frorn Table 1, we ge t  the widths 

shown i n  Table 4. Once more the r e l a t i v i s t i c  r e s u l t s  a re  rnodif ied i n  the  

co r rec t  d i r e c t i o n .  

3.4 - Mean Square Ratio 

I f ?  i s  the quark p o s i t i o n  i n  r e l a t i o n  t o  a reference frarne 
9 

then the center  o f  rnass o f  baryon i s  g iven by 

Process 

+ A * + P + T  

C-(1386) + A +a- 

~ ~ ( 1 5 3 0 ) - +  8' + n  

and the distance o f  quark 1 

-+ 
r1 - ? 5 =  

Table 4 - Widths f o r  st rong decays. a) r (ca1c) are  the widths c a l -  

culated i n  t h i s  work. b) ~ ( N R )  are the  n o n - r e l a t i v i s t i c  values. c) 

I'(exp) are the experimental va l  ues
q . 

r(ca1) 

80.747 

35 3 9 8  

7.968 

r (NR) 

74.078 

31.876 

6.966 

Then, the mean square r a t i o  

r (exp) 

110. - 120 

35 '2 

9.1 + .5 

Since the wave func t i on  f o r  

we have 

1 - + $2 + $3)  
3 

(23)  

from the center o f  rnass i s  

i s 

- ;h,z + (g2 - a 2  + (G3 - a2>. (25) 

the ground s t a t e  i s  i s o t r o p i c  and symnetric 



Using the l a s t  equation, we have obtained the numericai resu l  t s  p r e s e n -  

ted i n  Table 5 .  Note the near constancy of the msr w i t h  mass. The expe- 

r imental  value f o r  the proton i s  0.92 + 0.03 Fermi. 

1 /2  1 r (Fermi) 

4. CONCLUSION 

A: (2260) 

The model presented here i s  a t t r a c t i v e  because o f  i t s  s imp l i -  

c i t y  and re ta ins  the ideas o f  confinement, l i n e a r  r a i s i n g  p o t e n t i a l  and 

r e l a t i v i s t i c  e f f e c t s ,  consider ing quarks as D i rac  p a r t i c l e s .  O f  course, 

i t  rnust be considered on ly  as a f i r s t  co r rec t i on .  The r e s u l t s  i n d i c a t e  

t h a t  the r e l a t i v i s t i c  cor rec t ions  improve the agreement o f  the r e s u l t s  

w i t h  the experimental values, as compared t o  the n o n - r e l a t i v i s t i c  ones. 

0.7164 

Table 5 - Mean Square Rat io.  



APPENDIX 

Here we g i ve  the i n teg ra l s  o f  F(r) and ~ ( r )  t ha t  appears so 

o f t e n  i n  the ca lcu la t ions .  Using Eq. (11) and Eq. (9) i n  Eq. (7) we get  

Where 

Squaring Eq. ( ~ . 1 )  and grouping terms wi t h  the same power, we get  

Therefore, the i n teg ra l s  t o  be ca lcu la ted are 

which are c y l i n d r i c a l  parabo l ic  funct ions,  ~ ( a , z ) , ~  so tha t  

The normal izat ion in tegra ls  are 

To eva l ua te the mrs, we mus t use the in tegra  1 s  
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