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1. Introduction 

It ia generally accepted that QCD is the underlying theory Df 
strong interactions. Yet, as far as low energy hadron dynamics is 
concerned, the eviàence for this is mainly qualitative and comes 
largely írom considerations Df QCD in the limit Df large numbers Df 
colours N. In fact a detailed analysis Df QCD-diagrams in the 1/N 
expansion resulted in tbe conjecture that QCD ia equivalent to an 
effective chiral field theory involving only mesons/1,2/. Such an 

idea ia in agreement with the well known concluaions Df the current 
algebra era that low-energy properties Df hadrons are successfully 
described by effective chiral Lagrangiana. Moreover, it wae Df great 
importance to recognize that realistic effective Lagrangians should 
respect the Ward identities following from tne global symmetries Df 
QCD including chiral anomalies. 

An important step towards the construction Df the effective had
ron Lagrangian has recently been provided by Witten/3/ who worked 

out. the topological structure of t lre an omaLoue iVess-Zumino action/4/ 

and showed its connection to Skyrme's pioneering work/5/ where bary
ons are considered as topological solitons {"skyrmions"J of a non-li
near chiral meson Lagrangian. ~itten's work also renewed interest in 
the construction ,Df complete low-energy effective Lagrangians inclu
ding vector and axial-vector mesona, deàuced in accord with the gene
ral principIes dictated by QCD/G/. The ultimate purpose is, Df course, 
to derive the full meson Lagranf,ian directly from QCD by inteerating 
out the quark and gluon fields. Since the corresponding bosonization 
program is however extremely complicated in four dimensiona due to 
the non-abelian character Df the gluon iriteractions, it seems reaso
nable to investigate simpler "superconductor" quark models of the 
Nambu-Jona-Lasino /NJL/ /7-10/ t ype , 'McdeL'l i ng the important pro

perty Df spontaneous breakdown Df chiral symmetry in QCD, supercon
ductor quark Lagrangians are expected to represent 
mationa" to QCD in the low-energy :region. 

The purpose of thiB talk is to illustrate the 
bosonization Df a superconàuctor quark model using 
nential parame~rization Df the chiral field/9/ . We 

"cert!3in approxi

path-integral 
a convenient expo
ahall show that 

the resulting effective'meson Lagrangian includes not only the com
mon kinetic Bnd ·int~raction terms but also quartic derivative terms 
Df the Skyrme-type as wel1 as the gauged Wesa-Zumino term.Moreover, 

we ahall review the consequences Df the arising new "fine-structure" 
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derivative terms for meson phyaica a8 well a8 for the ~roblem Df the 

skyrmion stability and the N-N potential. 

11. The effective chiral hadron LaBrangian 

11.1 Definttion8 

Let us consider the following superconductor quark Lagrong1~n of 
strong interactions which i8 invariant undor global oolour SU(N) 

aymmetry 

:f = q(iP-Wio) i + 2. GA [eq C; '15 + (9 ,itS"fqt} 
3 {C 2. ( 2.1 (1)

-2Gz.6 CfIP"fq) + ~vt!>~q) j' 
,(,=0 

wbere q denote. tbe quark opinor (.ummation over eolour indine. i. 

understood) and~; are the generatore of the,fla
v our 

p,roup SU(2), 
To;: -1l • G and G are univeroal quark eoupling oonotanto witb 

1 2dimeneion (length)2. In (1) we admitted explicit breaking of obiral 
SU(2) x SU(2) eymmetry by a bare quark mass fio•To boson1ze the the

8,9/
ory (1) we follow the atandard procedure/ and introduoe oollec

tive meBon fielda in the generating functional of Green'B funotiona 
corresponding to (1). The action becomea then bilinear in the quark 
fie1de and quark integration becomea trivial. Tbia leada to the fol

lowing effective meaon Lagrangian*) 

,t(M,VIA) =- - lf~;t,.. (M-Wio/(M-Wio) 
z, 2 J O /)( (2) 

.1- t-r ( V,AA + Ar) -,.i N f.",Á..!;t i .v · 
4G2 

where 

i. 7J =- ,i (~ + Y/ + /f.. "{') - ('fi, M + ti. M+) (J) 

ia tbe Dirae operator with eolleetive field. M,V and A and ~RIL ~ 
=-t(-I ± 'tI» are ebiral rigbt/left projeetoro. Tbe laet term in (2) 

ie duo to tbe quark determinant (:Det,iJ?l )N a exp N K- ,1'", .i ;I'l 
and we' used the matrix notation 

i ~ 
:1: .. 

i5 'we use the notation 11- = rdlt~-t/, -lr' = -ét:õ t:t, where -1:..,. denotes 
1 
1the flavour trace. J' 
I 
t,2 

Vr =: -,i(Wp ~ 
.fv1 = S + ,\. "P 

Here( Wf-l , §J-' 

..,. ~ ~ -? 

+~f'I) ) A~= -j (A:o~~ +AA~ B 
-7

Co .~t: 
=: S .2. + Á- P2.. . (4) 

) and ( AJ)I'" ÂA~ ) denote the iaosinglet and 
iaotriplet vector and axial vector field~, reapectively. It i8 
convenient to introduce the following polar decomposition Df the 
complex matrix M which comprises the acalar (S) and pseudosclar (p) 
fields 

Mele") = (J(~), u (~), (5 ) 

where the chiral field tA (~) ia parametrized by the (would be) 
Goldstone fielda of piona 

2-i1((JCoYF
U(>t:') = e j((1(:) := ir (x') I (6 ) 

with F= being the (bare) pion decay constant, and E>(~) is the 
field of the \) -particle. 

.The ef'f'éc t í.ve meaon field theory defined by eq , (2) has been 
atud1ed in tbe limi t of a large number of coloura, N~~( G,.i N fix /9/. 
In thia limit the meson functional integral 1a dominated by the ata

tionary point U:=.{ , Vr == Af'I= O, 6õ =. m .ith »1 be í.ng the to
tal (conatituent) quark maas which is determined by a Schwinger
úyson equation. The main taak ia then to evaluate the quark determi

nant in (2). In thia context i: ia worth :em~rkin~ that the modulus 
of the quark detenninant I I>et-t~ I:: (Dei ,t~(-<~)+) ra invariant un
der chiral transformation of the Dirac operator ,{)'J7 -<:)5e.v a CU .(," CO 

'-?-? S 
0Co .. exp(-A., 6( 'L Õ ), but not i'ta phase which ia related to the 

gauged Wesa-Zumino action• 

11.2 Extended Sky~e Lagrangian 

The modulus of the quark determinant is conven1ently oaioulated by 
using the proper time regularization 

f-VL (Dei cJ?5/ N = fi R-lvt )'+]5 ~ 
(7 ) 

3 



<;)O 

t{ S o/..-r- - ~"'VCi 
;Z -r- ~ e ,4/1:""

:= 

Afl\z. 

and performing a heat kernel expansion which essentially yields a 
derivative expansion of I ])et,i 'J'>l • To facil1 tate the d í.acuaaf on 
1et us for a moment d í.ec ar'd the V,A and (j) fie1ds (o=6õ -r <1' ). 
Introdueing the left group current Lft ='(&,.uU)U t- and d1soardlng 
a sixth order derivative term, we obtain, after some field ronorma
lizations,the fol10wing extended Skyrme Lagrangian/9/ 

:f = ~ (2) +- ';fUI) +- ;t; SB (o) 

Here 
:fez) = - !§/ -& L; e ( I;-~ q3 Mel!) (9) 

ia the kinetic term of the ehiral field, 

;[-4): 3~1r2 -ç,-[r Lf') L,vt + Z (L.f<L"'l- H~L -')'J (10) 

are fourth order derivative (IISkyrme ll ) terms and 

:fS13 ;: ~ f:irZ fv1: &- (U lo U.,.-2 ) (11 ) 

is a cbiral symmetry breaking term. 
The f\rst term in the eurly braeket in (10) ie precisely the tcrm 
originally introdueed by Skyrme/5/ to atabilize tbe bar,yon ae a 
soli t on, If we identify i te eoefficient "'(32 e2. defined in ref. 
3 with (ti/3l ) fV/tt2Jf2. we find for N=J e = Y/l2j,./1l=2Jr to be eompared 
witb the value ~ =5.45 obtained from fitting the nueleon and delta 
masses/3/ . Note that the atrueture of the quartic derivative terms 
in (10) and tbeir numerical coefficients are model-independent and I
uniquely determined by the beat kernel expansion. Our resulta are in .! 
agreement with otber approaohee/11 ,12/ where analogous investigations 
of fermion dete~inants have been performed. The fact that tbe 
coefficients in (10) are 'independent of the cut-off" and of 
tbe quark masses is ver,y reminiBcent of anomaly-related effective 
in~eraction8. Indeed, the quartie derivative terms in (10) have in
dependently b~en derived.from direet integration of tbe so-ca11ed 
"non~topologieal" part of tbe eniral anomaly/12/. It is, bowever, 

,~ ~ 

worth mentiorting that our approach leads to a logarithmically di
vergent coefficient (if 1\..,00 ) af the kinetic meson term and not 

ti
4 

Ji
'ir 

to a quadratie divergence. Tbe renormalized pion decay eonstant is 
then l='K = O(w. V.l'1 ~) and not Fi- = O (Ã) yielding a larger eut
off I\:z... 1 GeV/

8,9/ 
to be eompared with the ~ower value Ã 

:::.2JrFi-/rN""" 340 MeV or otber WOl:'ks/11,12/:," 

For eompleteness, let UB alBo quote the Noether eurrent asso
ciated with the extended Skyrme Lagrangian (8) 

1,.i _ ICZ),i ICY-)"i
â/": - OpL -I- d,/A L (12 ) 

7(2,);' 
(jpL =..{, t;/-tr ~ i.: 

.2. J 

$::: =feJr([L~ "?!][4,L. vJ -{ ~ I ~J CL" 

-2(~ O~ - [~ ,Lr]) oVL y ) . 

The right eurrent ~~g la obtained from (12) 
by BUbetitutingLf<""''';' R~ =-U~U. Fina11y, the v ec t or- and axial 
veetor fic1ds areeasily 1ncluded into (8) by replaeing a lA.
 

riant derivative V'I<- LA ',iA by the 5 L{(2)-eova

d,u u ~ ~ u ~ (C>~ T [ ~ *J + [A I }to J ) u 
(13 ) 

and adding some non-minimal terms/12/. This yields, for example, 

;/!~--'"/ ~~) "'.J6rz -& [i ~u (~ulj7"ú(l7 yut - (~(,l (\7....u..)/ 

+- ~zU.(\7" 2.(,{)+ .. 2. r;..~ \7f<u (\7YU)'" -I- 2 ~~('V"'lAt V~ll 

+ ~vLU F'r<;«vu i- J 
with the notation 

~~ = ()p.A~ -dvA'; -I- [A;',A;J, eie.. (14) 

11. Chira1 anomal 
Wess -Zumino aetion 

The gauged WZ-action 
1B related to the phaae of the quark determinant. In faet, it 18 
obtained from integrating the variational equation/9/ 

~-d-e-n--ot-e-s--b-ere the cut~ff Df the proper time regular1zation (7) 
whereaa the eut-off seale A introdueed in toe reBularization Beheme 
of' r ef , 12 ia a bound on toe eigenvalues of toe D1rae operator. 

5 
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i Nó[1~ Ti- JVl~)'t,1= - Tf-(ÓW(A'+ H,,/" Ó(.o)G(V~A'j15) 
UA1z.between. W =1 and CJ where G(V,A) ia the minima1 Bardeen:I 

anoma1y/13/ and i Jl5{,.:J ,Ve.v , AW are the chirally rotatod 

Dirac operator and vector 01' axial vector field8, respectively. The 
integration of tbe chiral anomaly ia ea8i1y performed using differen14 
tia1 geometric methoda and yielda precisely the gauged WZ_action/ / . 
Remember tbat tbe WZ-action leads to interesting physioal ooneequen·· 
caa and ia reaponsible in particular for the Bc-oalled "anoma.loua" 

decays_and reactiona I,:-ke :JT0
;, 20" W....,. 3.11 ,K-{--;p r.1fe+

v 
or 

1(+-1( .." 3"" ,:rr+:fr? ~ .n :;r-. etc. Moreover, !ta pr-ce eno o in 

the Lagrangian for akyrmion physi.ce ensuree that the Bo1ut10n must 
be quantieed as a farroion if N ia odd, and as a bOBon if N ia 

even/3/ • 

111. Physical app1ications 

111.1. Meson s~ 

a) 9frr, 1rK acattering \ 
ILet US wri ta the Lagrangian :f.,C!+) in th~ forro 

'([Clt) ,.= 'tCY. + :tr (10' ) 

~:"here 

'i =3?e2. ti [Lf',!....t + .ffe..{ü LI'u,y (16 )rx 
ia the sum of Skyrme'e original commutator term and a "non-Skyrme" 

or "eymmetric 1\ term ( 01", =-1. ). Moreover 

:f =- *2. tr(a,..u'f",. A.. i .... {à2

Ll su:- (L,.. L")2.} 
T r "t= . (17) 

i8 the ao-call ed "tachyonic" term ( 1\;:: g'Jf/N )*). The 

*)Tbia term leade to the appearance of a tachyonic state in the pion
 
propagator. ,Tbe natural range of validit:r. of the derivative expan...
 
s í.on ia therefore expected to be, <p4'/'1(PZ>« gJf2t=jl~ Mo2
(comp. eq. (25») batore vector meaona are included. ~ ,
 

6 

impIícations of the Lagrangian ~& for JI~ -acattering have 
been ana1yzed by Donogbue et 81./15/ Bnd Pham and Truong/16 / . An 
anaIysia of the full Lagrangian (10') inc1uding the tachyonic term 
bae recant1y been performed by Aitchieon et a1./17 / and by Be1kov, 
Lanjov and Pervuahin/18 / . Fo11owing the 1atter work 1et us quote the 
reauIting expression for the Lagrangian of ~ -acattering. 

:fJr:Jr = - 'f\2. [jf-2.( OI'F OJ<jf) - (5 1-1;(r,':J2J 

1 =;-If [( O,..rr-ólJ<jf/ - (0-.;'- o,,1f)j +ifiFjflq3J".1r) 

- 2 1-11 [:3 (d,.jf cri) jf2- /v/;(iF)"-] 

(18 ) 

where (3 ",A/Z is a parameter aaa oc Lat ed '/'Iith the symmetry-brea
king meBon mesa termo Notice that the tachyonic term (17) doee not 
contribute to the D-wave scattering 1engthe which are given (in units 

p"'-S'
of q"... ) by 

r:D 2 26;r'l.. 11 ( r=2 J{ 2 ~ Á ( 4.\a = Jlo( 2.._ - 2+'11'-) QZ::: - - C<O e 2 A5 lÂ-tJz. 2. o e2.. 15 o' . ) 2 

2. 

cc; =: ~ (lfM'f~2) = 0.019 
_'ir x (19 ) 

Eqs. (19) enable one to express' the parametere e2. , t by Q o
and ai-. 2 

o 2. 
2. ]f 2. 3'Jr2. 1 '/- Qz + 2 Qz 

e ="2 0<0 -s=- -a-o=---a-l"" o = Q! _ Q,z2. (20)z

and uaing tbe experimental data/19/ 

o ( -lf -S" -y. -S" 
Q2 =: 1ft t:3)xAO M)f 

) a::=: (1.3 :!::3)x,fO ~21) 

7 



to get	 the estimates/18/ 

? 

(22 )e2. =(25.7 ± 6.7) ) t =(1.2 ± 0.2) 

The vaiue of ~ is consistent with the theoretical value 

6-':L.,.= 1 which also yields ai = 'o, whereaa the valueI" e2. ia 

somewhat lower than the theoretical va Lue e2. = 411 . The 
predictions for the scattering lengths ag , ar/- and QJÍ'" 
are quoted in Table 1. 

Table 1: Jf1l- acattering lengths/18/ 

aI:
t 

Effective meson 1agrangian 

aO M--1
o) Ir 
20 f1i-iao J 

-1 -3ali ) Hrr 

without p4-terms with p4-terma experiment/2O/ 

0.16 
-0.045 
0.P30 

0.19 
-0.052 
0.039 

0.23 ± 0.05 
-0.05 ± 0.03 
0.0361 0.010 

Finally, using a suitable unitarization seheme it ia possible to cal
cuiete the variou8 1r~ -phase shifta. The corrections to the soft 
pion resulta are alI quite emall but subatantially in agreement with 
experiment/17,18/. The extension of the La,rangiana (16), (17) to 
flavour SU(3) symmetry is atraightforward 9,12/. Belkov, Lanjov and 

Pervushin heve also estimated the Jlk -scattering lengths using tbe 
GMOR-scheme/21/ of cbirai aymmetry breaking. Tbe correaponding re

sulta are quoted in Table 2. 

Purthermore, the last authors ueed alao a weak current ~ current 
1agrangian with SU(3) Noether currents to calculate the slope para

meter'a	 of the d ecay K~ 311.. 

~~, 
fi 

Table 2: J1 K -scattering length/18/ 
I ~ 

l' ..j
l,.'., 

J

\
Effective meaon Lagrangian 

aI: :f!L)""~g ~(D. :Ir Sum 
~ 

,.fIz. 
0 ..086 ao 0.121 0.013 0 ..220 

M;" 
I 

a't/1. -0.085 0.013 -0.060 -0.132 

Hjj-" 

a;lZ. 0.0098 0.0038 0.0072 0.0208 

fv1~!> 

a,?/z. o 0.0024 -0.0024 o 
-3

H]f	 

Experiment 

I 0.335 ± 0.006/22/ 

± 0.02 /23/0.24 
± 0.09 /24/ 

-0.14 ± 0.07 1221 

-0.05 ± 0.006/23/ 

-0.13 ± 0.03 /24/ 

0.13 

0.018 ± 0.002 1231 

Before concluding thia subsection let us mention that there 
exista an interesting relationship between the Skyrme constant 
e =211 and the parameters of the rs meeori, Using forward dieper
aion relatione for the ~;rO-acattering amplitude and saturating 
i ta imaginary part by the g reeonance, Pham and Truong/16/ ob
tained 

2 F:. Z1- ~ ~.
 

eZ M~2-
(23 ),,"\1- Combining thia reBult with the KSPR relatioll 

2. 2. 2.11\	 M~ = 2 F"Jí ggrrfl
~II (24 ) 

~	 which can be shown to hoíd in ouI' compoBite-meaon model/9/, we obtain 
the intereating reBult 

i , 2.. o 2 2
IVlg =:: <l]f F.rr ' e ~ CJ~JrJí	 (25 ) 

8	 9 



where q~JT.rr ia the ~1fJl -coupling conatant. Note that from 
~7Z"u decay ~'i:ft/q.:1r.-v3 ao that indeed ~tr)r;vIf.1f2.=e2; 

b) Vector form factor and elactromagnetic radiua Df the pion 

For illustration we ahall f'inally calculate the g:Il~ form
 
factor from (14).To this end recall that direct evaluation Df the
 
form faetor f'rom a quark triangle diagram yields/25/ * )
 

0'2.. M 2

FgJrlr (~Z) ::: ~~ ( 1 + 1;2F;Z) .
 
(26 ) 

where ~ ia the f'our-momentu!!l of the ~ -meaon and C;j~ ia the
 
q -quark coupling cQnstant. In the ef'fective Lagrangian approacb
 
it is not diff'icult to see that the qZ -term in (26) arises from
 
the terro linear in F..f<\J in (14) but gets no contribution from the 

- I,) • **)"Skyrme current" J~Y/Á in (12) • Taking into account (25)
 
we also have

~JTJr C't) = ~S (z 
(27 ) 

so that ~JTJr vaniahea at q2. cO. Let ua n~w include electro
magnetic interactions into the Lagrangian (1)/8,9/. The electromag
netie form factor ~aJrJT(12) geta then contribution~ from direct 

rJT:rc- interaetion and from a s> pole term with '5-0- transi

tion. The result is/25/
 

~ S ~ 2 2 Z 

ól'Jr C'f) '" e [ '" +- g:J!z fj?} +- ~5 I(11 +- ~f~"{s..f )~! ~Z_q2} 

z: e (1- Cf/Mt)-1 = e t1 +- Wr1fz +O(1~1(28) 
This leads to the following expression for the electromagnetic 
radius Df the pion 

c o<Y-Jf~) = 1:12.= g1f2.~Z.S 
(29 ) 

·)The forro factor (26) fulfils the natural requirement that coupling 
constant universality ~~~Q~~~ holds approximately on the mass
shell of the ~ meson. ~ 

**)
Tqis concluaion differs from the reBult ~f ref. 26 but is in agree
ment with ref. 12, 27. 

r 
I 
I 

reproducing the veetor meaon dominance reault witbout double counting. 
Aa has been diacussed at length in the literature/17/, chiral Lagran
gians including ~ and ~A meSODa but no quartic derivative 

I 

terms may generate Skyrme derivative terms after eliminating the~, > 

heavy vector meSODa. In Lagrangiana of the type (14) including quar
tic derivative terma ~ heavy mesone, there could then, in princip
Ie, arise the problem of double counting. We expect that it is just 
the auppression of the ~.:TJ:,Jr form factor at qz. = O given by (27) 
wbich leads to a suppression of the <? -meson contribution in the 
derivativa expansion Df the chiral Lagrangian, thus avoiding doubla 
counting. 

1I1.2 Baryon sector 

The recent applications Df the Skyrme model to the description of 
baryc:ms/28,297 provide us with another test of the "extended" 
Skyrme Lagrangian (8). In this context 1et us first remember that 
the origin~Skyrme Lagrangian, although providing a eatisfactory 
qualitative description Df the etatic propertiea of the nucleon, 
does not reproduce the important medium range attraction Df the 
nuc1eon-nucleon force responaible for nuclear binding/30(on the other 
hand it ia well known that the Gi meson plays an essential role 
in describing the attractive part of the N-N p,otential. s ínee the 
etructure Df the symmetrie term in (16) may be aSBociated with the 
exchange of' a heavy ~ particle/16 , 31/ it seemB natural to ask 
whether the new piacas in (16), (17) may lead to the necessary 
attraction. Bafore "discussing this issue further, let us' firat 
mention that the new quartic derivative terms in ~~ and ~í 
do not 'give a positive definite contribution to the energy. In order 
to counterbalanee their destabilizing effects, one has to includs 
the contribution Df tbe GJ _meB~if729,32/ 

:f co == ;fwO +;LfÃC,c.f'e. 
(0) 

where 

'-.fJ o __ â. r co FWjflJ + ~2. W z
 
cLev - 4- ~v .2... ík
 ~~ = dp 4?v -cYvúJ)I

if~pR. == ;3 Cvr d;U 
01> 

10 
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Here (J,AA ia the conserved topological current of th~ chiral field I ;;flo == - ~M~ ( a'"(~)~2 J 06c) 

(] )-< z: 2~:ff2 [.M vg5"" fY"{L v L~ LJ() ) dSB = - F;.2. M: (1- ~e) .:!
 C36d)C32) 

and (!>:= ~g NIz. -v q. 2 • Tbe tbeoretical value of f3 ia compa
rable in magnitude wi tb the to NNvector coupling constant gCVNAJ 

(phenomenologically AO~~(JAlI;J::'12). In the low-energy region ~f.0 
may be furtber reauced to the following current ~current form 

..1#: ../.-t.__ '1:f,
W - 2- Mi,}' jf"- j . 

(33 ) 

Let us now study the haryon number A/B = 1 soliton s~ctor of the 
extended Skyrme model defined byeqs. (8) end (33). As usual we make 
the hedgehog ansatz 

-<-r?- 9ct-)
(j(~) == e 

04 ) 

with the boundary conditions 9(0)::: 11 and G~) == o to ensure
 
NB -::: Sc(3x-- (f'(..y = 1- • l"or the static ensatz (34) the baryon current
 
(2) reduces to 

-7j'O(X--) ..... _.i- SiV1
Ze e) 

- 21f2. ,.2. } J = o 
(35 )

( e':: ~ )
and the LagranEiBn becomes 

:f(Z) ::: _fj2- (e) 2 -I- 2 J'i;~ ) 
) 

(36a)
:f-'t-) -= N i Sil12.8 ( -r- z.e'2. +- 1- Siv"ze)

1211,,,11- ,2 

+ f(e12. + 2 S:h/e) 2 
yz 

+'t~ (2r é ' -I- r2.e)) - siI12e)2. J 
) (J6b) 

12 

To find explicit skyrmion sülutions one has in fact to solve the 
Euler-Lagrange equation following from the Lagrangians (36). For 
determination of the mass M Df the skyrmion it is sufficient to seek 
fo-r a minimum of the energy functional E= - J(3

)(" ;t(~) by using varia
tional methoda .. In ref. 29 a vaz-La t'í.ona L investigation of the exten
ded Skyrme Lagrangian (8) supplemented by ~w (comp. eq. (33) has 
been performed which shows that th~ energy functional has indeed a 
local minimum for ~ >A~ yielding M 'V 2 MN f where MN ia 
the nuc Lson maas , Unfortunately, bO,th the values of (3 and M are 
however, toa large in order to get a reaiistic description Df the 
nucleon.. A further investigation of the existence of physical skyr
mion solutions evidently requires the inclusion of alI heavy mesons 
like ~ W I ~ I Atinto the effective meson Lagrangian. Moreover, 
it is quite possible that a complete treatrnent of the coupled meson 
field equations rather than an expansion in powers of d~lI 
may be necessary in order to investigate the properties of skyrmione 
within a meson field theory. 

It has been argued that the new derivative terms constained 
in ';;{(4) may aignal the preaence of attractive N-N forcea/28/• 

A detailed analysis of the N-N potentidl obtained from a modified 
Skyrme Lagrangian hae recently been performed by Lacombe et al./31/ 

These authors started wi th the quartic derivative term ~(!). of eq. 
(16) supplemented by ~CJ • Linearizing the "aymmet r-í.o" quartic 
term by introducing a coupling ~o. the field of the ~ -particle end 
taking M(5"" = 800 I.TeV, they got a good fit to MN and MA 
with f="r = 71,5 MeV, (3 =12, e = 7 and t/« = 0.349. 
Their calculations confirm the appearance Df medium range attractione. 

IV. 80ncluding remarks 

In thia talk we have illustrated how to derive an effective meson 
Lagrangian including quartic derivative (Skyrrne) terma and the 
gauged Wess-Zumino term from a superconductor NJL-type of quark 
model. The implicationa of the new "fine-atructure ll terms in the 
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effective meson Lagrangian have then been discussed for both the 
meson sector ( 1fll- and JTK -scattering) and'baryon sector. Con
cerning the baryon aector it unfortunately turns out that the topo
logical soliton of the extended Skyrme Lagrangian has a too large 
mass ( M~ZMN) to be identified with the nucleon/29/. A further 
investigation of the propertie~ of skyrmions ahould then start 
with a complete effective meson Lagrangian including besides piona 
and 60 mesona alI other heavy mesone 1ike the ~l ~ and )\4 
mesons,too. Moreover. it is quite possib1e that one must address 
a complete treatment of the coup1ed meson fie1d equations including 
alI kinds of mesons. Obviously, oUe shou1d be ab1e to derive a 
Skyrme-type Lagrangian direct1y from QCD, but tbis is difficu1t and 
has	 on1y been done indirect1y/12,)3~ at best. 
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3CSop't' H. J Pot'ncap,IJ,T X.	 E2-86-274 
3~~oKTwnH~e Me30HH~e narpaH~HaHw 

W CJ01pMHOHHaH cllH:9HKa H3 KBapKoBoH AHHaMHKH 

C nOMOmbID MeToAa KOHTHHyanbHoro HHTerpana o6c~AaeTcH 

DbIDO,lJ, 3<PePeKTHBHoro KHpanbHoro narpaaxnana AnH Me30HOB H~ 

I<BapKoBoH MOAenH caepxnposonnmer-o r ana , 3TOT rrar-paaxaaa BKnID
qaeT qneHW c BWCillHMH rrpoH9BoAHWMH THrra CKHpMa, a TaK~e qneH 
Becca - 3YMHHO. L(HCKYTHPYIDTCH crrenc-rans HOBbIX rrpoH3BoAHbIX 
qJleHOB "TOHKOH CTPYKTYPhI" AnH MesoHHoH lÍlH3HKH H AnH rrpo õrrexsr 
cTa6HnbHOCTH CKHpMHOHa H NN-rrOTeH~Hana. 

Pa60Ta BbiITOnHeHa B Jlaõopa'r opan TeOpeTHqeCKOH lÍ>H3HKH ümH1. 

Ilpenpanr 06'beAHHeHHoro HHcTHTyn snepasrx HcCneAOBaHHH. Jly6Ha 1986 

Ebert D.,Reinhardt H. E2-86-274 
Effective Meson Lagrangians 
and Skyrmion Physics from Quark Dynamics 

We shall review the path-integral derivation of an éffec
tive chiral meson Lagrangian including higher order deriva
tive terms of the Skyrme type as well as the Wess - Zumino 
term from a superconductor type of quark modelo The conse-' 
quences of the arising new "fine-structure" derivative terms 
are discussed for meson physics as well as for the problem 
of the skyrmion stability and the NN-potential. 

The investigation has been perforrned at the Laboratory 
of Theoretical Physics, JINR. 
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