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We study the various existing implementations of(Slbreaking in the hidden local symmetry model for
the low energy hadronic sector following a mechanism originally proposed by Bando, Kugo and Yamawaki
(BKY). We pay particular attention to Hermiticity and current conservation. Following this, we present a new
method for including symmetry breaking effects which preserves the BKY mass relation among vector mesons.
Symmetry breakindSB) necessarily requires a transformation of the pseudoscalar fields, which, following
BKY, we refer to as field renormalization. We examine the consequences of propagating this through all
Lagrangian terms including the anomalous ones. We thus explore the consequences of these various SB
schemes for both charged and neutral pseudoscalar decay constants as measured in weak and anomalous
decays respectivelyS0556-282198)05219-9

PACS numbgs): 12.39.Fe, 11.30.Hv, 11.30.Rd, 14.40.Aq

I. INTRODUCTION proposed a way which leaves théd sector of pseudoscalar
mesons unchanged while sharply breaking sheector. We
In a recent papdrl], it has been shown that the pion form vv_iII refer to this (outlined in Sec. Il] as the BKY mecha-
factor is described in a perfectly coherent way by the hidderism.

local symmetry(HLS) model proposed in Ref2]. Notice- Much attention to this S(B) symmetry breaking has fo-
ably, it has been shown thatyar " 7~ contact term is pre- Cused on its consequences for the anomalous meson sector

The aim of this paper is to study the consequences of the

foyQpmm original BKY mechanisnj6] in both the anomalous and non-
c=1- m () anomalous sectors. We use the full pseudoscalar field matrix
p (i.e. including the isoscalar secipin order to examine the

as predicted by the HLS model, whefig, andg,,.,, are the Hermitian version of the original BKY Lagrangid], as
usual coupling constants to respectively the photon and Well as one proposed by Bramon, Grau and PandiBi)

pion pair. In addition to providing a nice description of the [8] and one we introduce here. Our scheme allows one to
ete —m' 7 data, it was also shown that the resulting "€Cover interesting properties of both the BKY and BGP
phase ofF _(s) accounted for the predictedtz phase shift schemes, namely the mass relation among vector mesons of

[3] up to about 1 Ge\W, without further constraint. More- Ref. [6], and the current structure and conservation proper-
over. the values oF (4m2) and for thep-wave scattering ties obtained with the BGP scheme. In this scheme the cur-

length were found to agree perfectly with chiral perturbation®Nt coupling a vector meson to 2 psgudos_calar B,
theory (ChPT) predictions(see for instance Ref4]). This has a divergence proportional top—mp, which vanishes
gives a hint that the HLS model could successfully describdor massles$® andP’. We shall refer to this throughout as
other scattering data and that its extension to the anomalo@irrent conservation, because we only consider the case of
sector[5] could describe radiative decays of light flavor me- massless pseudoscalar mesons. Then in the physical case of
sons, with a very small number of free parameters. massive pseudoscalar mesons current conservation is broken
In the sector explored by Refl], one does not expect in the appropriate way, i.e. only by terms proportional to
effects of the SIB) symmetry breaking produced by the m,%—mi,,.
large mass difference between theguark and the lighu As recognized by BKY, their symmetry breaking mecha-
andd quarks. Other sectors such as the kaon form factors afism leads to a redefinitiofwe shall call this renormaliza-
most radiative decays are surely more sensitive to thistion) of the pseudoscalar fields, which has to be propagated
Therefore, a study of symmetry breaking within the HLSto all Lagrangian contributions. Focusing on the anomalous
model is ana priori condition toward a full study of its (Wess-Zumino-Witten WZW terms[11,12], we show that
relevance to low energy particle physics in sectors mixinghe symmetry breaking in the non-anomalous HLS Lagrang-
vector and pseudoscalar mesons explicitly. In order to proian, produces in this way a new breaking of the anomalous
duce this breaking, Bando, Kugo and YamawéKY) [6]  terms and we illustrate why it does not exhaust all breaking
effects(for example, these do not include loop effel8)).
This is of relevance for the physics af ' mesons, which
*Email address: benayoun@in2p3.fr has recently received much interest from various points of
"Email address: hoc@pa.uky.edu view [14-22.

0556-2821/98/5)/07400611)/$15.00 58 074006-1 © 1998 The American Physical Society



M. BENAYOUN AND H. B. O'CONNELL PHYSICAL REVIEW D 58 074006

The paper is organized as follows, in Sec. Il we brieflyvector mesons as the gauge bosons of a hidden local sym-
review the basics of the HLS model. Section Il is devoted tometry. These then become massive due to the spontaneous
an analysis of three “natural” variants of the original BKY breaking of a chiral(3), ® U(3)g global symmetry. Let us
mechanism for S(B) symmetry breaking. We show that, consider the chiral Lagrangidi23]
even when made Hermitian, the BKY scheme does not sepa-
rately conserve all currents occurring in the interaction La- 1
grangian, in the sense given above, while the unbroken HLS Lenira= 7 T d,Fo“FT], 2
Lagrangian does. The variant proposed by H8Rdoes, but
gives the vector meson masses the standard Gell- Mann
Okubo formula. We propose another variant which allows
one to obtain the phenomenolog|cally successful BKY masg’
formula (mym,,= mK*) and conservation of all currents. We
illustrate h.ow the BKY 'm'echanism, together with a depar—_}QLUgE_ We can write this in exponential form and ex-
ture from idealw— ¢ mixing, generates a mass difference pand
m,—m, which goes to zero with the symmetry breaking
parameter. In Sec. IV, we examine the consequences of the
pseudoscalar field renormalization implied by the BKY
mechanism, inre-)deriving the decay constarfit, and we
show how box and triangle anomalies are affected. Mos
lengthy expressions are left to the Appendix.

whereF (x) = fpU(X) in normal notation and, is a constant
with dimensions of mass. In practice, one identifies this pa-
rameter with the pion decay constdpt=f =93 MeV. This
exhibits the chiral U(3).®U(3)g symmetry under U

F(x)=fpe? P fe=f 4+ 2iP(x) —2P2(x)/fp+--- (3)

therefore, substituting into E@2) we see the vacuum corre-
sponds toP=0, U=1. That is,F has a non-zero vacuum
expectation value which spontaneously breaks th&),
®U(3)g symmetry[24]. The massless Goldstone bosons
contained inP, then correspond to the perturbations about

We shall examine the low energy sector, including thethe vacuum and we can think of expansions in this field
octet and singlet pseudoscalars within the context of the HLgiven by the Hermitian matri®=P?T? where the S(B)
model. Here we present a brief account of the H2S5,6/  generators are normalized such thatTRT®]= 62°/2. Thus,
model. The HLS model allows us to produce a theory withfor the pseudoscalars one has

Il. HIDDEN LOCAL SYMMETRY

1 1 1
_7TO+_7T8+_770 T K+

V2 6 ° V3
1 .

™ - — %+ =7+ — K
V3 J6 8 ‘/3770 , (4)

K™ KO _\ﬁﬂ'sﬁ'iﬂo
3 V3

S -

where we have included the singlet field assuming nonet pseudoscalar field®R(x), the ¢ fields also possess a scalar
symmetry* constituentS(x), and are thus characterized by

However, in addition to the global chiral symmetry, QCD
possesses a local symmetry. The HLS scheme includes sucBr.L(X)=€
a symmetry in Eq(2) in the following way. Let

IS0/ sg=iPO0/Tp, gR,L<x>Hh(x>§R,L<x>gI,R(-)
6

U(x)zg’[(x)gR(x) (5 Ascan l_ae seen from Ec15),_ Lechiral 1S Obviously invariant
under this local transformation. From now on, as per usual

where the¢ fields undergo a local transformatioh(x), [2], we removeS(x) and thusﬂ:gR:g. We may rewrite
which does not affect the chiral field(x). In addition to . explicitly in terms of the¢ components

f? T 12
One could allow for departure from nonet symmetry by affecting Leniral 4 T(duéLe~ dutrér) ™ )
the 7, field by a multiplying parametex to be fixed by the data.
Moreover, we will not address here the problem of the renormal-Theé Lagrangian can be gauged for both electromagnetism
ization scale dependence associated with the singlet pseudoscagitd the hidden local symmetry by changing to covariant de-
field (see[21,27 for instance. rivatives
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D, & r=d,é r—i0V,é rTieé rA,Q (8) _grangianz as (313 +(3*,3) rgpresentations. However, there
is no unique way to do this, though naturally one has to
recover the unbroken case smoothly when the symmetry
breaking parameter goes to zero. The initial BKY symmetry
breaking scheme was recognized as being non-Hermitian by
BGP who proposed a variant which restores Hermitif&y

whereA , is the photon four-vector an@Q = diag(2/3;-1/3,
—1/3) the charge matrix. The vector field=12T?, trans-
forming locally asV,—h(x)V ,h'(x)+ih(x)d,h'(x)/g, is

given by We shall now discuss each variant of the original BKY sym-
metry breaking schem(é&] in detail and present a new one.
(p°+ w)IV2 pt K**
V= 1 p- (—p°+w)lv2 K*O | (9) A. The BKY scheme
V2 K*~ K*0 & The BKY scheme introduces the symmetry breaking term
e=diag(0,0¢) through
In Eq. (9) w and ¢ correspond to the ideally mixed states. BKY 1, ; ;
The HLS Lagrangian is then given by, s=La+acly L= 7 pTM(DLE &L+ D& eav)ér)
where
(D frék+ D uérea &) 12 (1D
f2 f2 _ .
La=— vy TI[D & & — D &réll?=— 7 T L—R]? where the subscript& andV respectively correspond to the
— and + signs in the RHS of this expression. The relevant
components are, defining, yv=(1+¢€a ),
f2 f2
___F + t2—_ P 2
Ly=— 7 TND,& & +Duérérl™=— 5 THL+R] LY =TI (3PXp)2~ i (gU(Pea+ €aP)

(10
—e(PA—AP+PAes+AesP))dP X,

anda is a parameter which is not fixed by the theory. How-
ever, settinga=2 allows one to recover the usual expression
for vector meson dominan¢®MD) [2] and moreover, there

is some experimental evidenEg| thata is slightly (but sig-
nificantly) greater than 2. For this reason we shall keep track

+|(g(PEA+ EAP)V

—e(AP—PA+PepA+ exAP)) XpdP]

of a in the following expressions. E\B/KY:Tr[f%(gVXV—eA)(\/)Z
The full HLS Lagrangian is somewhat lengthy, so we
leave it to the Appendix, where it is given by E@\1). The +2i(gV—eAXydP(1—ey)P
photon and vector mesons acquire Lagrangian masses
through an analogue of the Higgs-Kibble mechanism; we +i(eA—gV)Xy(dPP+PIP)Xy] (12

will refer to these masses as HK mas$eBhe photon,
though, is seen to be massless once the vector meson correc. . .
tions to the vacuum polarization are included, thus preseer ere we hgve assumed the approprlatg contractions over the
ing EM gauge invariancéor a fuller discussion of this point It_)orenté |n|(_d||ces.tqﬂ2ﬂ t’hAM aﬂdtzﬂ' Egufgt[?n(ﬂ) can easily
see, for example, Ref26]). One should also notice that the € made Rermitian through the redefinition

singlet field 7, does not appear in the $8) symmetric HLS 1
Lagrangian. Lgyy— E(EBKY + Loyy) (13

lll. FLAVOR SYMMETRY BREAKING where one recovers smoothly the unbroken Lagrangian in the

To account for deviations from $B) flavor symmetry in  limit X,yy—1, as desired. This Hermitian version of the
the low energy sector Bando, Kugo and YamawdkK) BKY Lagrangian is given in EqA2). One should note here
[6] introduced symmetry breaking terms to the HLS La-that the BKY implementation of flavor symmetry breaking

produces an interplay of the singlgt field which is absent
in the unbroken Lagrangian. From H#2) we see the BKY

. . L ) relation for the vector meson masses
2In light of this model for low energy QCD it is interesting to note

the electric-magnetic duality where the elementary electric degrees m m
of freedom become strongly coupled, leading to confinement. The K6 Ji+cy. (14)
magnetic degrees of freedom, which are in the Higgs phase, can be m,  Mgx

described as composites of the electric ones. These magnetic par-

ticles typically include massless gauge bosons associated with Bhis is very well fulfilled by the Breit-Wigne(BW) masses
new magnetic gauge symmetry not present in the fundamental ele@f the corresponding vector mesong&7] for cy,~0.3.

tric theory[25]. Whether it should also be true for the HK masses is presently
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an open questiohOne should also note that no mass split-symmetry breaking parameters. There are two cases, where
ting is generated among theand @ mesons. current conservatiofin the sense defined just abowean be
In QCD the divergence of a general vector currépt  restored, as in the unbroken Lagrangian. The first one is the

—ay,b is proportional to the quark mass differencer,( unphysical case whergy=v2m°, the other case is =1,
—my). In ChPT[31] the squares of the pseudoscalar massete Georgi vector limit[32]. Pure VMD supposesa=2,
are proportional to linear combinations of the quark massedVhile existing data prefer a slightly larger valye] a
and hence to maintain this connection current divergences 2.4, inconsistent wittla=1 anyway. Stated otherwise, the
should be of the formi12—M2) and so should vanish in the original BKY scheme, even if modified in order to restore
absence of pseudoscalar meson mass terms. Therefore ithigrmiticity, does not completely maintain current conserva-
reasonable to use current conservatias defined aboyeo  tion under physically acceptable conditions.

constrain parameters and symmetry breaking mechanisms in

the interaction LagrangighEquation(A2) then leads first to B. The BGP scheme

the condition . o -
Having noted the non-Hermiticity of the original BKY

cp=acy (15) Lagrangian, BGH8] proposed the following variant to the

original BKY scheme:
wherea=2 reproduces VMO2]. Usually, it is simplyas-
sumedhatc,=cy, [6,7]. Examining the kaon form-factors at 2

f
s=0 we find L3=— 4 (D, & & FD,éréh)?
Frr(0)=1+ca, Fxo(0)=0. (16) X (14 & eavért Ereavel)] (19

It is thus clear that field renormalization is required and ) )
BKY [6] remarked that the appropriate field renormalizationyi€lding upon the relevant weak field expansion
is

LEP=TI(sPoP—ie(sP(AP—PA)
+(AP—PA)IP))(1+2€p)] (20)

Pr=(1+€x)YP(1+ep)*2 (17

Indeed, in addition to normalizing the kaon chafgg. (16)]
the pseudoscalar kinetic term is restored to its canonical form
o - LECP=TH (i12{[oP,P],(gV—eA)}
£Kinete= oK o oK & + IK QIK RO+ d s g
+egfR{VA+12g%V?)(1+26,)].  (20)

1
+ = (0m0amo+ ambomd+andand), (18)
2 TIRTIRTOERTIR T UARTIR The full BGP Lagrangian is given by EA4). A check of

where the subscrig®, stands for “renormalized.” Unfortu- the K* interaction terms finds current conservation guaran-
' ) teed, but as there is no connection betwegrandc,,, they

nately, this does not quite restore current conservation in the. " "’. = .
K* interactions terms as is clear from H#\3), which ex- remain independent parameters, at this stage. One should

i g note that the BGP variant does not invoke the interplay of the
pressesL "(K* K, m®, 7o), due to terms quadratic in the singlet field o, as opposed to the original BKY scheme
which does.

The other results of the BGP symmetry breaking scheme
3The vector meson masses reported by the Particle Data Grougere alluded to in general by BKY for any Lagrangian lack-
(PDG are quite generally obtained from parametrizations assuming‘ng s terms, and the following relations are easily recog-
the (Breit-Wignep form s—mé—imyI'y(s) for the vector meson nized as linear truncations of the BKY results. The vector

propagators in fitting expressions. In order to get@pproximate  meson masses are given by the Gell-Mann—Okubo formula
estimate of the HK masses, one should rather use propagators writ-

ten likes— m\z,—Hv(s), wherell,,(s) is the vector meson vacuum 9 ) ’ 9 2 2
polarization. Although there is some hifi2g], that the meson Mix — MG, =My —m,, =cyafpg (22
masses defined in this way could be significantly different from the

usual (BW) masses, other studies predict negligible contributionsWhiCh is less phenomenologically successful than the BKY
from the real part of pseudoscalar meson loops to vector meson

masses, apart from— 27— p [29]. This is further complicated by felation anan,,=m, . Using the numerical values from PDG

the model dependence of traditional mass extractji@0$ and we [27],_th|s relation |mp||e51:\,=0..3~0.4. L
shall not discuss this matter any further here. It is clear from the expression of the pseudoscalar kinetic

“From a phenomenological point of view, this assumption en-ENergy term that the_BKY prescrlptl_on for field renormaliza-
sures that the coupling of a vector meson to two pseudoscalars c4fPn cannot change it to the canonical form. In order to get
be generally writtere), - (0, — p,)#, with the massive vector particle this, one has to perform another change of fields. As per
having three polarization statédenoted by)), as usual. The as- usual, we findmg=m and Kg=K/\1+c,, where the sub-
sumption about current conservation prevents to rather havecriptR stands for “renormalized fields,” while for the iso-
Afi}'(plfpz)’”r Bei\,,'(p1+ p2)#. scalars, we have
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1 2 ol 1 ] explicitly guaranteed. As for the BGP scheme, in contrast

8= | —+1 7-r§+ —|1- == 77% with that of BKY, the pseudoscalar singlet field, does not
3[Vi+2cy 3| Vi+2c,) occur in the broken Lagrangian. This could be inferred by

looking at Eqs.(26) and (27) for which symmetry breaking

enters only through the combinatiois, \, unlike Eq.(12).

0 v2 1 5. 1 1 tol0 In this new scheme, as for BGE, andc, remain unrelated.

=1 |+ — ) . '
73 1+ 2c, RT3 _ 1+2c, | 7R As a final check we examine the kaon form factors and find

(23) Eq. (16) holds for generah.

. . D. The p-w mass splitting
which has clearly a smooth limit faz,— 0. Therefore, the

BGP prescription, even if slightly more complicated to All symmetry breaking schemes outlined above, predict
renormalize than the BKY scheme, allows one to recover al'® mass splitting of the and » mesonsloop effects could
expectations. We have already commented on the mass fdP€ important her¢28,29). It should however be remarked

mula, which cannot be presently considered as fully concluthat what have been called, up to noyand w are ideally
sive. mixed states, where is purely non-strange and is purely

strange. There is however, strong experimental evidence
that, even if the mixing is close to ideal, it is not exactly
ideal. Then the question arises as to whether a departure
We have shown that the BKY schent@nce made Her- from ideal mixing can(or should be accounted for at the
mitian) fails to preserve current conservation for the?(7,) level of the Lagrangian itself and if the BKY symmetry
sector, whilst the BGP scheme, though ensuring current corbreaking mechanism is able to contributegte mass split-
servation, seems less successful in reproducing the observedg. As ideal mixing is not a fundamental symmetry, this
accepted vector meson mass splittji@g]. We therefore in-  may not be actually considered as a symmetry breaking ef-
troduce breaking in the HLS Lagrangian in such a way thafect.
the desirable features of both previous studies are repro- For w and ¢ being considered as the ideally mixed states,
duced, namely the BKY mass formula and current conservawe can define, the physical states, and ¢p, by
tion in all interactions. We generalize EG.0) through

C. An alternate scheme

wp=w COSS+ ¢ SiN S, ¢p=d¢ COSH—w Sin d
o orils | T (28
Lav=— 7 T(L+R)(1+ (&L e vErT ErenvEL)/2)]

(24
] o _where § can be determined by the ratio of the measured
which has also a smooth unbroken limit. The terms we W'"coupling constant§16] g0, andg, o, which is found to
Ty Ty

be interested in are then given by correspond to taé and gives about 3.25 degref%15,33.
The corresponding vector mixing anglg is therefore of the
£2 order 32 degrees, slightly smaller than its ideal value.
Lay=— P TH(LFR) XA (LTR)X4 ] (25) If one performs this change of variables in the unbroken
' 4 ' ' HLS Lagrangian[see Eq.(Al)], the mass term is strictly

conserved, and only couplings of the physiegl and ¢p to

pseudoscalar mesons are changed by terms of the order
and hence sin =6x10"2 or higher. In the broken Lagrangians, the

situation looks slightly different. The transformation gener-

. ates ap-w mass difference
LAa=TI[IPXpdPXs+2ie(PA—AP)XA0PXa] (26) o

2_ 2N 2 :
£V=Tr[f§,((gv—eA)XV)2 (mp—mw)/mp—cv(2+cv)sm25 BKY, new scheme

+i(gV—eA)Xy(IPP—PIP)Xy]. (27) =2¢y si?5 BGP (29)

It is obvious from these expressions that the field renor-
malization prescription of BKY[6] is relevant in this new  ®In order to stay consistent with the usual custom in the effective
scheme. The kinetic pseudoscalar term is renormalized byagrangian community, we shall use the ideeb be +|ss), while
the same procedure as for BKY. The full expression for theanother usual custorft5,27 prefers—|ss), which allows one to
corresponding Lagrangian is given in H&5). We also see  get these ideally mixed states from the standard isovector singlet
the quadratic BKY relation between tlae K* and¢ masses and octet states by a normal rotation matrix, without any change of
of Eqg. (14). What is more, like BGP, current conservation is sign.
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while leaving thep mass modified, with respect to the ideal L %\F('HGW: —2fpTH A(1+ €4)dP(1+€p)] (33
¢, by a negligible amoun(a factor of the order co8). If one
considers likely values foc,, (=0.3), this generates grw . BGP
mass splitting of about 2 to 3 MeV. while for £ one has
However, the original mass term for vector mesons in the
broken Lagrangians also generates a transition term fspm
t0 ¢p: L8 =—fpTr (0PA+AJIP)(1+2€p)]. (34)

—wp¢psin 25X cy(2+cy) BKY, new scheme Constructing axial currents of the appropriate quark flavor

one finds, for the renormalized pion and kaon fields in all

X 2cy BGP B0 three models,

which addswp— ¢p direct transitions to the usuglto vector
meson direct transitions. It should be noted that such a term

(which vanishes in the unbroken limiting casi small(its L aop= —Vifp[(aﬂw,;vLaﬂw;)A“(ud)
coupling is of the order 1% ah?), and probably inefficient + _
because of the large mass diffperence between these mesons. +tV1+Ca(d,Kr+3,Kg)AX(US)] (39

Moreover, it comes supplementing already existing transition

effects by means of th& K loop effects. Whether such a
term could be experimentally visible is thus not obvious toand hence
answer. It is however interesting to see that a very small

admixture ofssinside thew is able to generate and explain

a small mass splitting between thend » mesons by means fi=fp, fu=(1+cp)¥?f - (36)
of the BKY symmetry breaking mechanism, which vanishes

with the symmetry breaking parameter.

and we see thafp is just the usual pion decay constant
IV. PSEUDOSCALAR DECAY CONSTANTS ~93 MeV. For the BKY scheme this gives a prediction for
AND ANOMALIES the kaon decay constant

We are now in a position to determine the pseudoscalar
decay constants, and examine some consequences of the
pseudoscalar field renormalization implied by the BKY sym- fu=(1+cp) Y% +=(1+2c\)¥f _+~1.26f .+ (37)
metry breaking mechanism. We have of course to distinguish
the case ofr®, n and 5’, which proceed from the low en-

H + + 0
ﬂ(?y anomalous Lagranglahlsl,lﬂ,_ from 7=, K=, KTand  \yhich is in very good agreement with experiméa?]. For
K™ mesons, which can be determined from the pseudoscal@oth our new scheme and that of B&Ris a parameter to fit

meson coupling to an axial vector field. to data, thus using the experimental redylff +=1.22 we
find c,=0.49. It is likely thatc, can also be derived from
A. Decay constants from non-anomalous sector scattering data like the kaon form factors or radiative decays.

The charged pseudoscalar decay constants are measured
in weak decay®* —|=+ v, andP=—I|* + v,y [27]. There- B. The anomalous sector
fore to examine this in the HLS model we need to include

. The neutral decay constants, however, are measured in the
axial vectors,A,,, through[34] Y

anomalous processé®— yy. Therefore we cannot obtain
them in the previous manner but rather from analyzing the
D & =(d.—iqV.+ig.A , anomalous L_agrangian_s. We shall not considt_ar explicit sym-
pE= (0,7 10Vu 104, 6 metry breaking terms in the anomalous action, but rather
propagate the pseudoscalar field renormalization into the
D £o=(d.—igV. —id.A _ 31 anomalogs Lagranglgn.As will be seen, this induces symme-
pér=(0,71V,—10a4,) Er S try breaking effects in a way not previously reported. The
field renormalization are given by E@L7) for the original

The pseudoscalar decay constants defined thréugfe that BKY scheme and our proposed method, and by @8) for

unlike the mini-review of Suzuki in Ref27] we includev2)  the BGP variant8]. .
It has been claimei7] that the singlet and octet decay

constants can be determined by renormalizingsthend 7°
(O|AM|P(q)>=i\/§qu# (32 fields with the (square root of the coefficients in front of
(97%)? and (97°)? in Eq. (A2), leaving aside the mixed term
are determined from thed*d,P interaction (set ga=1), am8an°. Even if, numerically, the results could look inter-
which for £BXY and £ is given by esting[7] compared with expectatiof81,35, the procedure
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seems questionable, as any reference to the triangle anomalysing Eqs(17), while using Eqs(23), the BGP variant gives
which controls the two-photon decays of, » and 7', is
missing.

A convenient form of the Wess-Zumino anomalous action [BGP_ c€ prapp £
[11] was constructed by Wittef2], and although this has P 487-r?fp“3 wv' op
been generalized to include vector mesf®®,1d we shall

2

here consider only the soft limit in which they play no role. « 3 N 5y1+2cp—2 8. 5V1+2cp+1
However, the field renormalization performed in the HLS 2 63Vt 2c, TR 361t 2c, 7R
Lagrangian has clearly to be propagated to all possible Ca Ve Ca
(anomalousterms. The two relevant interactions ayB PP (42)

and yyP. For the first we have

ieN, Therefore the BKY mechanism for(B) breaking leads to
,Cyppp=Ts“”“ﬁAﬂTr[QavPaaPaBP] (38 a new modification of the anomaly equations which leaves
37t the usual box anomaly termgm 7" (7% 7/ 5') and the
. o . coupling yy=° unchanged, while changing only slightly the
where ourfp is half Witten's F [12]. Renormalizing the triangle anomaly equations fary(7/5') (see below for nu-
bare pseudoscalar fields through EG7) or Eq. (23 we  arical estimates This is in contrast with Kisselev and
express Eq(38) in terms of the physical pseudoscalar fields, petroy[21] who find a stronger breaking affecting both the

N anomalous triangle and box couplings of pseudoscalar me-

Lo+ —po=— € ghvaBp sons, keeping them structurally unchanged. Leutwyler on the
ymm 12723 # other hand predicts a deep change in the structure of the
triangle anomaly matrix elemerf22]. Feldman and Kroll
P i[} B4 \ﬁ P 01 [20] also break deeply the structure of the triangle anomaly.
R R 3 Ov7IR Examining the full effect of the BKY symmetry breaking

schemes requires a refitting of all data on the box anomaly in
xaawg dpmR - (39 order to stay consistent with the HLS model and accurately
test all its assumptions in the anomalous se¢&r This
No symmetry breaking results from field renormalization inwork, which goes far beyond the aim of this paper, is pres-
any of the three implementations of symmetry breaking forently under way{33].
all ym* 7~ P? vertices; things are, of course, different in  Equation(39) clearly shows that the change of fields re-
other sectors. This is easily understood in terms of the ungquired by the BKY breaking mechanism does not exhaust the
derlying quark substructure for such a process in whictsthe expected symmetry breaking effects as this would imfgly
guark responsible for symmetry breaking cannot contribute=fg="f_. Therefore higher order effects have to be ac-
More precisely, this follows from the fact that all variants of counted for when using Eq39); they can formally be de-
the BKY symmetry breaking, leave invariant the combina-scribed by changing appropriately a factorfefto f ., fg
tion of 78 and 7° fields (or of » and #’ fields) which cor-  and f, depending on thdrenormalized field it multiplies

responds to thaiu+dd field component. This is indeed a (T&. Tk, 7%), While the two remaining powers df have
specific feature of all implementations of symmetry breakingto be changed td .. Consistency then implies the corre-

discussed here. sponding changes in the relations for the triangle anomaly
The anomalous Lagrangian for the decRy-yy, is  couplings(41) and(42).
given by[12] Then, the couplings occurring in theyP sector are to be

affected by weighting factors, relative to the unbroken case,
which result in

N.e?

L, p=— s— e *PE  F .5 TIQ?P]. (40)
T 16wt g 1 1 1 1221 094

EHE, EHT’ fo_)? BKY, new scheme

In the original BKY scheme, as well as the new scheme, we

find
1 1 1 1191 0.72 BGP 43
f_f.fg  fg ' fo  fo' (43
N.e?
BKY, va,
L™= T a8, PFuFap o
usingc,=0.49.
W% 3+5c, 6-+5C, Using Egs.(39) and (41) [or (42)], one can easily write
- 73 % NG %, down the matrix elements foryw* 7 (7% 5/ 5') and
6 3(1+ca) 3V6(1+cn) yy(7° 9l ") after introducing the physicaj and 5’ fields

(41)  through[13,17,19,27

074006-7



M. BENAYOUN AND H. B. O'CONNELL PHYSICAL REVIEW D 58 074006

7=C0S 0w§—sin 9,7%, 7' =sin gwg+ cos gng, (44) vector mesons once symmetry breaking has occurred. The
broken Lagrangians in both cases depend on two indepen-
dent breaking parametecs, andc, . Data frome*e™ anni-
which leaves the pseudoscalar kinetic energy term with itdilations could allow one to fix them with a consideration of
canonical form(no n— %' mixing is introduced for each radiative decays of light mesons to check their consistency,
variant of the BKY SU3) breaking schemes. This breaks theand thus the relevance of the BKY symmetry breaking
anomaly set of equations in an original way, i.e. the boxmechanism. Moreover, some work is still needed in order to
anomaly equationginvolving y7* 7~ P°) are strictly un- see whether the mass relation for vector mes6@sll-
changed, while triangle anomaly couplings undergo modesvflann—Okubo versus Bando-Kugo-Yamawakias to be
symmetry breaking effects under realistic conditions. This isconsidered conclusive.
indeed obtained by including theequark symmetry breaking We have also shown that the field “renormalizatiofor
while keeping theu andd degenerate. Of course, all anoma- transformatiop following from the BKY symmetry breaking
lous terms within the HLS approadB], undergo breaking mechanism modifies in a very mild way the anomalous

by this field renormalization. WZW Lagrangian terms. This contrasts with several other
The full physics consequences of this breaking mechaproposed mechanisms.
nism is under consideratidr33]. A full phenomenological study of this symmetry breaking
mechanism may allow us to answer the question of the ex-
V. CONCLUSION perimental relevance of the HLS Lagrangian. The present

. _ hint, relying on several studies, is optimistic.
We have shown that a few variants of the (SlUbreaking

mechanism proppsgd by BKY6], a!low one to mainta!n ACKNOWLEDGMENTS
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sector implies the unrealistic condition thet 1, in contra-

diction with VMD (a=2) and data ¢=2.4). It remains to APPENDIX: LAGRANGIAN EXPRESSIONS

find places where possible departures from the usual assump-

tion of the current conservatioas we defined jtcan be Here we present expressions for the full Lagrangians. For

tested, and which arises only from symmetry breaking efall Lagrangians, especially the &) broken ones, expres-

fects in the HLS Lagrangian. sions are given in terms of bare fields in the sense of the
However, the new scheme we propose, as well as thBKY [6] pseudoscalar field renormalization.

BGP scheme, maintain this current conservation. They Defining (PJdP'=PdP’'—P’'dP) the original(unbroken

mainly differ from each other by the mass relation amongHLS Lagrangian can be expanded as follows:

2 af?g? _
EHLszgae2f§A2+ %g(p2+w2+ d?) +afig?(ptp +K* TK* ~+ K*OK*0)
o V2 i -
—aefig pr3 -3 | A E[agp+e(2—a)A].[w*aw*]

+ l—l[ag(p+w—ﬁ¢)+2e(2—a)A]-[K*3K+]+ %[p—mﬂd,]-[w’ﬁ@]

ia - - ia — o -
+ —gp+[K*aK°+ﬂw°aw*]+ —gp*[KOawafzw*awo]
2V2 2V2

ia — o - - lag — - - -
+TgK*O[Koo"WO+\f27T+&K7+\f3778(9K0]+TgK*O[Woo"K0+\f2K+¢9777+\f3K0&7TB]
iag

+
4

- - - ia - - -
K* [KTom+v2Ka 7t +v3K T an]+ TQK**[woaK*Jrﬁw*aK%ﬂwsaK*]. (A1)

The BKY Lagrangian, S(B) broken as prescribed in Rd6] is, after Hermitization,
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L= (1+cp)dK 0K +(1+cp) IKOIKO+ a7t ™ + (1/2) a9 m®
1

2 1, %) .
+§ 2 1+ §CA+ §CA &ﬂoaﬂo_?CA(Z"f‘CA)a?]OaW

4 2 1
1+ zca+ §cf\) amlomt+ <

2 2cy C5
+ae2f§,A2[—+ =ty

R +ag?fa(ptp +(1+Cy)(K* TK* T +K*0K*0))

0y 1 v 1+cy)?
P 3(1) 3( CV)¢

1
+Eangé,(poanw2+(1+cv)2¢2)—aegf2A
ie 2 - T+ 2 05K 0
+—A[(3(1—a/2)+acV/2+(3cA—cA)/2)K JK™ + (acy+ca/2)K 9K™]
+ie(l—al2)Am~ (977++ g p%[(a(l—cy)+cp) (K dK* +KOGKO) +2am dn*]

ig + - 9K0 05— g _ +9K0 05+
+— a(l—cy)+cy)K oK +v2an’s - — a(l—cy)+cy)K oK +v2an-s
21/2p [(a( v) A) mim | 21/2p [(a( v) A) mim”]

+Ew(a(1 cy) FCa) K dK* — KO&KO]—F¢(a(1+cv)+cA+cA)[K KT —KO9KO]

| — —
+ZgK*O[(a+cA)(KOaWO—\/QK*af)—a(1+cv)(w°aK°—\/2w+aK*)]

ig —

— Zg K*O[(a+cp)(KCamP—v2K T om ™) —a(1l+cy) (7oK —v27 9K ™)]
[

+ ZgK* [(a+cp) (KT amP+v2KPam ) —a(1l+cy) (720K T +v27t 9KO)]

[ _ _ _
- ZgK* T(a+ca) (K™ am?+v2KO9m ) —a(1+cy) (79K ™ +v27m 9K®) ]+ L M(K* K, 78, 7o) (A2)

where

Eint(K*,K,WS,’I]O)ZigK*O

1 8 91¢0 2 2\\ 1z 0 8
R{(3a+4cA—acV)w IKO—(3(a+ca)+2(ca—acy))K2%78

+ i{(C,ZA_ ac?)K%79o—2(ca—acy) 7odK°}
26

_igi*o

1 8 0 2 2 0 8
m{(3a+4cA—ac\,)w JK”—(3(a+cp) +2(ca—acy))K am®}

\/—{(CA acy)K 9mo—2(ca—acy) 7oK’

+igK* ™~

1
m{(3(a+ ca)+2(ci—acd))K ' an®—(3a+4cy—acy) meoK *}

1
+ ——{2(cpa—acy) nedK " —(c2—ac?)K* 4
2\/6{ (Ca v) 70 ( A v) 770}

1
—igK** R{(3(a+ ca)+2(ci—acd))K ™ am’—(3a+4c,—acy) meoK "}

(A3)

1
+ m{(Z(cA—acV) 709K~ —(ca—acd))K o} |.

The HLS Lagrangian broken following the BGP prescription of R&f.is given by
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4V2cy

1 4c
LBoP=2 [(&WO)Z—F ( 1+ TA) (9m®)%+

2c
1+ %)(0770)2— (9778(9770}

+(14Cp)dK Kt +(1+cp) IKOIKO+ dmr* dar™

2ae’f3
3 P (1+cy/3)A2—aeg A

04 2 (1420 2
P T3 ( Cv)3¢

a acy
T

+ieA > 3

- ac ——
K~ K"+ TVKOaKOJr

a P
1- E) T o’

1 _
+ang%[§(p02+w2+(1+ZCV)¢2)+p+p_+(1+CV)(K*+K* T+ K*OK*O)}

ia - -— - - —
+ Tg[pO(K*aKWK%K% 27 dm )+ (K dKT—KP9KO?)]

iag +(K~ JKO 09, — —(K+ 35K0 09, + iag + 9K — 05K0
+— KToK +V27°dm ) —p (KT oK +V27 dm )]+ —(1+2¢C KoK~ +K%K
2‘fz[p ( )=p ( )] 2‘/2( v)él 1
iag(1+c — o - o iag(l+cy) — - - -
+yK*O[KOaw%\QHaK‘+\/§wsaK°]+yK*O[woaK°+\f2K+aw‘+\/§K°aw8]
iag(l+c - - - iag(l+c - - -
yK*_[K+r7770+\/?K0r9ﬂ'++\/3K+r9778]+%K*+[770r9K_+\/§77_r9K0+\/§778(9K_].
(A4)
The HLS Lagrangian broken as proposed following our new scheme2By.is given by
Loew=(1+Ca) K™K+ (1+n) IKOOKO+ dm* dr ™+ (1/2) 979 m°
4 2 2 1 V2ca
+§ l+§CA+§C§ 0'?77819778+(l+§CA+§C%\)017007770}—T(2+CA)(97]O(9778
2 2cy Ci 1 V2
2620205 SRV PV 0, — 2_ 7
+aefPA[3+ TR aegfRA| p +30-(1+cy) 34
- acy(2+c P -
+ieA| (1—a/2+ca—acy(2+cy)/6)K ™ 9K + MK0aK0+(1—51/2)77—(977+
122022 242 + - * ek — 4 *0px0
+§afpg [p” + o+ (1+cy)p“+2p p~ +2(1+cy)(K* TK* T+ K*PK*?)]
iag o - o o -
+T[pO(K IKT+KO9KO+27 dmT )+ w(K™ dKT—KO9K?)]
. . 2
"ag . o0 0y, _— -(K+ K0 05, _+ lag(1+cy) + 95— 1 k0TK0
+— KToK*+V27° 97~ )— KPoK*+vV27P9 7 ") |+ —————— d[KT 9K~ +K 9K
2\/2[p ( )=p ( )] W ¢l ]
iag(1l+c — o - o iag(l+cy) — - - -
Q(T\/)K*O[Koawoﬂf%r*aK’+1/§778(9K°]+Q(TV)K*O[woaK°+1f2K+&w’+1f3K°ﬁTrS]
iag(l+c - - - iag(l+c - - -
+yK**[K+0W0+\QKO&W++\T3K+&778]+MK**[w05K7+1f21770”K°+\/§778&K*].
(AS5)
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