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ABSTRACT 
Solutions to non-chira l  and chira l  color d ielectr ic models 
are d iscussed . The coupl i ng of g lueba l ls produces absolute 
quark con f inement and generates sel fconsistently a bag . 

* * *

We have heard in  Hanoj Baner jee ' s  ta lk a just i f icat ion of  
color d ielectr ic  models based on  the concept of  gluebal l  
exchange between quarks C l ] . The idea of color d ielectr ics has 
also been descr ibed by Ludwig Bayer and Mitja Rosina . Here I 
wi l l  d iscuss i n  some greater deta i l  the mean-f ield solut i ons to 
the color d ielectr ic  models of ref . ( 2 , 3 ) . 

We wi l l  cons ider two cases : one is  a non-chiral  toy model 
with quark and gluebal l  f ields only, the other ls a chiral 
model with quarks , glueba l l  and a and n meson f ields . In the 
f irst case the lagrangian is 

z = ii i� y, - � + !. ea x > 2 
- U Cx >X z µ 

( 1 )

wh�re x l s  the glueba ll  f ield related to r of ref . C l ]  through 
X = ( 1/gr + r ) , a is a coupl i ng constant of d imens ion ( mass ) z 

and U is a glueba l l  potent ial  parameter i zed i n  the fol lowi ng 
manner : 

t . .2 Z 
( 

, Z d 2 2) 
u < x> = i' " x 1 + c sn lr -2  J < xlrH > + c 1-611 lr J < xlrM > ( 2 )

The globa l min imum of U is  at x Q O ,  wi th the curvature g iven 
by the gluebal l mass M .  The other min imum o f  U i s  located at 

x = rH, wi th a hei ght of U ( yM )  = H4714 • The i nteract i on term i n



39 

( 1 )  breaks expl ic it ly the chi ra l  symmetry, hence the model 
cannot be treated real ist ically.  However , the toy mode l 
i l lustrates cleanly the ro le of  the gluebal l in  the system and 
we analyze it for this reason . 

To restore the chiral  symmetry one i ntroduces add it ionally 
the u and n meson f ields . The lagrangian has the following 
form: 

gyi C o+ir f • � > y,
:S 1 2 • 

----X---- + 2 ( 8
�

) - U ( X ) + Z( u, n )  , ( 3 )

where g is a coupl ing constant of  d imension ( mass ) and Z( a, t )  

i s  the l inear a-model lagrangian 

The constants are de f ined as 

c = F m2
n n ' ( 5 )

where m = 1200  HeV, m = 139  MeV and F = 9 3  MeV .  Lagrang iano n n 
( 4 )  leads to  spontaneous chi ral  symmetry break ing with the o 
acquir i ng a non-zero  vacuum expectation value <u> = -F .  The 

VQC ff 

term i n  ( 4 )  proport iona l to a breaks expl ic itly the ch ira l  
symmetry i n  order t o  give the pion i ts phys i ca l  mass . 

To construct a baryon we put three valence quarks,  coupled 
to  a color s i nglet , in a s i ngle space-spin-flavor state 
descr ibed by a spinor of  the form 

g ( t ) = 
A I s £> [ 
G ( r )  

] 
t3• r F ( r )  

, ( 6 )

Rad ial  f unct ions G and F are the quark upper and lower
components and lsf> i s  the spln-f lavor part of the wave 
funct i on . For the non-chi ra l  mode l ( 1 )  l s f>  does not have to 
be speci f ied , s i nce the interact i on is scalar- isoscalar . For 
the chiral model ( 2 ) it has a fami l iar hedgehog form 

l sf>  = 2-vz( l u.t.> - l <l f> ) ( 7 ) 

Correspond i ngly, the boson f ields are descr i bed by three rad ial  
f unct i ons : 

x = x< r > , u = u( r )  , � = r n(  r )  • ( 8 )
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The Euler -Lagrange equati ons fol lowing from ( 1 )  and ( 3 )  

are solved numer i cally .  The boundary cond itions at · t.he or igin  
are 

F < O >  = o ,  x< O >  c o , dO' 
ai< 0 )  = 0 , ,r ( O )  :c O • ( 9 )

At r __. m they fol low from the forms of  the asymptot ic 
solut i ons , which for boson f ie lds have standard Yukawa ta ils ,  
and for  the quark one f inds 

G ... F ... exp [-a/A Jdr ' r  ' exp ( Mr • ) ] .... exp [-a/A r2 exp ( Mr ) ] , ( 1 0 ) 

where A is  some constant . Thus G and F drop to zero  e xtremely 

rap idly, as a double exponent . This  behavi or r e flects the fact 
that there are no plane wave solut i ons in the system . An 
appropr iate boundary cond i t i on is  G = F as r _... m. 

Our numer ica l  solut i ons for the nonchi ral  and chi ral  
model s  are  shown in  f i g .  ( 1 )  and ( 2 ) ,  respective ly .  Authors o f  
refs . ( 4 -6 ) have a lso found soluti ons to  mode ls s imi lar to 
ours . We have chosen the fol lowing values of parameters in 

( 1- 3 ) :---, 
M 1 400 HeV, ( 39 

2 . 0 2 2 ,  . 040 f ig .  ( 1 )= a = HeV)  , r = T1 = 
M g 1400  . MeV, g = 112 MeV, r == . 0 2 2 ,  T1 = 0 f ig . ( 2 )

Near the or igin the x f ie ld remains c lose to the local minimum 
of the glueball  potential ( 2 ) . Around r s 1 . 5  fm it drops to 
the vacuum value of zer o . At thi s  point the e ffect ive quark 
mass , which is proporti onal to 1/x, tends to inf inity, and as a 
result the quarks are conf ined in  a se lfcons istently generated 
bag . 

The meson f ields in  the chiral solut i on do not depart 
. s ign i f icantly from the i r  vacuum values . The a f ield rema ins 
close to -F everywhere . The wind ing number of  the solution ,  

ff 

def ined as tan-s [ n( r ) /a (r > J l"::Q> , ls  equal to zero . This  ls in  r=o 
contrast to the chira l sol lton mode l ( 7 ) ,  where c, f l i ps the 
s ign and the wind ing number o f  the solution ls  equal to one .
The solut ion of f ig .  ( 2 ) reminds of  the Cloudy Bag mode l ,  where  
the chiral f ields are  bu i ld perturbati vely on the HIT  bag . 

We have ver i f ied stab i l ity of  the soluti ons to the 
nonch iral  mode l with respect to monopole vibrat ions us i ng a 
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general i zed RPA method C S J . Also ,  the Roper resonance in  color
d ielectr ic mode ls was examined C 8 J .

The energy decomposi t i on and some propert i es of the 
solutions are presented in Table I .  We note that the 
d imens ionless product o f  sol i ton energy and quark rss radius l s
6 . 7  for the nonchiral  model and 6 . 6  for the chi ral  model . 

Hence the solut i ons are too heavy ( or too large ) .  To cure this  
problem center o f  mass corrections have to  be  incorporated , 
and/or other degree� of  freedom have to be added ( e . g .  vector 
mesons ) .  CH correct ions are strai ghtforward to evaluate for
the valence quarks . The inclus i on of  sea quark and gluebal l 
contr ibut ions l s  a ser i ous problem, s i nce the mode l i s  
nonrenorma l i zable . Before  deal ing wi th the problem o f  CH
correcti ons one has to learn how to  treat quantum corrections 
i n  such models  in general . One has to bear i n  mind ,  however ,  
that the short d istance behavior has been " integrated out" in 
the approach of Nie lsen and Patka3 and thus bulk of  quantum 
effects may already be present in our mean- f ield treatment of 
the model . 

We note a very much improved value of  the p ion-nuc leon a 
commutator i n  the case o f  the chi ral  mode l .  This  quant i ty l s  
a n  important test o f  phenomenologi cal  models . The exper imental 
value is 25  MeV 

Summar i zing,  we have shown that the scenar io  in which the 
++ 0 glueball  l s  respons ible f or conf inement is poss ible . The

mode ls d iscussed lead to a sel fcons lstent quark bag format i on · 

and abs olute conf inement . 
* * *

References 
C l )  H . K .  Baner jee ,  these proceedings . 
( 2 )  H . K .  Baner jee,  Proc . of Workshop on Nuclear 

Chromodynamics, Santa Barbara, 198S, ed . s .  Brodsky  and E .
Moniz  ( World Scienti f ic ,  1986 ) .  

( 3 )  W .  Bron iowsk l ,  H . K .  Baner jee and T .  D .  Cohen,  U .  o f  
Maryland technical

° 
reports 5126-282  ( 19 85 )  and 5126 -29 8 

( 19 86 ) . 
( 4 )  A. Schuh and H . J .  P irner , Phys . Lett . 8173, 19 ( 19 86 ) . 
C S J A. G . Wi l l iams , L .  R .  Dodd and A.  W .  Thomas , U . of Ade laide 

prepr int 356/T24  ( 1986 ) .  
( 6 )  I .  Duck , Phys . Rev . 1>34, 1493  ( 19 86 ) . 



42  

( 7 J H .  c .  Birse and M .  K .  Baner jee , Phys . Lett . 1 368, 2 8 4  
( 298 4 ) ;  Phys . Rev . D31 , 118  ( 19 85 ) . 
s . Kahana , G .  R ipka and V.  Son i , Noel . Phys . A41 5, 3 5 1

( 8 J 

( 9 )  

( 19 8 4 ) .
w. Bronlowsk l ,  T .  D .  Cohen and H . K .  Bane r j ee ,  Phys . Lett .
8187, 229 ( 19 8 7 ) .
M . K .  Baner jee and J . B .  cammarata ,  Phys . Rev . D18, 4 0 7 8
( 19 7 8 ) .

Fi.g . S J'i.g. z 

1 . es-,---------------

1 . 00-;------

1.15 

e.se

--------------!_

9.25 

"·" e.s t.8 1 ,5 2,8 2.5 

r i.n fm r i.n fm 

F ig . 1 .  Solut ion to the nonchira l  mode l .  G and F in arbitrary 
units , � in units of its central value of  32 MeV. 

Fig . 2 . Solution to the chi ral  mode l .  G and F in arbitrary 
units ,  x in units of i ts centra l va lue of 42 MeV, q and 
n in  units of  F .  

ff 

Quant ity 

glueball  k inetic  energy 
glueba l l  potent ial e nergy 
meson k inet ic  energy 
meson potent ial energy 
quark e igenva lue 
sol i ton mass 
quark rms rad ius 
./'Fz / .r<r 
n-N s igma commutator

Table I 

Nonch i ral  Model 

80 HeV 
151 MeV 

2 2 4  MeV 

9 03  MeV 

1 .  46 fm

0 . 27
141  HeV 

Ch ira l  Model  

9 2  MeV 
101 MeV 
189  MeV

48 MeV 
355  MeV 

1496  MeV 

0 . 88 fm 
0 . 11 

26  MeV 




