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Abstract 

It is shown that the B=2 system of lowest energy in the +sigmf
model with quarks has winding number n=l  and occupied O , 1 
orbitals. 

We investigate the a -model Lagrang ian including massless quarks 

in the semic lass ical or mean-field approximat ion 1 ' 2
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We as sume the hedgehog ansatz for the meson fields
2 .... 

tt ( � )  = r h ( r )  and a ( � )  = o ( r )

and thus for cons i stency cons truct quark spinors as e igenfunc­

tions of the grandspin operator rJ = 1 + '3 and the pari t y  n ,  

label i ng them by G11
• Us ing the method of Post e t  al . 3 we have

solved the resulting equat ions of motion for different B = 2-

configurat ions 4 .  Alternatively we  have i nvesti gated a B = 2sys tem 

wi th vanishing pionfield tt = 0 ( SLAC Bag-ansatz )  by occuping the 

l s  orbi tal with s ix quark s . 

Fig . 1 shows that the B = 2-sys tem with lowes t  energy i s  ob­
tained for the Gn = o + and the 1 +-orb i tals , each f i l l ed with 

three quarks . The relat ively  large energy gap between the 

( 0 + , 1 + ) ,  ( 0 + , 1 - ) -systems and the ( 0 + , 0 - ) -solut ion is due to the

di fferent field con f i gurations . Th is  can be seen most obvious l y  

in the nonlinear l imit  ( A --t  oo ) , where the f i elds can b e  para­

meterized by the chi ral angle e ( r )  

o ( r )  = -F cos9 ( r ) , tt ( r )  = - r F s i n9 ( r )n n 
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and can be labeled b y  thei r  winding number n g i ven via  

8 ( r = 0 )  = - nn .

I n  . F i g . 2 .  we see that the fields of  the ( O+ , l
+ ) - and ( 0 · , 1 - ) ­

solut i ons have winding number n = 1 whereas the 

confi guration leads to meson fields with n = 2 .  Therefo r e  the 
+ -( 0  , O  ) - system has a s igni f icant ly h igher meson f i e ld ene rgy . Th i s

a l so shows that in  contrast t o  the pure skyrm i on mode l , where 
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Figur 1 :  Total energ ies of the di fferent B = 2sys tems as a 

func t i on of  m
0 

for g = 6 and mn = O .
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Figur 2 :  Quarkdens i t i e s  p ( r )  and chi ral angles e ( r )  i n  the 

nonlinear a -model ( A =  1 00 0  i . e .

m = 1 3 9 . 6  MeV . 

m = 1 3 1 . 5  GeV ) for g = 8 and a

n = B ,  the model with expl i c i t  quark degrees of freedom al lows 

for solut ions with n -,:. B .  F ig .  2 further shows that the chiral 

f ield of the ( o+ , 0- ) -s ystem reaches out very far , whereas the

quark dens i ty is concentrated in the i nterior of the bag . There­

fore , the ch i ral f i eld should dominate the long range behaviour 

and is therefore the rel evant f i e ld in  the low energy reg ion . I n  

contras t the non skyrmion- l ike sys tems ( 0 + , 1 + ; o + , 1 - ) have quark

dens ities  and chi ral angles  wh ich reach out equally far and 

cannot be effect ivel y  descri bed by the mesonfields alone . Thi s  i s  

further supported b y  the inve s t igat ion o f  the quark energ ies  a s  a 
+ -

funct ion of g .  Here we find that onl y  for the ( 0  , 0  ) -system both

orb i tals acqu i re negative energy and enter the D i rac sea , whereas

the 1 
+ and 1

--orbi tals of the n -;; B solutions remain pos i t i ve .

Thus appl ing the interpretat ion of Kahana and Ripka 1 , wh i ch says

that the skyrmion con tai ns an effect i ve description of the D i rac

sea polari zed by the intruder s tates , we see that for the o+ , 1 + -
+ -and O , 1 - systems onl y  the part of the baryon number coming from

the O+ - quarks can be s i mulated by cons ider i ng the meson i c
+ -sector . The effects of the 1 - and 1 - quarks however ,  cannot be

mapped onto a correspond i ng meson fi eld . I n  contras t ,  as we have
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+ -seen above , the O , 0  -sys tem for large g may be effec tively

desc r i bed by the pure mesonic  skyrmion-mode l ,  since both occupi ed 

orb i tals have entered the Di rac sea . 

In  conclus ion , we have found that the a-model w i th expl i c i t  

quark degrees o f  freedom leads to non skyrm ion-l ike solutions for 

the B = 2-system wh ich are lower in energy than the skyrmion- l i ke 

solut ions . These non skyrmion-l ike n "# B-systems seem to be a 

uni que feature of the model wi th expl ic i t  quark degrees of 

freedom , that is not contained in the pure skyrmion-mode l .  

Further work i s  l ikely to focus on the quest ion whether th i s  

feature of the exp l i c i t  quark deg rees o f  freedom i s  needed to 

describe experimental resul ts . More effort should al so be inves ­

ted in the treatment of the Di rac sea , s ince these correc t ions 

become i mportant for large coupl i ng cons tants. 
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