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I. T H E BOSONIZATION OK THE NJL MODEL 

The effective four-quark interaction of the N.I I. model [I] is a low-energy approximation of 
QCD, the standard model of the strong interactions of quarks and gluons. The bosonizalion 
of the NJL model generates an effective chiral meson l-agrangian which results from the 
quark determinant (see (2] and references therein) Applying the heat-kernel techniques 
(3,4) for the analytical calculation of the quark determinant one can derive a momentum 
expamion of the effective meson Lagrangian. In parti* ular, the terms of 0(p2) lead l>> 
the kinetic and mats parts of the Lagrangian, and the terms of (J(p*) can be brought into 
the general form which was introduced by Ca>scr and Lentwyler (5]. А phenomeuologit al 
analysis of the chiral coefficients L, shows a good agreement with the predictions of the N,)l 
model. It is reasonable to expect the same uf the next older in the momentum expansion. 
where precise experimental data are not yet available 

In previous works (4,6) we have presented the heal kernel expansion of the quark de 
termioant up to the order n« of the heat coefficients, containing the complete informal ion 
about the 0{p9) terms of the effective meson Lagratigian in the NJL model. As far as |и< 
cision experiments are becoming more sensitive, it will be possible to observe effects whi< h 
are related to the higher order of the momentum expansion (see for example [7] and \b}\ 
Here we derive the 0(p6)-Lagrangian from the N.ll. model Л systematic study of the ним 
general chiral Lagrangian at Ofnfi) can he found in [lJJ. 

The starting point of our consideration ь the rlfei t n e foui quark interaction of tin- .N.11 
model with the Lagrangian 

CSJI • • / ' " ' ' " • • ' ' / ' L'• • • ' 1 1 1 

where 

Here G\ and Gi are empirical coupling constants. I/I„ is the * urrent quark mass matrix, .пиI 
A* are the generators of the Sl'[n) flavor group, normalized according to tr(A*A6) — '2 Л''. 
Using a standard quark bosonization approach based on path integral techniques one <.щ 
derive an effective meson action from the NJL Lagrangian (1.1). 

First, one has to introduce colorless collective fields for the scalar [S), pseudoscal.u ' Г\. 
vector (V) and axial-vector (A) mesons associated with the quark biliuears, 

S' = -*olqj4, f» = -iclqn*x~4. i ; - •u;i.n„j4, А'„ = м:гч1и-,ь~ч. 
where a is a flavor index. After substituting these expiessiotis into CNJL the inteiai t иш 
part of the Lagrangian becomes bilinear in the quark fields: 

С = v 'D v 

with D being the Dirac operator in the present e of the . <>||(-( tive meson fields. 

i"D= | i (S+ AR)~ [Ф + тк\]Гн + \,(i) t i, | (Ф1 +mo)\PL. 

Неге Ф = S+iPtV = i '„V\ Д = Л.У; PH/L -- \[ I i v j -ле < hiral projectors; AHfL ^ I t \ 
are right and left combinations of fields, and 

A* \* V Ae 

S = S ' - , И = 1-~. У.-- Л , , ' , . A„ = - i A \ -
are the matrix-valued collective fields. 
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After integration over the quark fields the generating functional, corresponding to the 
effective action of the NJL model for collective meson fields, can be presented in the following 
form: 

Z= IV<l>V&WVAcx?[iS(4,tf,V,A)\, 

where 

5(Ф,Ф', V, A) = J i*x [ - ^ - М Ф Ч ) - ^i-tr(V; + Al)]- i Tr' [log(ifi)] (1.2) 

is the effective action for scalar, pseudoscalar, vector and axial-vector mesons. The first term 
in Kq. (1.2), quadratic in the meson fields, arises from the linearization of the four-quark 
interaction. The second one is the quark determinant describing the interaction of mesons. 
The quark determinant can be evaluated using the heat-kernel technique with proper-time 
regularization [3,4]. Then, the real part of log (del iD) contributes to the even intrinsic 
parity part of the effective Lagrangian while the imaginary part gives the odd intrinsic 
parity effective Lagrangian which at 0(pA) is related to the anomalous action of Wess and 
Zumino [10,11]. 

The logarithm of the modulus of the quark determinant is defined in "proper-time'' 
regularization as 

log |det i f i | = - -Tr' log(D'D) = - - / dr -Tr'cxp( - D ' D r ) (1.3) 
2 2 Jl/hi т 

with Л being the intrinsic regularization parameter. The "trace" Tr' is to be understood 
as a space-time integration and a "normal" trace with respect -o Dirac, color and flavor 
matrices, Tr' = / t ^ x T r , and Tr = tr-, • tr с • tr/.-. The main idea of the heat-kernel method 
is to expand < i | exp(—D'DT) | у > around its "free*1 part 

< i | exp(-(D + „>)т) | у > = ^ - L j e - " ^ * - » ' / ^ 

in powers of the proper time т with the so-called Seeley-deWitt coefficients Aj( i ,y) 

< i | exp(-D'Dr) | у >= ^—е-*'^-*)'П«) Y hk(x,y) • rk. 
(4*T)' *-£ 

The new mass scale p arises as a nonvanishing vacuum expectation value of the scalar field 
S, and corresponds to the constituent quark mass. 

After integration over r in (1.3) one gets 

^ t . D [ = ^ ? n b ^ T r A t , (,4) 

where Г(п,х) = J°° dte~'t"~' is the incomplete gamma function. Using the definition of 
the gamma function Г(а,т) , one can separate the divergent and finite parts of the quark 
determinant 

11о8^е1б*6) = В р о 1 + В 1 о 8 + Япп, 

where 
вро1 = ^ [ - й Т г Л о + ; ( т т ^ - ^ Т г Л - ) ] 



has a pole at i = / ^ / Л 2 = О* 

»log = - J ^ n 0 . x ) [ i / T r A „ - ^ T r / „ Н- ГгА2] 

is logarithmically divergent, and the finite part has the form 

The very lengthy calculations of the Seeley-deWiU coefficients hk can be only performed 
by computer support. The calculation of the (teal-coefficients is a recursive process which 
can conveniently be done by Computer Algebra Systems sued a» FOKM and KKIH'CK. 
In ref. [4] we have calculated the coefficients up to the order к = 6. After voluminous 
computations one gets the expressions for heal-roeffic ients / i j , . . . hb up to terms of 0(pe) 
(terms contributing only at higher orders arc dropped) 

fco= 1. 
/ij = —a, 

T r , l 3 = T r { l , r ^ + i4 
TrA3 = - ^ Tr {г,.3 - SUS" + aiV^f - ^ (Г .л , ) ' - \(v°^ ~ ^\Л"°1'." }, 

TrA4 = Tr { i a < + 1 [a?S\ + aS.S") + ^ (7(S*,)' - (S„„)2) 

ТгА5 = - Т г { ^ - 3 5 ^ ) - - 1 ( « 5 , ) | 

TrA6 = ^ W . 

Here 
r^, = K,rf„] , Гл„„ = [</». Гв„]. 5„ = K,a ] . S„, = K,S»] 

are commutators of the operators d^ and a which are denned by the relations 

</„ = э„ + г„, гр = v„ + лл 5 , o(I) = .vH + w,H + jh», 7"]r„ 1 , -^. 

Moreover, 
Я = РД(Ф + m0) + PL{& + rn0) = S + m0 + i^P , 

and 
г„„ = к , <*,] = э„г„ - <u„ + [г„, г„] = F*„ + 7

5 C , 
where F ^ / are the field strength tensors, 

С = W, - d*K + IK. K] + [A„A„], f £ = Э„Д< - & Л , + [V», Л„] + K . , V,], 

and 
V„tf = Э„Я + [V„, Я] - ib{A^ H). 
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II. THE CHIRAL LAGRANGIAN 

We will consider here a nonlinear parameterization of chiial symmetry corresponding to 
the representation Ф — fi^fi. The matrix of scalar fields У1(.г) belongs to the diagonal 
llavur grimp, while the matrix Si(ar) represents the pseudosialar degrees of freedom 41 living 
in the coset space SU(n)i xSU[n)n/SL'vhi). И can be parameterized by the SU{n) matrix 

f!(i) = exp ( - ~ — ?{x)} , *><*) = * " ( * ) y . 

with Fo being the bare IT der.ay constant Under chiral rotations 

« - 7 = {l\U + PnU)4 

the helds Ф and A„ are transfonning a-. 

ф _ ф = О.Ф£),, 

and 

< - ^ -.-. £Я(а„ + /J^KJ,, /»£ - .(£ = u<A + л$)& 
The effective meson Lagiangian in terms of the collective fields is obtained from the 

quark determinant by calculating the trace over Dirae indices in T rn , ( i ) . The '"divergent" 
part uf the effective meson Lagrangian is defined by the coefficients A0, Ai and h2 of the 
expansion (1 A) 

U. = i j j ^ t r j r ( o , £ ) [я" (Ф + m.) 0„(Ф + mo)' - M 2 + i ( ( / ^ ) 2 + ( F « ) 2 j j 

f 2 [ л г е - » ; " ! - ^ г Г о , ^ 1 х ] , (2.1.1 

where .Vf — (Ф + гп0)(Ф 4 m 0 ) ' - fi2 and / > / = /*'Д J- /*'̂ ,. The covariant derivatives D(, 
and Я м are defined as 

JDM* = ^M*+t^S»-*^J), I),* = #„* - и л ? * - * л£), 

where it is understood that / ^ and />M act upon expressions transforming as £L • • • (R and 
s r t ' " £ / , ' respectively. Assuming. S я= /i and therefore Ф = fsft2 = цО, the Lagrangian of 
0{p2) can be written in the form 

£S!r = - т t r (iu//) + ?lr ixU'+f'V) • 
where LM = 0„(/<7' . The bare constant F0 and the matrix x = diag(vJ,XjiX2) a re given 
by F> = yNcl?l{4*2) and xf = ™W(<''i F„2) = -2mB<qq>F0-*, where у = Г(0, S/Л1) and 
< qq > is the quark condensate. 

The terms of 0(pA) of the effective Lagrangian result from the logarithmically divergent 
part of the quark determinant ar.-l from the coefficients h3 and n4 contributing to the tin'te 
part. Using properties of the derivatives (see appendix, Eqs.(A1 ,A2)) the finite contribution 
of 0(p4) can be written as 
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££" = 32^ t r{s И°2(* + m o ) °'{* + m o , t ~ ( D " ( * + Ш о ) / 3 й ( Ф + m o ) t ) 1 

+ ^(011(Ф + т о ) О Л Ф + т „ ) ' ) 2 

- /^ (Л-Ш^Ф + т о ) 0 " ( Ф + т 0 ) ' + Л? Р„(Ф + то) 'Д й (Ф + т „ ) ) 

+ ^ 2 ( д к ( ф + гао) о"(ф + m „) t F £ + В"(Ф + т 0 ) ' 0"(Ф + т о ) f £ ) 

+ УгС{* + me)*f 1 , " ( * + '"о) - ^ 4 [ ( / £ ) ' + ( О ' ] } , (2.2) 

where ТЛ = (Ф + т 0 ) , ( Ф + т 0 ) —/J3. We will assume the approximation Г(А:,^а/Ла) а Г{к), 
valid for к > 1, and /i2/A2 « I. 

The effective meson Lagrangian of O(p') , Eq.(2.2), can be brought into the standard 
form introduced by Gasser and Lcutwyler in ref. [5] (see appendix, Eq.(A4)) After using the 
Held transformations [12], which are at 0(p*) equivalent to the application of the classical 
equation of motion (EOM) (see appendix A5), the NJL model gives the following predictions 
for the chirat coefficients 

, =_л^_1 L=Jh-L i -_ N< ' 
1 1 6 * 2 2 4 ' 2 16я- 2 12 ' 3 1 6 T 2 6 ' 

lor* 

^ 1 6 * * 3 ' L , 0 _ ~ 16**6' 

where x --= -fiF2/{2 <qq>) and j , = 4ir2F2/{Ncft2). 

Analogous as for the 0(p4) Lagrangian we present the p6 Lagrangians in a "minimal" 
form, avoiding redundant terms. The identities and relations which we have used in order to 
keep the number of terms as small as possible can be found in the appendix. It is important 
to realize that the field transformations used to bring the Lagrangian of 0{p4) into the form 
of Gasser and Leutwyler also result in contributions at 0(p6) and higher [12]. Furthermore, 
we eliminated (see app.) terms at 0(p6) using field transformations. 

The final effective p6-Lagrangian has the form (see appendix for details) 

+ ^ ( L „ I " ) 3 (2.5) 

-^LaL°(L„U? (2.6) 

+ ^ ( £ „ £ « M a (2-7) 

-±(L„L„L»)2 (2.8) 

-^L„L,,DaD"U'D°WU] + R„RjDa~D''UxDaD''U} (2.9) 
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+ ̂ -(lllL„D0D,,U D°D"U< + R„R„DaD"U1 D"D4>^ 

+ ^c+[-(~-x)]LllUVL'4x^ + U^) 

+ [ _ 2 f + I ( I + I ) ] ( t i i / / ) J
( x y t + (/v!) 

+ [г+ ^ ] ( \ f l " < " ( / - W ' + lJJ),V)t'4S 

+ x' 1-"1'(Т)ц'ПЛ'' + T)i,DJ)')U R^ 

+ \'(ILD^UR-R- + V rD„/V<')) 

- [ a r | l - 6 x ) + - J ( 2 r ' - I x + i ) ] X « i ( l X « " 

-[c(12x + 1) - ^ 4 x ' + i-r - 1 ) ] ( А \ Я „ К " + XX1/-*/.") 

- [r + ^ - j)] (t'x^'x'.'„'-" + u\v\Kir) 
+ [c(l + 6i) - ^ (x + i ) ] ((xf"i„)2 + (x'<r«„)2) 

+*(бс-х + ^)(D,„(xlP+Ux*Wl>I>1' - £"<V) 

-6ciy (D„(X - fx'i/) o V + од*' - y^t") 0"v) 
-c^((;x,t/-x)D"(x,-f/,x(/t) 
- ^ ( ^ ( x W ' - b V ) ) ' 

- ^ ' yD^x- l / 1 - (/x*)[(xf' - Vx% Щ 

- y ( 0 W + i'x>))2 + (Efo't/ + ("x))2) 

+ fyc2 + 6cx(l - 2a:») + jx(2x2 - 3x + i ) ] ((X</<)3 + (X^'f) 

+ [ - jc2!/ - 6cx(l - 2x») + 2x3 + x2 - l x ] ((/ЧхЧ + УхЧх') 

- ^v4 L ,U°^ .^"} + ^{д„д»,д*д"}) 
+ ̂ ( ^( i / / ,„ / ,"£•» + 1*1» L'V) + F?„(R»RaR»R° + R.RflfR')) 

{F^Lal
u V l" + F^RaR"R"Ra) 

—^{Fb,L*LaL° L" + F*„R"RaR°R!' 

(2.10) 

(2.11) 

(2.12) 

12.13) 

(2.14) 

(2.15) 

(2.16) 

(2.17) 

(2.18) 

(2.19) 

(2.20) 

(2.21) 

(2.22) 

(2.23) 

(2.24) 

(2.25) 

(2.26) 

(2.27) 

(2.28) 

(2.29) 

(2.30) 

(2.31) 

(2.32) 
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-^ ( /^"„„ / . „ i " / / - F ^ ^ f t - f t » ) (2.33) 

+ ̂ (FL'„{L\L„L») -FR°a„{R",RllR»}} (2.34) 

+ ̂ ((xy t + f /x t){^. i" i") +(x4! + ll<x){F",R"ft"}) (2.35) 

~\C+k] ({XU< " ^ ' ^ „ . / / Г ] + (x'f - " 4 > [ C «"«"]) (2-36) 

+ [2c - iz] (х(Б"0"1/' Fl - F ^ T T D V ) + \\D'D"UF^ - F^O'D1"/')) (2.37) 

+ [2t - gi] ( х С ^ D-irUU' - V*ITD*V FfjJ1) 

+x4UС 7F73V /У - UD"T)"Uf F^U)) 

+ \-2c+l2x + h](FLa°"{L"u *' + * ( / Ч " > - rR"°AR"U 
+ [2c - ^x - 1 ] ( F '"•„„(i^C* + ^ У П - F"°„„( «"*'(•' 

- ^ ( f t w . » [ ^ . ^ ] + ^ " " . Л Д " . ^ ! ) 

- j ^ F ^ A . f / F ' ^ O ' V 

- g ^ o „ y F f l°" F V 

- ^ „ Д " ! / F^'D^U1 

+ ^ ( ( 0 ' i ^ e + ( 0 2 « . ^ ) 
-^LaL"UF^FLl" + R^U^F^UF""^ 

- UF^F1"" L" L„ + FR
aFRa"R"R^ 

- ^ ( F ^ F * " " " ^ / ^ + F^FR""R.R") 

+ UF^(D" D„U + DaD"U)FH"°Uf + FR„{~D"~D„l^ + fl.fl' 

- ^ ' " • • „ „ ^ „ . ( ^ ' " " Ч / Ч - fB°.1.[fl»,t' ,F i '"'(']) 

- ^ ( F i o „ v [ ^ , /•• '"" ' ]-- F " V [ « „ , f"""]) 

+ ^F i"(i<,f/F„' i '"7." 

+ ̂ (x - 5)((x(/' + ( У ) ( С ) 2 + (Х*У + U\)(h"*f) 

+ \c--(x- i ) ] (xl!*F^UFH*"U* + K
tUFRll*F,""'U) 

~ I" ~ 6~(' ~ \)](*F" V4"""' + X'F"-UF""") 

+ ^ ( ( ^ J 2 + ( 0 2 ) 

*x + 

+ </'x 

'{/')F 

x'f/ft»)) 

ft»)) 

'•'(/) 

(2.38) 

(2.39) 

(2.40) 

(2.41) 

(2.42) 

(2.43) 

(2.44) 

(2.45) 

(2.46) 

(2.47) 

(2.48) 

(2.49) 

(2.50) 

(2.51) 

(2.52) 

(2.53) 

(2.54) 

(2.55) 

(2.56) 
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^{(FL\a)2 + {FR\af) (2.57) 

(2.58) + \{F^FL^FL\ + FR„FR^FR\)\ 

+ ̂ ^U(X^ -Ux^ — U^L.WD.D^ -D^UU')) (2.59) 

- [c(]- + 2x - 21») - i ( x - 1 ) ] tr (L,L*(XU1 - l/x*)) (2.60) 

+ [ - \гУ - cx(2 + V - 4xy) + i i ] tr ((х-У)2 - (x'W)2) (2.61) 

+ ^ t r ( f t % „ I " + F " V « ' ' ) (2.62) 

~l'((^)'-(0')} (2-63> 
+ 32fe{-4(^tr^ ,-^ ,)) lr(tBi^ <2'64) 

+ [ ^ 6 + ^ ! / ] ( а < , 1 г и ( / ' - ( / х » ) ) 2 } (2.65) 

r V ( t r ( x f / t " ^ ' { [ г 2 * - \сху+kx\u(xU'+f/*,) (2-66) 3 2 i r V 

j t r C M . " ) } , 

where Я„ = y t D „ { / , DJ.. = 3„ * + H J , *] . 0 > = S„ • +[/tj?,*], С = ^ « C a " d 

^olii/ = F>'aF^. Terms proportional to a factor с = H i - j - \ are related to the 0(p*) part 
of the field transformations (AH) and those proportional to <? arise from Eq.(All) after 
equivalent transformations. 

The P and С symmetries of the strong interaction allow at 0(pG) structures which are 
proportional to €a3f,v [11,13,9] and which do not belong to the Wess-Zurnino anomalous 
action. However, in this approach these contributions disappear, because we have limited, 
our self to calculate only the absolute value of the quark determinant. 

CONCLUSION 

We have presented an effective chiral meson Lagrangian to 0(pe) in the momentum 
expansion, obtained from the bosonization of the NJL model. To minimize the number of 
independent terms in this expression, extensive use of the properties of covariant derivatives 
and field transformations has been made. In contrast to previous studies of Lagrangians at 
0(p*), we had to retain the next-to-leading order terms in the field transformations which 
gave additional contributions to the 0(p6) Lagrangian in the process of transforming the 
bosonized p4-Lagrangian to the canonical Gasser-Leutwyler form. 

The Lagrangian obtained at 0{p6) is expected to be important in neutral meson pro
cesses, for example, n —» f°77, 77 —» ir°>r0 and K\ —* T°f-f where Born contributions 
from the 0(p*) Lagrangian vanish [14]. However, taking the relevant effects correctly into 
account is not a simple task since together with the results of bosonization (i.e. transition 
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to collective meson fields through integrating out the quark degrees of freedom) one has to 
address the question about the influence of heavy vector and axial-vector resonances [15] 
and also the nonlocal corrections for the usual local version of NJL mode] [16]. 

The authors are grateful to (j.Kcker, J.Gasser, H.Leutwyler, MX.Nekrasov and 
M.K.Volkov for useful discussions and helpful comments. One of the authors (A.A.Bel'kov) 
is grateful for the hospitality extended to him at TR1UMF, Vancouver, where this work 
was started. This work was supported in part by a grant from the Natural Sciences and 
Kng'meering Research Council of Canada (S.Scherer) and by the Russian Foundation for 
Fundamental Research (A.A.Bel'kov and A.V.Lanyov) under grant No. <М-0'2-(Ш73. А.В. 
and AX. are grateful to the Swiss National Fund for the financial support extended to them 
ai the School and Workshop on Chiral Perturbation Theory in Bratislava (September 5-10, 
1994). 
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APPENDIX A: IDENTITIES AND FIELD TRANSFORMATIONS 

Identities 

In order to reduce the number of terms as much as possible we have made use of several 
identities and relations, which arc listed here. 

The Lagrangian contains different types of derivatives which satisfy the following rules: 

«„(OiO,) = (D„o,)o2 + o,(o'uo2) = (o;o,)o3 + o,(oBo,), 
Du(0*Oi) = ( 0 , 0 , )0a + 0 , ( ^ 0 2 ) = (й ' „0 , )0 2 + 0 , (B"„0 2 ) , 

^ ( O . O j ) = (V'^O, + 0AD'fi2) = (D.O^O, + 0 , ( Л „ 0 2 ) , 

0i,(O,O2) = ( В ; , 0 , ) 0 , + 0 , ( B > 2 ) = ( 0 „ 0 , ) 0 2 + 0 , ( D „ 0 j ) . (Al) 

En order to reduce the number of terms which contain Goldstone bosons only, we applied 
the following relations 

[ 0 „ 0*10 = F^O - 0F*„ , [О, , Д , ] 0 = F^O - OF^ , 

[ 0 ; , 0 : ] O = [F^ ,O] . 0I,X]O=\F^O\. (A2) 

We have also made use relations arising from the unitarity of the matrix U: 

D^UU1 = - t ' D ^ t / » , D^D.UU* + ( / 0„D„( / 1 = - (£>„l/ОД/* + 0 » ( / 0 , ( ' 1 ) . 

Field Transformations 

The initial Lagrangian also contained redundant terms which can be eliminate with the 
help of field transformations. At 0{pA) the use of field transformations and a naive appli
cation of the classical EOM are equivalent. At the next order in the momentum expansion, 
0(p6), the method of field transformations will give rise to contributions which one would 
miss using the classical EOM only. Before the application of field transformations the most 
general Lagrangian of 0(p*) typically has the form (see Eq.(2.2)) ' 

Ct = L\ ( t r (D„( /D"( / t ) ) 2 + i'2tr {D„U'Dl.Ui)ii (D4i~D"U<) 

+ L'3ir (D„U~D''U<Dl,UP4r<) + L'tit (D^UWi^) tr (xUf + l V ) 

+VbU (DliUD"U\XU^ + UX
f)) + L'6 (tr (x</1 + t V ) ) 2 

+L; (tr (xi/1 - iV))J + i.tr {ux*ux
i + xu'xW) 

+ L'9U (F^D"UD~"U< + F^W^D-U) - L'10U {UF^F?) 

-Wj t r (F»F? + F^F?) + W2tr (xx*) 

+A,t ( o W V ) + A2tr ( o J { / x * + * o V ) . (A3) 

It contains 2 more structures than the standard Lagrangian of Gasser and Leutwyler. In 
order to eliminate the two additional terms, one rewrites D ' t / L " and UD (/ ' applying the 
chain rule to {/[/' = 1. After some algebra the Lagrangian of Eq.(A3) can be written as 

Note -nir different convention for the definitions of the tensors FL'R: FLR = —iF5^ 
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Ct = C™L + c.tr ( ( D - № » - UD2U<)0™OM) + c2tr ((X{." - Г х - * ) 0 ^ „ ) , (А4) 

where £ f ' i is the Gasser and Leutwyler l.agrangian defined in [5] aim С"[.-ол( has the 
functional form of the classical EOM of 0(p2): 

0"OM(U) = ° 2 < / f / 1 " " ^ " " \ t " + ' V + \" Ы'' - •">') • (AS) 

The unprimed (G&L) and primed coefficients are related through 

/„ = /.;, Li--i\y /л = Ai + A,, /,« = /.;, /.s = / : ; - * , , 

Aio = /•',„. / / , - / / ; . //3 = //; + - + ^ . 
r, = - — , c2 ^ - - • - —. ЛЬ) 

4 4 2 
In our NJL-based approach the coefficients A. are 

. i л; . .v, 

1 'sing the field transformation technique [12] we will get rid of the last two term1- of Eq. 
(A4). For that purpose we write 

V[i) = txp(;Si(V))V(r), (Л7.1 

where .S*2( V") is given by 

(Л8) 

''a 

[f we insert / ' = exp(i5)l into £-11 ) wc obtain-

C,(l') = C1(\-) + t">C1(V.<<) + t,W£I(v',S) + ... (A9) 

In Bq. (A9) we have dropped an iirel-vant total derivative. The supersrripts denote the 
power of 5 (or D„S,...) and the corresponding expressions are given by 

*{1)C2(\\S2) = ^ t r (>SIO[E!WV)) = 0(p*). (Л10) 
/.'2 

itbC,{V,S7) = — t r [s1(nuVVfD'l'S2 - U'"S,D,,VVX - D'2S2) 

~-,(\^ + VV)S? ) ~0(p% (A l l ) 

V ^ i l V ' , ^ ) = 0(;.2) x 0(5*) = СЦр"). (А12) 

The last term is only interesting at 0(p8) and thus we do not give its explicit form. With 
our choice of Si, eq.( A8), the term 6^Ci[V% ,92) precisely cancels the last two contributions 
of Kq. (Л4) [U - . V at 0(pA)). 
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The modification of £4 has a similar form as that of £2 in Eq.(A9) 

Ct(U) = C4(V) + 6™Ct{V,S) + 0(ps), (A13) 

where 

6">Ct(V,S) = !fu (iSO?OM(V)) = 0(p°). (AH) 

From the La^rangian in Bq.(A3) we obtain for the 0(p4) contribution to the EOM operator 

C£o«(' /) = ^ ( ^ - j l ' ' ( ^ ) ) . (A15) 

where 

E,= (-2L', - ^Лt r (^J / 1 l 'D"Г , ) . (O l ( / ( ' , - ( / o V 1 ) 

+ 2L'2 [ - ( ' О , (0Д ' 1 D"V 7Tl' r) + D„ (£>„(/D""»/' D"{/) И 

+ {4L'j + 2i!,)[ - f/D„ ( O V ОД' D"l/») + 0„ (ОД/0"t ' ' £>»(/) t/*1 

+ ^ [tr ( Х У + Ух') • ( 0 2 f (/' - U O V ) + tr (ОД/ D"t/!) • ( « V - v t / ' ) ] 

+ t ; [ - (/D„ (D"l/' (x£/-f + t / \ ' ) ) + D. ((x6" + «/*') D't/) l'f 

+ f x ! D„f O't'* - D„l/ 5*1/* xt/'l 

Н - г ^ г ^ Ч У х ' ) ^ ' -**/ ' ) 

^ ^ ( x t / ' - t V M t V + X^) 

+ ii[(t/xt)2-(xt/t)2] 
+ lb\-VW(F*WUi) + D»{D"U FfDu* - UDWU1 f £ ) + 0 " (^0"1 ' ) 1 / ' ] 

- i-'ю[У С ^ * ^ " " - Ft. V FR"" {/•] 

+ A, [ l 'D" 2 D"V-0 2 04 '{ / t ] 

+ Л 2 [ У 0 2 Х ' - 0 2 Х ( / ' ] . (А16) 
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