


B The chiral symmetty ‘end itsvbrea.king are thefunda.mental principles "g'ow')etning‘._ e

" the dynamics of low-energy | 1nteta.ctlons of mesons and baryons [1]. The new formu-

latlon of the eﬂ'ectlve chltal la.grangla.ns for the meson ba.tyon system glven in Ref. -

[2] 1s ba.sed on the tteatment of baryons as hea.vy static ﬁelds with the deﬁnlte veloc- ,

"ity. The main a.dva.nta.ge of thls apptoa.ch is tha.t the 1mproved derlva.twe expansxon

for the hght velocnty components makes it possxble to mclude baryons in the power:i e
_..counting scheme of chiral pettutbatlve theoty and ca.lculate the meson- baryon loops !

" in the most systematlcal way. -In such a.n apptoa.ch some pa.rt of the hlgher ordet e

,k counterterms can be denved using the path integral technlques as, 1 M -cortectlons -
‘when the hea.vy veloc1ty components of ba.ryon ﬁelds are 1ntegta.ted out of the gen- R

o "/ etatlng functlona.l for the meson- ba.ryon system.

It 1s well known that both free and 1nteractlon la.gra.ngla.ns fot a spin-3 ﬁeld cou-’.
pled to a nucleon and a pseudoscala.r meson ﬁeld ha.ve to be constructed in such a

way that the total lagtangla.n is 1nvana.nt undet the so ca.lled pomt tta.nsformatlon

[3 4], This condltlon isa consequence of the mvarla.nce of the physwa.l propertles of

oy spm-- field W1th tespect to rotations in the spln-— spa.ce The eﬂ'ectlve lagra.ngla.n

mtroduced in-the Ref [2] is not mvamant under pomt transformatwn and it has to: .
be modlﬁed by mttoducmg a.ddltlona.l oﬂ'—shell terms whlch testore its pomt trans- B
fotmatlon 1nvanance Such an extenswn also leads to the appeatence ‘of new terms ..
e when calcula.tlng 1 /M-correctlons to the effectlve la.gta.ngla.n fot the hght velocxty S

& components ’

‘As an extenswn of the forma.hsm ftom Ref [2] the la.gta.ngla.n for the system o

of spm—-— and spxn--— batyons coupled w1th pseudosca.lat mesons whlch is exphc1tly_ i

_'\ NS

mva.tlant undet polnt tta.nsformatlon, is glven in ‘the fotm

ST

‘ ﬁtat = B(‘H M 754(1)3
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i where Bi 1s the spln-— ba.ryon ﬁeld whlle the ﬁeld T 1s telated w1th the vector-splnor
, tepresentatlon t,b,, for spln-— ﬁeld mtroduced by Rarlta. and Schw1nget [5]
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where 2 and A are arbitrary parameters with A # —3 In Eq. (1) the covariant
derivative D#* = 9%+ + [V, +] couples the baryon fields with the vector combination

of the pseudoscalar meson matrix and its derivative,

4= E(Qa“ﬂf +Qtorq),

while the operators . . .
a = D{4f, B} + F(4}, B], (4)
Rr = Hagu + 91 (vadlas + Aaut,) + g, Aoy, (8)

couple baryons with the axial-vector combina.tion
i
0= —(3'26“9t Qtoeq).

In nonlinear realization of chlra.l symmetty in S U 3) the ma.tnx ) for pseudosca.la.r

mesons is given by

Q= exp( Ly w“i\:)
V2R 57 2
where ©* are the pseudoscalar octet fields, and Fy is the bare 7 decay constant. For |
simplicity the flavour SU (3) indices in the lagrangian (1) are omitted, and M being
an avaraged NA mass. o k
As recently stressed by Pascalutsa (4], the representa.tlon ( 1) 1s convenient for the
description of processes with' spin-3 fields off-shell, as the full A- dependence is hidden

now in the new fields (2) which are explicitly invariant under point transformation

) ’= b v I_A.—b .
¢u“’¢p 0,‘,,.¢ ] A— A -—m, ; (6)

l . .
‘ where b # —1 is an arbitrary parameter. The } mvarlance of the lagtangla.n (1)

under the tra.nsforma.tlon (6) implies that the physical content of the theory does
not depend on the choice of A. As the Rarita-Schwinger vector-spinor ¥, can be
constructed from the direct product of the relativistic states ¢, for spin-1 and u for
spm-;, Yus(p) = L‘”[e,,u(p)]a /209 where the brackets denote the coupling of the Dirac
spinor with the polarization vector €y LU )(p) is the corresponding boost operator,
it obeys in momentum space '

vpu'tb“ =0

corresponding to the Lorentz condition for €4 In addition, on mass shell the sups
plementary condition | .b | |

T = 0 N @
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1s satisfied, resulting from the elimination of the spin--;- components from the spinor-

vector direct product. The on-shell coupling constants D, F,H and C in Egs. (1)
and (4) agree with Ref. {2], while g1, g2 and z in Egs. (5) and (3) are additional

- off-shell parameters. Due to condition (7) the effective lagrangian (1) coincides with

the form presented in Ref. [2] on the mass shell of sp1n- particles.

For meson-baryon interactions, at low energies when the momentum transfer

from meson to baryon is small, if to compare with the baryon mass, the velocity

of the baryon is conserved in the heavy mass limit. In this case the effective field

theory can be written in terms of baryon fields with the definite four-velocity v.

After indroducing the velocity components for the ba.rybn fields and corresponding
external sources in analogy with the heavy static quark approach [6], the generating

functional corresponding to lagrangian (1) can be written as

(RBvﬁz’ u’pv /D BuaTan exP[ /d4$£tot o o o ;g

T

+z/d" BB, +B.RE + 7, +b.,pu
| 4E, T TORL P+ T
o S (8)

Here D(B,, T,,,Q) is the path integral measure including the velocity components

i

with

:5533 - B,GB, = b,Gby + B,Hb, + b,HB,

Qs

‘ . 1— .
‘B_e—lM(uz)(B_*_b)’ _v_l';% , bv=727;Bv

, 14 1- :
TH — e_'M("'z)(T:-i-t‘;), T* =.1_-;ZTM’, = ﬂT“ BN (9)

RB pb, R?,;‘ and pfm‘are.the external-sources coupling to the veloaty components
(9), and

AT~ Pt~ T Rt R, T |
- HC[(Th+ t‘;)e,,;Aa(Bu +b,)+ (B +5, )A“@,,.,(T" 1 )] 10) i
G=i(v-D)—dq, G=i(v-D)+2M+ydy, H=iD*—~ydo;
. 1 . ‘
Qu = ll,?”gm, - 4”'_7“’7/\’1;7”’7/\7»‘*‘ Hysf

'["17“ - 2M]guv - Z'Yu')'k[’l?" - 2M]'7/\'7v + Hys

]

. 1 .
R, = ’Hl‘guv - Z’Yu’?’z\’ul'r\’ﬁ + H’YSQW )
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where D” =v,(v- D), D} =D, ~v,(v- D). 4

In order to derive Eq. (10) as the effective action for the velocity components (9)
we have used the gauge condition v, T* = 0, which is equnalent to this A = 0in (2).
We are allowed to use this gauge condition as the physical properties of the spm-3
field are independent on the choice of parameter A due to its invariance with respect -

to point transformation.

In Egs. (8) and (10) the light components B, and T! correspond to massless
effective baryon fields, while the heavy components b, and 4 have effective mass
2M. As a consequence, they can be integrated from the generating functional (8)
as the heavy degrees of freedom performing the Gaussian integration. According to
the standard procedure, the heavy components by, T4, b, and t4 have to be replaced

in the exponent of the Eq. (8) by the solutions of the equations

BLE + P _ o S(LE 4t

&, 5t% =0 ()
S(LEl+Buh) _ selame)
6b - t“ ’_07 (12)

which leads to the system of the equatlons for b, and [

~8.G + CT,8,, A + BuH + CT“GWAQ +7 =0,
Cb,A40,, - #Q,, +CB, A40,, T R“.,-i-pw—-o, (13)

and similarly for b, and t*,
We will calculate the effective meson-baryon action in terms of light velocity
components of baryon fields up to and including corrections of O(1/M). In such an

approximation it is enough to keep only terms up to O(I/M3) in the solutions of the
equations (13): '

b, = ‘(EH+CT“9,,,A5 +7)6""
g .
373 (€ BoAGOag — T Rop + 7)) 370, A +0(M,)
&, = (CB,A40.0" - T, R +72) Q)

c .
+4M2(B H+CT, eaﬁAn'i‘Pu) 50,9 +O(M3)

In solving for the heavy velomty components in the preceeding equation, we stress
the appearance of the i inverse operators G~ and Q‘w given explicitly as

1

¢ = srt- 2M(<v D) +2a)]




1 1 - 1 1 1
-1 | _ - ——— _ - ly _ = I
Qu: = oM [ 9w T 37“7" oM (D”g‘w 6'7‘41} Tv 3{7‘4714’ g })
H 2(1 - ¢g1) — 9¢g 1 :
5 (/;‘(nyuu - _(——;)"'_27‘44’0711 = 310w, 4a}
_%(7‘4/40» + Anu')'u))]
1 A 2
--2_M"va+0(1/M ),

with )
Qu = —guw + §7u7v ’

which obey the rglatiohé
GG =1+0(1/M?), Q.97 = guw +O(1/M?).

Note that — consistent with the expansion of the effective lagrangian to O(1/M)
given below - there are no corrections of this order both in the inverse operators and
the heavy velocity components. The solutions for b, and ¢ can be obtained from
the Eq. (12) in analogy. '

After integrating out the heavy velocity components of spin—% and spin-% baryons,

-the generating functional contains only the light components B, and T#:
z = x| 5(Bv,Tu,Q)exp{ if d"z[E,,GB., —T*Q,.T"
+C(T20,,44B, + B,A§0,.T))
l = 2 s Aaf v
557 BoH*Bu + ToRu0Q R T,
~C*(B,440,a005, 44 B, + T4 0,0 A5 AL O, TY)]

o)l ‘ 0

where the determinants of the operators G and @,,, are included in the normalization
factor A, and the terms containiﬁg external sources are omitted for the sake of
simplicity. » o

Combining various relations, the leading pieces in the 1/M expansion of the

effective lagrangian
L, = LO/M) + LO(1/M°) + O(1/M?)
in terms of the light components of baryon fields can be presented as

Lo = Eu(i(u-D)—'ys/;’(n)B

B

—uf. 1 .
—T:[zﬂ(v ‘ D)g#ll - Z'7u'7z\‘ 7‘(” : D)7A7V
+H'75 (Aﬂg#y + a1 ('7uAﬂv + Aﬂ#7") + gz;YMAn'YV)]Tu

+C(To(gur + 27um) AR B + BAR (g + 27T - (15)

The corrections of O(1/M) have the following form:

_'1_732{ —D?4(v-D)? — (1 - §C’(1 - 2z2))(Ag)’

+%qu[[Du,Dy] + 2U“[Dv’ (U . D)]

Lo =

(1360 4 20 4429 1, A
v ([Dj,fig] — o, (D™, ‘"})}B
T2 { o= D"+ (- D)) - 3 D?
+= (2aagg#y+7uaa,3'7,)([D° D”]+2u°[1)” (v- D)])
——(lmu (v )tamm) + w,wm + (v DYy
+= {(v D), v} + ¢ ((v Dyrupn P + Prutn(v- D))
—zH'rs[ ((4— 1 — 4g2)gua + (g1 + 402)or) (D2, A3
—%(40‘x 9w — (91 +492)740°%7,) {D3, Ang}
+= [/;‘(n,'ml? v+ (91 + g2)[vudlare, I I
0B e~ Aan )~ S Aa — An )]
- GW (1+ (g1 + 92)(91 — 292)) + C’Z’) (A3) g |
(320t )01~ 200~ %) iou 43 + (31024 C*) A,
~ (3701(3 - 01— 492) = C*5) (Anflarn + vl
+H2[ (3+ 97 + 49} + 20102)9u100p[ AG, AQ)
+—(g1 +443 + 29192))‘0waan[f1m Af] - —7aamnA8A”
+;(gl +90) (i) + g (s + A )

— 3O ioasn{ A3, AR YT (16)



The lagrangian ('16) does not contain corrections for transitions between spin-1 and
spin-2 baryons which appear at O(1/M?).

Now we discuss the comparison of the results given by Eqgs. (15) and (16) with
the effective Iagrangiaﬁs for light velocity components of baryon fields derived on
bases of the effective meson-baryon lagrangian of Ref. [2] which corresponds to the
Eq. (1) in absénce of the off-shell terms conténing ’gamm'a-matreces contracted with

. 3 .
spin-3:

£tat = E(ly -M- 75‘&9)8 - T“( ly -M+ H’YSAQ)TU + C(TuAnuB + FAQ“T“) .

Following the path integral way described above we obtain in this case the lowest
order Iagrangian in the form which coincides with Eq. (15) if the off-shell terms are

~ dropped out from it. The correspondmg corrections at O(1/M) get the form
[0 = mB { D4 (v DY (1—(:2)(,4“)
+ Uuu([D“ D]+ 20¥[D, (v - D)]+[A,,, z))
ia(IDE, 4] — i, { D g e,
—T“{ [ DUt (o DR AR
T b pma(lD°, D) 0P, (- D)+ 7L, )
—it35((DF, A3) — i, (D", Aﬁ})] + CzAnuAm,}Tv". (17)

The comparison of Eqs (16) and (177') shows that the taking into account the off-shell
terms in the effective lagrangian (1) leads niot only to the additional off-shell terms
in the expressions for 1/M correction, but also modlﬁes the terms which does not
disappear on mass sheIl of spm-— ’

As the expressmns derived above for £{® and L£{)- are: faily cumbersome, it is
tempting to look for a simpler representatlon of the heavy and light components
of the spin-3 field. An interesting alternative was pursued in Ref. [7] based on the

definitions

. Tug_ve—iM(UAI)(Tu + tu)
T# 1 + 75 (3/2)uuT

t,‘: ~ (guu 1 ; 751)(3/2)#")]‘ _.: (l;—l’{Pf’/?)u” + P§1/2)uv) Tu ] (18)

using spin projection operators [8]

1 2 1
e 3 T UV 57‘(%‘» - ),
PO/ — G — pa/2wr
v v v -

With this definition the light component T* corresponds to a massless ‘pure spin--g-

state, which satisfies the constraints
v Ty =0, 77T} =0, (19) .

while the heavy component t,‘f is the mixture of spin—% and spin-% states. In this case

the operators @,,, Q.. and R, in Eq. (10) get the form

= [i(v- D)+ 'H’Y.sffl’n]yw
1 .
Quv = i~ (1 = Mgy — Smlilf = (1= AMI 5+ M
Ru" = zl)guu + H'YS(A,ﬂguu + glAﬂu?lv) -

Il

Due to the simple form of the operator @,., and the constraints (19), the definitions
(18) seem to be more preferable than we have used above. .Unfortunately, it can be
shown that the inverse operator Q) does not exist in this case and the procedure
of integrating out the heavy component ¢* can not be performed.

This work was supported in part by the Kernforschungszentrum Jiilich under
contract No. ER-41154523.
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In the framework of the path 1ntegral approach we develop the veloclty
component formallsm for spm—% and -1 baryons coupled wrth pseudoscalar mesons
m the 11m1t of heavy baryons Startmg from the moxt g,eneral chlral meson baryon ’

lagrangran mcludmg the invariance of spm-— flc]d\ under pomt transformatron we-

detaxl various problems in’ 1ntegratmg out’ the heavy velocrty components‘

in the’ baryon fields and dertve the effecttve lagrangran for the hght components up
to 0(1 / baryon : i :

, The 1nve~.tlgatlon has been performed at the Laboratory of Partlcle Physrcx
JINR S , v :
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