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　　　　　　　　　　　　　　　　　　　Abstract

　　We　investigate　loop　coHections　to　the　successful　tree　level　predictions　of

the　hidden　local　symmetly　in　the　SU(2)£XSU(2)R　nonnnearsigma　model:
The　KSRF　I　lelationasa“1ow　enelgy　theorem"　as　weH　as　the　fcoupnng

univelsaJity,the　KSRF　H　lelation　and　the　vector　meson　dominance　of　the

electlomagnetic　form　factor　of　the　pion.　VVe　show　that　these　predictions　are

preserved　in　the　low　enelgy　nmit,　even　if　we　indude　the　loop　coHections　of

the　hidden　local　gauge　boson.　Most　amazingly,　the　vectol　meson　dominance

holds　at　any　momentum,　if　and　only　if　we　take　the　parameter　choice　α=2.

VVe　fulthel　calculate　the　βfunctions　fol　the　para･meters　αand　the　gauge

coupnng　!7,　and　show　that　the　“vectol　limit"　(α=1,　!7　=O)coHesponds　to
an　ultlaviolet　fixed　point　of　the　βfunctions.

*This　paPer　is　based　on　the　work　done　in　collaboration　with　K.　Yamawaki[1]



I　　lntroduction

lf　we　set　the　massesof　u　and　d　quarks　equal　to　zero　in　QCDμhe　Lagrangian　is

invariant　under　the　SU(2)LXSU(2)R　chiral　symmetry.　Thevacuunlof　the　theory

spontaneously　breaks　this　symmetry　into　its　subgrouP　SU(2)V(for　a　review　of

the　chiral　symmetry　breaking,　see,　for　examPle,　Ref･[2D.　This　broken　symmetry

leads　to　the　three　massless　Nambu-Goldstone　(NG)bosons　couPled　to　the　broken

axia1-vector　currents　(Nambu-GOldstone　theorem),and　determines　the　low　energy

interactionsanlong　such　NG　bosons(low　energy　theorems　of　chiral　symmetry)in

terms　of　the　decay　constant　(the　strength　of　the　couPling　of　NG　bosonsto　the

broken　currents).

　　ln　the　real　world,　since　thenlassesof　u　and　d　quarks　are　tiny　in　comParing

with　the　scale　of　the　theory　(for　a　review　of　quark　masses,　see　Ref･[3]),the　QCD

Lagrangian　has　an　aPproximate　SU(2)LXSU(2)R　chiral　symmetry.　The　Pions

are　identmed　with　the　Pseudo-NG　bosons,　and　the　low　energy　theorems　should　be

aPProximately　valid.　Then,　by　using　the　current　algebra,　the　matrix　elements　for

the　soft-Pion　interadions　canbe　determined　from　the　symmetry　strudure　only･

Wecan　nloreeasily　calculate　the　same　matrix　elements　from　an　SU(2)LXSU(2)R

invariant　efrective　Lagrangian.　The　non-1inear　sigma　model,　which　includes　the

Pionsonly,　weH　describes　the　low　energy　pion　dynamics.

　　Recently,　the　systematic　method　to　consider　the　pion　looP　contributions　is

studied　in　the　non-linear　chira1　Lagrangian　(“Chira1　Perturbation　Theory"[4,　5,　6]

(lor　a　recent　review,　see　Ref･[7D).　ln　the　chiraI　Perturbation　theory,　the　Pion

looP　yields　Predidions　beyond　that　of　the　low　energy　theorem,　which　successfully

reproduce　the　results　in　the　energy　region　slightly　away　from　the　low　energy　limit.

But　it　has　many　unknown　parameters　(finite　Parts　of　thecounter　terms),whose

valuesare　not　determined　from　the　symmetry　structure.　Moreover,　wecannot　use

this　model　in　the　higher　energy　region,　because　of　the　pmeson.　As　Pointed　out

in　Refs･[8,　9μO],the　tree-level　efreds　of　the　pnlesonsaturate　the　above　unknown

Parameters.　Sovve　can　exPed　that　the　efrective　L　agrangian　induding　the　Pionand
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thepnleson　candescribe　the　results　in　a　wider　energy　region.　Actually　as　shown

in　Refs･[9,　11,　12],the　looP　efrects　of　vectorlnesons　arecrucial　to　the　7r+-7ro　mass

difrerence[131.

　　Now　that,　the　pmesons　as　well　as　the　Pions　Play　an　imPort　ant　role　in　the

low　energy　ha£1ron　dynamics,　so　that　we　introduce　the　pmesons　and　the　pions

toanefredive　theory　in　a　systematic　way.　Among　such　aPProach,　a　model　based

on　the　hidden　local　symmetry　has　well　succeeded　in　describing　the　system　which

indudes　the　pionand　the　pnleson.　ln　this　model,　the　pmesonis　identmed　with

the　dynamical　gauge　bosonof　the　hidden　local　symmetry,　[SU(2)V]local;(for　a　re-

view,　see　Ref･[2]).The　Lagrangian　is　invariant　under　the　[SU(2)LXSU(2)R]globalx

[SU(2)V]local　symmetry.　This　symmetry　is　sPontaneously　broken　into　its　subgroup

SU(2)V.　Then,　the　hidden　gauge　boson(pmeson)has　its　own　mass　through　the

Higgs　mechanism.　ln　the　hidden　local　symmetry,　we　have　only　three　Parameters

in　the　low　energy;

　　1)μ:the　pion　decay　constant,

　　2)μ:the　decay　constant　of　the　would-be　NG　bosonabsorbed　into　the　hidden

　　　gauge　boson(pmeson),

　　3)g:　the　hidden　gaugecouPhng　constant.

　　ln　the　low　energy　exPeriments　for　the　plnesons　and　the　pionsjt　is　imPortant

that　we　investigate　the　p7r7r　couPling　constant　!797r　and　the　p-7　transition　strength

‰as　weH　as　the　p-meson　mass　m｡,which　are　determined　from　the　above　tree

Parameters･(See　sed.　3.)For　the　Parameter　choice　a　=2(a　is　delined　by

j°αμ[14,　15D　in　the　hidden　local　symmetry　Lagrangian,　wecanreProduce　the

following　PhenonlenologicaHacts[16];

　　1)thep-couPling　universality,　g｡7r=g[17],

　　2)the　KSRF　relation　(II),mj　°　2jg}7r[18],
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　　3)thepmesondominanceof　the　electromagnetic　k)rm　fa£tor　of　the　Pion[17]･

Furtherlnorethis　modeI　Predids　the　successfuI　KSRF　relation　(I)[18],

　　　　　　　　　　　　　　　　　　　!7ρ=2%7r7rj,

as　a　“1ow　energy　theore�'of　hidden　local　symmetry[19]･
　　Wecanintroduce　thepnlesons　as　antisymmetric　tensor　fields　into　the　chiral

Lagrangian[5,　9].　ln　such　a　mode1,　the　pmesons　transforms　as　the　ordinary

matter　content　under　the　SU(2)LXSU(2)R　chiral　symmetry.　Since　thereexists

no　lnorethan　the　chiral　symmetry,　the　Parameters　%and　g｡7r　mentioned　above

(corresPonding　to　j¥and　Gy　in　the　notation　used　in　Refs･[5,9])are　indePendent.

Then　the　KSRF　relation　(I),%゜2μ1‰π7r,　is　just　an　inPut　relation　from　the

exPeriments.

　　Recentlyμhereare　nlany　lield　theoretical　apProach　to　the　Possible　vectorres-

onances　in　the　strongly　couPled　Higgs　sedor　or　the　technicolor　model.　Although

it　is　unlikely[20]that　the　p-like(techni-ρ)resonanceexists　in　the　strongly　couPled

Higgs　sedor,　we　do　exPect　sucha　resonancein　the　technicolor　mode1.　Thevec-

torresonancesPlay　anessential　role　to　constrain　the　technicolor　model　from　the

experiments[21].　Thus　it　is　important　to　consider　an　efrective　theory　induding

the　vectorresonancesfor　the　technicolor　model.　Actually,　the　above　hidden　local

symmetry　Lagrangian　has　been　aPPlied　to　this　kind　of　model　(“BESS"　model)[22]･

For　instance,　theonedoublet　technicolor　model　has　the　SU(2)LXSU(2)R　chiral

symmetry　with　SU(2)LXU(1)Y　gauging.　The　NG　bosons,　which　aPPear　as　a

consequenceof　the　sPontaneous　symmetry　breaking,areabsorbed　into　W　bosons.

Then　the　longitudinal　comPonents　of　ly　bosons(FI/λ)corresPond　to　the　Pions　and

the　vector　resonances　corresPond　to　the　gauge　bosonsof　the　[SU(2)V]I｡cal　hidden

local　symmetry.　Furtherμhe　loop　contributionsof　the　vectorresonancesto　the

vertices　among　the　W　boson　and　fermions　have　been　studied[231.

　　Now,　we　think　the　efredive　theory　as　an　“e‰dive　field　theory"　and　calculate

the　looP　corredions.　At　that　time,　we　need　the　manycounter　teHns　torenor-

malize　the　divergence.　Thus　we　get　therenornldzation-grouP　equations　for　the
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parameters(finite　Parts　of　thecounter　terms),which　are　fixed　by　the　underlying

dynamics.　Through　theserenornlalization-group　equations,　we　canget　the　Param-

eters　in　the　higher　energy　region,　lor　example,nearthe　cutofr　scalejn　which　the

eflective　theory　breaks　down.　lf　we　determine　the　parameters　from　the　underlying

dynamics　in　such　a　high　energy　region,we　candirectly　relate　the　low　energy　pa-

rameters　to　the　underlying　dynamics.　For　instance,　the　dynamics　of　QCD　should

have　determined　the　value　of　the　Parameter　a,　which　is　imPortant　to　the　above

successfill　predidionsof　hidden　local　symmetry･

　　ln　the　QCD　case,　however,　there　exist　many　heavy　Partides　in　the　higher

energy　region.　Sowe　cannot　directly　relate　the　above　hidden　local　symmetry　to

QCD.　ln　such　region,　we　consider　the　theory　induding　the　heavy　Partides,for

example,　the　al　nlesons.　(ln　the　generalized　hidden　local　symmetry　Lagrangian,

we　can　also　indude　the　al　mesons　as　well　as　pnlesons[14,　24]･)ln　the　lowenergy

efrective　theorydhe　contributions　from　the　heavy　Partides　are　induded　in　the

counter　terms.　Actually,　Gasser　and　Luetwyler　Presented[6]that　the　looP　efrects

of£andηnlesonsare　included　in　thecounter　terms　in　the　SU(2)LXSU(2)R　chira1

Lagrangian･(As　is　mentioned　above,　thepmeson　contribution　almost　saturate

these　counter　terms,　so　that　contributionsof　f　and　ηare　negligibly　sma11　[9]･)

　　ln　this　PaPer　we　take　the　hidden　local　symmetry　Lagrangianasthe　effedive

Lagrangian,　and　consider　the　loop　effects　of　its　gauge　boson(pmeson).We　investi-

gate　whetherornot　the　above　successful　tree　Predidionsof　hidden　local　symmetry

survive　the　looP　corrections.　ln　Particularjt　is　imPortant　to　study　the　looP　effects

to　the　above　“1o゛　energy　theorem'≒%゜2‰7r7rj,　so　that　゛e　calculate　the　looP

corrections　in　the　low　energy　limit　as　a　nrst　step　of　such　an　investigation.　The

“low　energy　theorem"　is　a　consequenceof　the　hidden　local　symmetry,　hence　it　is

important　touse　l&μ//F9e&Fe6　jμe�Qm(would-be　Nambu-Goldstone

boson,　Faddeev-POPov　(FP)ghost　as　well　as　pmesonitself).ln　the　chiral　Pertur-

bation　theory,　the　Pion　loop　yields　no　corredion　in　the　low　energy　limit,　as　Proved

with　the　naive　Power　counting　in　Ref.[4].ln　the　hidden　local　symmetry,　however,
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ρ-mesonloops　give　the　corredions　evenin　the　low　energy　hmit.　Thus,　the　loop

corrections　may　change　the　tree　level　relations　in　the　low　energy　limit.

　　We　show　that　such　corredions　canbe　absorbed　into　the　suitablecounter　terms,

and　hencethe　tree　level　relations　nlentioned　above　hold　at　one　looP　level　in　the

low　energy　hmit.　This　strongly　suggests　that　the　KSRF　relation　(I),‰゜2々‰7r7r,

may　become　a　true　low　energy　theorem　of　hidden　local　symmetry.　(Recently,　this

relation　has　been　Proved　to　all　orders　based　on　the　BRS　symmetry[25]･)As　far

aspmesondominanceis　concerned,　we　calculate　the　momentum　dePendenceof

the　77r7r　vertex　fundion,　and　show　that　no　direct　77r7r　interadion　is　induced　for

the　finite　Photon　momentum　not　restricted　to　the　low　energy　limitjf　and　only　if

we　take　the　Parameter　choice　a　=2.　This　imPnes　that　the　pmesondominance

of　the　electromagnetic　form　fa£tor　of　the　Pionrenlains　valid　at　one　looP　order.

Further,　we　get　therenornlahzation　group　equations　for　the　parameters　a　and　!7,

and　show　that　in　the　“idealized"　high　energy　nmit　this　hidden　local　symmetry

model　becomes　asymPtotically　the　theory　which　has　a　higher　symmetry　(“vedor

lilllit"[26D.

　　ln　sect.　2,　we　bridy　review　the　non-linear　reanzation　of　the　chiral　symmetry･

ln　sed.　3,　we　review　the　hidden　local　symmetry　and　summarize　its　tree-level

Predidions.　The　saturation　of　the　low　energy　Parameters　are　discussed　in　sect.　4.

We　study　the　tree-leve1ρ-lneson　contributions　to　the　low　energy　Parameters　in　the

hidden　local　symmetry.　Sed.　5　is　a　main　Part　of　this　PaPer.　There,　we　calculate　the

one-1oop　efreds　of　the　hidden　gauge　boson(pmeson),and　investigate　corredions

to　the　successful　tree-1eveI　Predidions.　Further,　we　discuss　therenornlaliz　ation-

grouP　equations　for　the　Parameters　αand　g,　and　the　relation　between　the　hidden

local　symmetry　and　the　“vedor　limit"[26]in　sed.　6.

2　Non-Linear　Realization　of　ChiraI　Symnletry

ln　this　sedion　we　discussthe　non-1inear　realization　of　the　chiral　symmetry　accord-

ing　to　Ref･[2]･
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　　First　we　consider　the　general　case　where　the　symmetry　grouP　G　is　sPonta-

neously　broken　to　its　subgrouP　#[24].ln　thiscase　vve　candivide　a　set　of　genera-

torsTj4Eg　of　G　into　two　Parts,　the　unbroken　generators　S°　∈μand　the　broken

generators　x°　Eg-μ:

{yEg}={yE77,rEg-w}

Xve　choosethese　generators　to　satisfy

〈Tj4?〉=1δJ,〈yx°〉=0

(2.1)

(2.2)

We　note　that　the　symbo1　〈4〉denotes　the　trace　of　a　matrix　j　hereafter.　Thesecond

equation　of　Eq･(2.2)imPlies　that　the　element　[y,X°]always　lies　in　g　-　77;

[w,g-w]⊂g-w.

The　coset　sPax=eG/#is　a　symmetric　sPace　when　thecondition

[!7-w,g-77]⊂w

(2.3)

(2.4)

is　satisfied.　ln　thiscase　we　canddne　a　Parity-1ike　transformation　7　such　that

7:g →

f
､

g,
-

―

-

-

+y,

-y,

for　y　Eμ,

for　y　Eg-77
(2.5)

　　Now　thereexist　Nambu-Goldstone(NG)bosons,　whose　nunlber　is　equal　to　the

dimension　of　the　coset　space　G/#,dimG　-　dim#,and　wecanidentify　NG　fields

as　the　coordinate　of　the　coset　sPace　G/#.Letξ(7r)be　the　“rePresentative"　of　the

coset　sPace　G/#,which　is　Parameterized　in　terms　of　the　NG　bosons7r(J)as

jπμ JG)μ', 7r(z)≡ Σ　7r°(J)xy
xaEg-77

whereμdenotes　a　scale　Parameter　(the　“decay　constant")↑

(2.6)

　　↑VVe　assume　that　the　coset　sPace　G/#is　irredudble　for　simpncity,　so　that　we　have　only　one
decayconstant.
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These　transform　as

αμ||(7｢

S1(7｢

Under　the　symmetry　grouP　G,　this　transforms　as

μ7r)→ξ'(7r)=M7r,μ(7r)j,　μΞG, (2.7)

where　A(7r,　g)∈#is　uniquely　determined　dePending　on　7r(z)as　well　as　on　!7･

　　A　fundamental　object　is　the　Maurer-Cartan　1-form;

S(7r)

1
1

　
　
{

Z

¢
″
`
y

4 ㈹ j(π) (2.8)

This　1-form　is　a　Lie-algebra-valued　quantity,　so　that　wecan　exPand　this　in　terms

of　the　generators　{T｣4Eg}={S°∈77,X°Eg　-　7･1}.wecandivide　this　1-form

into‰11(7r)∈77　and　αμ(7r)Eg-t

αμ||(7r)

αμ■(7r)

―

―

-

-

2〈s°αμ(7r)〉゛sy

2〈X°(4(7r)〉゜X°

)→‰μ)=A㈲g)αμ7r)μ(7r,　g)+{∂μ(7r,　g).μ0,g),
)→‰1(7r)=φΓ,g)αy7φ↑(7r,g)･

(2.9)

(2.10)

Only　the　PerPendicular　Part　‰1(7r)transforms　homogeneously,　so　that　the　most

general　Lagrangian　with　the　lowest　derivatives　is　given　by

£=j〈(･y･))2〉 (2.11)

　　Now　weconsider　thecasewhere　the　chiral　symmetry　G≡SU(N)£XSU(N)R

is　sPontaneously　broken　to　its　subgrouP　#≡SU(N)y.　ln　thiscase　vve　cantake

the　quantity　(4↑(7r),ξ(7r))as　a　“rePresentative"　of　the　coset　sPace　G/#,which　is

parameterized　in　terms　of　the　NG　bosons7r(z)as

j7μ J'`(J)/j', 7r(z)≡

7

Σf(1)T°, (2.12)



(7r,m9)φΓ)λ)

whereT°denotes　the　generator　of　SU(N)group　and　μdenotes　the　decay　constantl

under　the　grouP　G,　this　transforms　as

　
μ
`
‘
C ↑㈲,

　
R
　
C

　
AC

　
→

jjo4

n,9)c↑(7｢)｣｣

(j㈲,0r))
(2.13)

　　The　Parallel　and　PerPendicular　comPonents　of　the　Maurer-Cartan　1-fornl　are

given　by

αμ||(7r)

αμ1(7r)

―

―

-

∂μ↑㈲{(7r)+∂,,
{
'
C

4
　
　
{

―

-

‰) y
`
‘

㈲-∂
ー

　2i

φΓ)･ξ↑(7r)

㈹ j㈲

These　transform　as

{
'
{
″
`
`
‘

　
　
μ

‰11(7r)→　4(7,%,n)‰11(7r)j(7r,%,gR)

　　　　　　　　　　+F14(7r,　!7£,gR)∂,j↑(7r,%,gR),

α,,1(7r)　→　A(7r,%,gR)αg1(7)μ(7r,　g£,gR)･

The　Lagrangian　with　the　lowest　derivatives　is　given　by

£=j〈(･w･))2〉

(2.14)

(2.15)

(2.16)

≡㈲7r))2,which　transformslinearly　under　the

μ→%μgλ (2.17)

(2.18)

Here　we　define　the　quantity,　&

chiral　group　G;

Using　this　quantity,　the　Lag゛11giannolv　re�s

£=j〈∂μy∂7↑〉
‡ln　this　case,　the　coset　space　G/jEI'　is　irreducible.
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y/21,

)f/21,

[7r(J)

㈲J)

3　Hidden　LocaI　Symmetry

ln　this　sedion　we　briefly　review　the　“hidden　local　symmetry".　Let　us　start　with

the[SU(2)£XSU(2)R]91･klx[SU(2)y]1･･･1“1inear"　model[16].　Xve　introduce　two

SU(2)-matrix　valued　variables,　ξ£(z)andξR(z),which　transform　as

　　　　　　　　　　&』(z)→(a(J)=A(J)&,a(z)j,jl　,　　　　　　(3.1)

where　A(J)∈[SU(2)yLcal　and　%･RE[SU(2)£,R]glokl‘　These　variables　ale　Param‾

eterized　as

&(z)

&(J)

ξ(

≡ξ(○ξ↑

-

―

―

○

m･)ξ(7r)

e

e

6･(J)/4

6rO)/j,

㈹,

1

-

―

jπμ

1

1

-

―

-

-

―

―

�(z

y( J (3.2)

where　7r　and(7　arethe　Pionand　the　“comPensator"　(would-be　Nambu-Goldstone

field)to　be　“absorbed"　into　the　hidden　gauge　boson(thepmeson),resPedively,

andμand£.are　the　corresPonding　decay　constants　in　the　chiral　symmetridimit.

Thecovariant　derivatives　are　denned　by

μ&(J)≡∂g&(J)-φ1/;(J)&(z)+G(z)4(z),

μG(z)≡Vyz)-φ‰(z)G(z)+‰(J)‰(z), (3.3)

where　g　is　the　gaugecoupling　constant　of　the　hidden　local　symmetry,　‰(≡?y)

the　hiddell　g゛uge　bosolllield　(thepmesol1),IIld£g　゛11d　7Q　dellote　the　g゛1ge　fields

when　we　g゛11ge　the　[SU(2)£XSU(2)R]91&al　symmetly.　hl　this　PaPer　we　gauge　the

U(1)em　Part　only,　so　that　we　take

?
7
　
&

　
R

　
4 (3.4)

wheregl　denotes　the　photon　neld　and　e　dellotes　the　eledromagnetic　couPling

constant.
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which　transform　as

Thecovariantized　Maurer-Cartan　1-forms[24]are　given　by

&4(z)

%||(z)

-

-

-

―

―

―

μ&(z)･d(z)-μ&(z)･d(1)
2i

μ&(z)･d(j)+
2i

μ&(z)･d(z)

%1,11(z)-→G｣.,||(z)=MJ)&μ,11(z)μ(z)

1

1

VVe　can　construd　the　foHowingtwo　invariantswith　the　lowest　derivative§;

G=j〈(4)2〉,
μ=j〈(≒II)2〉･

(3.5)

(3.6)

(3.7)

(3.8)

Thus　we　obtain　the　Lagrangian　of　the　[SU(2)£XSU(2)R]91oMIX[SU(2)F]local　“lin-

ear"　model,　with　the　[SU(2)£XSU(2)R]gl･kl　being　P゛tly　gauged[16]:

£=£j+a£y+£M｡(‰), (3.9)

whereαisa　constant,££4(‰)denotes　the　kinetic　term　of　the　hidden　gauge

boson[2]:

£6(‰)

　々)

-

-

-

-

―

　1
--

　2

/
y (μ))2〉,

∂μ-∂X-φ[‰,U] (3.10)

(The　kinetic　term　of　hidden　local　gauge　bosons　arePossibly　induced　by　the　dy-

namics　of　QCD.　Actually　in　the　extended　Nambu-Jona-Lasinio　mode1,　which　is

discussed　asan　analogue　model　of　QCD,　a　massive　vector　bound　state　aPPears　as

a　gauge　bosonof　the　hidden　local　symmetry[27].)

　　Normalizing　the　kinetic　term　of(y,　we　nnd[14μ5]

　　　　　　　　　　　　　　　　　　　　j=aμ.　　　　　　　　　(3.11)

§VVe　impose　the　parity　invariance.
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ln　the　“unitary　gauge"　(4((7)゜1)this　Lagrangian　reducesto

　　　　£=〈∂g7r∂≒〉+4μ‰)+mj〈{〉-29.〈‰β″〉

　　　　　　　　+24.｡〈‰[∂″7r,7r]〉+2≒｡｡〈&[∂Q,j〉+…,　　(3.12)

where　the　Parameters　in　Eq･(3.12),thepmeson　lnass　mp,thep-7　transition

strength%,thep7r7r　coupling　constant　g｡7r　and　the　dired　77r7r　couPling　constant

F7r7,　aJe　given　by[16,　19]:

　
=2
ρ

　
m 92μ

‰=agj,

gF7『

F7r7『

Eqs.(3.14)and(3.15)1ead　to[19]

―

-

1
-

2

C
　
　
=

ag,

1-

(3

(3

(3

(3

13)

14)

15)

16)}

　　　　　　　　　　　　　　　　%=2j㈲7r7r,　　　　　　　　　　　　(3.17)

which　is　nothing　but　the　KSRF　relation[18](version　l).Eq･(3.17)is　adually　in-

dependent　of　the　parameter　a　and　hence　is　the　dedsive　test　of　the　hidden　local

symmetry[19].Thus　it　was　conjedured　to　be　a　“1ow　energy　theorem"　of　the　hidden

local　symmetry[19]and　was　then　Proved　at　tree　leve1[24].Moreover,　for　a　Param-
eter　choice　α゜2,　the　above　results　reProduce　the　outstanding　Phenolnenological

kts[16]:

　(1)%7r7･.　゜　g　(universjity　of　the　p-collPlings)[17]¶,

　(2)mj=2{J(KsRF　II)[181,

　(3)F,,　゜　O　(pmeson　dominanceof　the　eledlomagnetic　form　fador　of　the　pion)

　　　[17]･

¶VVe　assume　that　the　p-coupnng　to　the　nudeon　is　minima1･　(see,for　examPle,　Ref･[21･)
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4　Thep-]V【eson　Contribution　to　the　Low　En-

　　　ergy　Parameters

ln　this　sedion　we　discuss　thep-lneson　contribution　to　the　low　energy　effedive

chiral　Lagrangian[8,　9,　10].　Here　we　think　about　the　tree-1evel　efrect　of　the　p

meson　in　the　hidden　local　symmetry　model.　The　following　analyses　are　done　in

the　unitary　gauge　(ξ(○=1)･

　　From　the　Lagrangian,　Eq.(3.9),the　equation　of　motion　ofpmesonis　given　by

　　　　　　　　‰-sll㈲-Å(∂yy)-φ[r,々)])=o,　　　㈲)
　　　　　　　　　　　　　　mp

where　c411(7r)is　the　Parallel　comPonent　of　the　Maurer-Cartan　1-form　given　in

Eq･(2.14)･

Z1 -6.0±3.9 -7.3

Z2 5.5±2.8 7.3

Z6 -13.8±1.2 -14.6

Table　l:　The　p-meson　contribution　to　the　low　energy　Parameters　in　units　of　10‾3.

Eq

Solving　Eq･(4.1)by　iterationand　substituting　the　solution　into　the　Lagrangian

(3.9),we　get　the　lollowing　Q(p4)terms;

{㎝　　- }〈RUpy↑〉2+Å〈RFRμ〉〈p7Fμ〉

-J〈{�f4T〉-↓〈{F″+{μ゛〉,
where　the　covariant　delivative　p,4　is　defined　by

　　　　　　　　　　　　　　p,,μ゜∂,,U-i£,,μ+iFR｡

　　　　　　　　　　　　　　　　　　　　　　12
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(4.3)



and　FyZ　and{denote　the　field　strength　of　the　chiral　gauge　field　if　we　gauge
the[SU(2)£XSU(2)R]gloMl　symmetry.　As　sho゛n　ill　Refs･[5,　6],the　gelleral　Q(p4)

Lagrangian,　which　indudes　the　pionand　the　extemal　gauge　fieldsjs　given　by

£4　=　{〈pJr7)f↑〉2+{〈7)ypy↑〉〈p″UFμ〉
　　　　　U}〈{yμ7LE{pWp7↑〉

+Z5〈{μF47〉+A〈{F7゛゛+{Fj゛〉,　(4.4)
where　Zly215　and　Z6　are　low　energy　Parameters　and　A　is　a　high　energy　con-

stant　which　is　irrelevant　to　the　low　energy　exPeriments.　ComParing　Eq･(4.2)

with　Eq.(4.4),wecaneasily　read　ofr　the　p-nleson　contributions　to　the　low　energy

parameters[5];

　
}　

=y
ll

zy=―

aj
zy=

αμ
7

(4.5)

£GF=-L
　　　　　α

4my
a々

4≒

y_　αj
Z　　--
6　‾　　2mj

4(&≒+G≒)〉

4my
The　a1-nleson　contribution　to　/5　Parameter　is　imPortant.　The　p-meson　contribu-

tion　is　not　enough　to　saturate　this　Parameter.

　　ln　Table　l,　we　comPare　the　p-nleson　contributions　with　the　low　energy　Pa-

rameters　determined　by　the　exPeriments[5,　9,　10],where　we　take　the　Parameter

choice　a=2.　These　imply　that　the　p-nleson　contribution　saturate　the　low　energy

Parametersμ1μ2　and　Z6･

5　The　One-Loop　Corrections

ln　this　sectionxve　consider　the　one-1ooP　e‰ds　of　the　gauge　bosonof　the　hidden

local　symmetry･

　　First　we　introduce　the　μcgauge-1ike　gauge-nxing　terms　and　FP　ghost　La-

grangian　corresponding　to　the　hidden　gauge　boson.　These　are　given　by　(see　AP-

pendix　A)

〈(∂λ)2〉+Dj〈∂,,
　　　　　　13



+

£Fj=,

Å�♂μ|〈(

4
　
　
=

4-d+G-}〉{〈&-d+4-d〉T(51)
j2∂qLy+E�Mt･&+φ･+t･G+do｣〉,　　(5.2)

whereυdenotes　the　ghost　field.　ln　the　foHowing　calculations　lvechoosethe　Landau

gauge,α゜O.　ln　this　gauge　the　would-be　NG　bosons(7　are　still　massless,　no

other　vedor-scalar　interadionsarecreated　and　the　ghost　field　couPles　only　to　the

gauge　fields.　Sincevve　areinterested　in　the　strong　interaction　e‰d,　weconsider

the　photon　field　as　the　external　field　and　do　not　consider　its　loop　efred.

　　For　canceling　the　lowest　derivative　divergent　Part　we　redefine　thenornlanzation

of　the　Parameters　and　the　nelds　such　that

α=Zaar,　　!7=ZβΓ,　　eβμ=ZeGβΓμ;

‰

μ

―

― zW/2U,,,

=ZjL/2μΓ,

=ZjL/27rr,　(7=Z2/‰r;

-Z1/25
‾　(y　　{7r°

7｢

£･ (5.3)

Xve　note　that　from　Eq･(3.11),thevvave　functionrenornlalizationconstants,　Z7r

and　4,　are　related　by

　　　　　　　　　　　　　　　　4=44.　　　　　　　　　　　(14)

Further,　Ze　corresPonds　to　Z1/Z2　in　usua1　QED　case,　so　that　from　the　Ward-

Takahashi　identity,　wecan　conclude

　　　　　　　　　　　　　　　　　Ze=1,　　　　　　　　　　　　　　　　　(5.5)

which　implies　the　eledromagnetic　charge　universality.　So　we　take　4　=1　hereafter.

　　We　ddne　thepmeson　mass　Parameter　m｡　by

mj≡αΓjjr (5.6)

Hereafter,　゛e　denote　the　Pion　momentum　by　4　and　‰,and　the　pmeson　mo-

mentum　by　pg.　Xve　jso　denote　the　Photon　momentum　by　p,4.　1n　the　following

calculations　we　set　the　Pion　momentum　on　the　mass-she11,　£2=92=O.
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5.1　The　Determination　of　the　Z　Factors

There　are　four　indePendent　Z　fa£tors　in　Eq･(5.3),4,　Zy,　Z7,･　and　Z,,･.ln　the　low

energy　calculations,　zg　always　appears　together　with　zy　in　the　form　zyzJ　and
hence　we　have　three　indePendent　Z　factors　in　the　low　energy　hmit;　we　use　the　p-

ProPagator,　the　7r-ProPagator　and　the　(7-ProPagator　to　determine　these　Z　factors.

Then　we　determine　the　counter　terms　for　the　p7｢7r　vertex,the　p-7　nlixing　and

the　77r7r　vertex.　EXPhdt　cakulations　aredone　in　the　dimensiona1　regulariz　ation

scheme.　The　Feynnlanrulesareshown　in　APPendix　B.

　　First　we　calculate　the　correction　to　the　p-meson　proPagator.　The　one-looP

contributions　to　the　p-mesonproPagatorareshown　in　Fig.　1.　These　are　given　by

　　/

=1

　　ゝ

/

　7｢

m

ゝ~/

J
O

9)

ゝ

　　ゝ

　F=
/

/

　　/

=11
　　ゝ

　　　ゝ

　(y

m

'ゝ

　ゝ

　F=
　/

w/

rm

Figure　1:　One-partide　irreducible　graPhscontributing　to　the　pPropagator
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where

m)

%)

1
-

-

C

-

-

-

-

-

―

-
m
(47r)2

2

4-n

　
μ

5
W

-pμμ

DWμJ)2
+

1

j4μ

I
T
CC

C
H
Tf

1
7
6C

1
7
6C

1
T
CC

-7+ln(47r),

1
-

-

C

-1-}

-I-j

-I-j+

　
　
+j

1
7
0

jn
M

j
1
7
0

-ln(-p2)+jj

-1n(-p2)+j

[7　:　Eulerconstant,　n

　
　
　
　
　
　
!1　

j

yf(｡1)(p2)

+-/々｡2)(p2)

―
　
　
　
　
　
　
ー
/

1　
1

the　dimension　of　the　integra1]

@
@

(5.7)

(5.8)

゛11d　f(d)(y)゛nd　E2c2)(p2)dellote　the　comPhc゛tedfundions.ln　the　low　energy

1imit,y=0, these　reduce　to

(゜+&+c+d+e)pao
3　μ
-―

2(47r)2

1
T
CC -1-j+ j

r
0
7
0 ゜μ9

From　Eq々9)lve　candetermine　at　p2　=O　thecounter　term

(4々44-1)mj4=-
3　j

-

2 (47r)2

I
T
CC -I-j+ j

r
0
7
0

insuch　a　way　as　to　obtain　the　p　lneson　nlass　parameter

limit;

y (p2=o)=mj=(2�μ

(5.9)

(5.10)

in　the　low　energy

(5.11)

y4

M

　　Next,　Z,.　and　Z,,.　are　determined　by　renormalizing　the　wave　functionsof　the

7T'　and　(7　fields　at　the　on-sheH　Point　92　=O(remember　that　cr　is　massless　in　the

Landau　gauge).The　one-1ooP　graPhscontributing　to　these　ProPagators　are　shown

in　Figs.　2　and　3.　The　one-1ooP　contributions　to　the　7｢-ProPagator　are　given　by

mμ,‾92V7
16

1
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6
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Figure　2:　One-1ooP　contributions　to　the　7r　propagator
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-I-j

-ln(-92)+
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These　contributions　determine　the　7r　and　(7･　wave　function　renormalization　con-

stants:

Z7r　-　1 ―

―
―

dΓμ&+c)
-

　d92

(92)

92°0
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4-1
―

―

-

dΓμG｡)(92)
　　d92

92°0

3　j

}
2

=

(47r)2E-1-j+ l｣
From　Eqs･(5.10),(5.14)and(5.15),wecandetermine　the　Z　fadors:

4-1

4-1

　
j

　
C

3
}
2

-

-

4zJ-1=

3j
-

☆
y}

E
-1-j

-1-j

{｣

‰{-㈲

1

1
5
7
0

-3

(5.15)

(5.16)

(5.17)

(5.18)

As　isseenfrom　Eq･(5.16),for　the　Parameter　choice　αΓ=1　the　Parameter　a　is　not

renornlalized.　This　imPlies　that　in　the　“vedor　limit"[26]the　looP　efrect　of　the　p

meson　does　not　induce　the　deviation　from　a　=1incontrast　to　the　exPectation　of

Ref･[26]･

　　These　Z　factors　determine　thecounter　terms　for　the　p7r7r　vertex;

for　the　p-7　mixing;

{‰({/2zg&4-1)=o,

-GaJ,j｡g｡(4zy24Z.4-1)=O,

and　for　the　77r7r　vertex;

-≒4.(£-m[44･(1-　y4)-(1-y)]

34(2{‾1)‰E-I-j+‾μμ3k(£‾9),,

(5.19)

(5.2o)

(5.2　1)
-

- 2｣
5.2　Thep7r7r　vertex,　thep-7]Vlixing　and　the　77r7r　vertex

Now　that　we　have　determined　the　counter　teHns,　we　can　obtain　the　one-1ooP

corredions　by　calculating　the　one-1ooP　graphscontributing　to　the　p7r7r　vertex,　the

p-7　mixing　and　the　77｢7r　vertex.
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Eq.(5.23)implies　that　for　a,　=2,　the　universality　of　the　p-couplings　remains　intad

in　the　lowenergy　limit.

　　Similarly,　one-looP　graPhs　contributing　to　the　p-7　mixingareshown　in　Fig.　5.

These　are　given　by

(5.23)!7F7r(p2　°　O;μ=O,　92　=O)=

　　1　　　　2　　eJr

=H(4μ-7U｡)RF? 1｣D

αr

7･'

(47ry｡｡)

(3ar　-　4)　p2

(47r)2

゛here　j‰)(p2)and　f(&)(p2)denote　certain　comPlicatedfunctions　which　have　no

divergent　Part　and　j7(a)(μ゜O)゜-/7(&)(P2=O)゜O.

　　From　Eq･(5.22)wecan　easily　see　that　at　y　=O　there　exist　no　contributions.

From　this　and　Eq･(5.19),we　find　that　the　p7r7r　coupnng　remains　the　same　as　the

tree　level　in　the　low　energy　hmit;

rw=φ4μ-9){≒{y[Ek(y){｣,
Γa7°Γ77=O,

I
T
61

20

ln(-p2)+(pμ4-p2‰y) }

7
6q=-

q=o, (5.24)

Ggr

(47r)2

ar(ar-2)
　　12

-1n(-p2)+

1｣,

1

1

|

　　First　we　calculate　the　corredion　to　the　p7r7r　vertex.　The　one-1ooP　graPhs

contributing　this　vertexareshown　in　Fig.　4.　These　contributions　aregiven　by

Γg7°φμαbc(£-9‰

PW=44.(£-m{

j

8

Pa7　°φμ&c(£-9)g2LΣ≒a

Γ7=-44.(£-9)gA77{

r7=o,

24(47ry)2

j
-

(47r)

j

μ‰)(p2),

4)(P2),

T -1n(-p2)+

1n(-p2)+ 111
1｣,

(5.22)
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Figure　5:　One-Partide　irreducible　graPhscontributing　to　the　p-7　mixing

which　have　nocontributions　at　p2　=O.　From　this　and　Eq･(5.20),we　find　that　the

p-7　mixing　also　remains　thesanleas　its　tree　level　in　the　low　energy　limit;

%(p2=O)=aJrjr (5.25)

　　　Next　we　calculate　the　one-1oop　contributions　to　the　77r7r　vertex.　These　graPhs

areshown　in　Figs.　6　and　7.

　　　Thecontributions　from　the　graPhs　in　Fig.　6　are　given　by
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゛here　the　fulldion　j7(e)(p2)is　defined　by
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Figure　7:　One-Partide　irreducible　graPhscontributing　to　the　77r7r　vertex　which

indude　the　tree　level　direct　77r7r　vertex

　　Next　we　calculate　the　one-looP　glaPhs　through　the　tree-level　direct　77｢7r　vertex

(Fig.　7).These　contributions　aregiven　by

　　　　　Γw=-≒e3k(£-9)/(≒2)‰μ)(p2),
Γ?y=μμ36c(£-9‰

ΓJy=O,
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This　is　Precisely　canceled　by　the　counter　term,　Eq.(5.21).　So　we　get　the　77r7｢

vertex　function　given　by

　　　　　P"゛(p2;μ=92=O)

゜‾ieμ3k(£‾9U(1‾
3ar
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4

μ
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(47r)
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4(47r)2
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I
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C

/
I
J
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(p2)｣

-1n(-p2)+j―

(5.31)+

This　imPlies　that　lor　a,　=2　there　exists　no　dired　77r7r　interaction.

5.3 The　Results

From　Eqs･(5.23)and(5.25),we　obtain　the　desired　“low　energy　theorem"　(KSRF

I);

4(μ=o)=2jJ｡･｡(μ=o;μ
-

― o,μ-

- O) (5.32)

at　one-1ooP　leve1.

　　Eq.(5.23)imPlies　that　for　ar　=2　the　universality　of　the　pcouPhngs　remains

intad　in　the　low　energy　limit;

£｡μμ=O;μ゜O,μ
―

― O)
-

- g『 (5.33)

　　Combined　with　Eq･(5.23),Eq･(5.11)yields　the　KSRF　relation　(II)forα『

in　the　low　energy　hmit;

y (μ o)=2φ｡(μ=
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0 o,μ=o){
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-

(5.34)
―

-

　　Moreover,　Eq･(5.31)imPlies　that　no(nred　77｢7r　intera£tion　is　induced　for　the

finite　photon　momentum　not　restricted　to　thezero　nlonlentum　limitjf　and　only

if　we　take　the　Parameter　choice,　α,=2;

P゛7(μ;g=O,g=O)
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6　The　Renormalization-Group　Equations

ln　this　section　we　make　some　comments　on　therenornlalization-grouP　equations

for　the　Parameters,　ar　and　gr　jn　the　modined　minimal　subtradion　scheme.

　　From　Eq･(5.7),wecanget　the　p-meson　wave　functionrenornlalizationconstant

in　this　scheme;

Zy･　-　1

Further,　the　Z　factors　lead　to
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ComParing　Eq･(6.1)with　Eq･(6.3),the　Z　fador　for　the　hidden　gaugecouPling

is　given　by
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From　Eqs･(6.2)and(6.4),wecanget　the　βfunctions

&(a｡φ)≡μh=
　　　　　∂μ

X(a,φ)≡μ仝=
　　　　　∂μ

　　　　　　　　　(6.4)

for　ar　and　gr　(see　Fig.　8);
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(47r)

87-a?　j
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(6.5)

(6.6)
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Theβfunction　for　α,,Eq･(6.5),has　an　ultraviolet　fixed　Point　at　ar　=1,　which

corresPonds　to　the　fact　that　the　Parameter　a　is　notrenornlahzed　if　we　set　α=1

from　the　beginning.　Eq.(6.6)imphes　that　the　hidden　gaugecoupling　const　ann7『

is　asymPtotically　free　for　not　so　large　value　of　ar　(ar<v/g7).These　imPly　that　for

a　reasonable　value　for　αΓ　in　the　low　energy　(forexanlPleαΓ=2),the　Parameter　ar

and　thecouPling　constant　gr　go　asymPtotically　to　the　value　of　“vector　limit"[26]

(ar　°　1　and5.゜O)j.e･,　the　“vector　limit"　is　realized　as　the　“idealized"　high

energy　limit　of　the　hidden　local　symmetry･
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Figure　8:　Therenorlnalization-grouP　evolution　of　the　Parameters,　ar　and　gr.　VVe

take　ar(μ゜m｡)゜2.0　and　!7r(μ゜m.)゜6.0　as　inP11t　゛jlles.
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7　Conclusions　and　Discussions

VVe　havestudied　the　one-1ooP　correctionsof　the　hidden　local　gauge　bosonto　the

successfil〕1　tree　leve1　Predictions.　The　KSRF　relation　(I)is　satisfiedevenif　we　in-

dude　the　one-1ooP　corredion　of　the　pnleson.　This　suggests　that　this　relation　may

become　a　true　lowenergy　theorem　of　the　hidden　local　symmetryll　.　Furtherjn　the

Parameter　choice　a,　=2,　the　KSRF　relation　(II)and　the　p-coupling　universality

survive　the　looP　corrections.　Most　amazingly,　there　exists　no　dired　77r7r　couPling

for　the　finite　Photon　momentum　not　restricted　to　the　zero　rnonlentum　limit,　if

and　only　if　we　take　the　Parameter　choice　ar　=2.　This　imPlies　that　the　p-meson

dominanceof　the　electromagnetic　form　fa£tor　of　the　pion　remains　valid,　evenif

we　include　the　looP　coHection　of　the　plneson.

　　Further,　we　havestudied　therenornlalization-grouP　equations　for　αΓ　and　!7r,

and　shown　that　the　values　in　the　“vector　hmit"　(a=1,　g　=O)are　ultraviolet

fixed　Points　of　each　βfunction.　This　imphes　that　the　“vectoHimit"　is　realized　as

“idealized"　high　energy　hmit　of　the　hidden　local　symmetry･

　　As　far　as　tree　level　is　concerned,　one　might　argue[26]that　the　hidden　local

symmetry　is　entirely　rotated　away　by　a　choice　of　gauge　(unitary　gauge).However,

this　is　not　true　at　one-1ooP　level.　Actually　we　have　demonstrated　that　the　gauge

degrees　of　freedom　((7　,　F　P　ghost　as　well　as　pmesonitself)are　essential　to　the

whole　successful　results　mentioned　above.

　　ln　this　PaPer,　we　have　calculated　the　loop　corrections　in　the　low　energy　limit

except　for　the　77r7r　vertex.　lt　is　imPortant　that　we　investigate　the　loop　corredions

to　the　above　results　at　higher　energy　scale,　p2　2　mj,　and　see　whetherornot　we
can　usethis　“efredive　neld　theory"　uP　to　the　a1-meson　mass　region.　ln　that　scale,

however,　we　should　consider　the　counter　terms　with　higher　derivatives　(∂(p4)

terms)**,asconsidered　in　the　chiral　Perturbation　theory[4,　5,　6]･

　　|IActuajly　we　have　recently　proved　this　relation　to　aU　orders　based　on　the　BRS　symmetry[25]･
　**The　structure　of　these　counter　terms　are　investigated　by　Tanabashi,　using　a　formalism　in

which　the　gauge　invarianceis　transparent[281.
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　　After　such　consideration,　we　can　conlPare　the　results　with　the　generalized

hidden　local　Lagrangian　which　include　al　meson　as　well　as　pmeson[24,　14].　As

such　we　may　relate　the　unknown　parameters　to　the　underlying　dynamics,　QCD.

　　lt　would　be　very　usefill　that　we　aPply　this　hidden　local　symmetry　as　an　“ef-

fedive　field　theory"　not　only　to　the　ordinary　technicolor　mode1,　but　also　to　the

dynamical　eledroweak　symmetry　breaking　models　with　large　anonlalous　dimen-

sion,　such　as　the　walking　technicolor[29]μhe　strong　ETC　technicolor[30]and　the

toP　quark　condensate　models[31],etc･jn　which　the　vectorresonances　nlay　exist.

Acknowledgment

l　would　like　to　thank　Koichi　Yamawaki　for　collaboration[1]on　which　this　paper

is　based　and　forreading　this　manuscriPt.　Masaharu　Tanabashi　is　also　a£know1-

edged　for　useful　discussions.　l　am　also　very　grateful　to　A.　lchiro　Sanda,　Hitoshi

lkemori,　Yuki　Sugiyama,　Noriaki　Kitazawa,　Masashi　Hayakawa,　Akihiro　Shibata,

Daizo　Mochinaga,　Shogo　Taninlura　and　the　other　PeoPle　in　the　laboratory　for

encouragement.

28



4≒)｣〉,
hidden　local　symmetry.　Substituting

A

Appendices

The　RξGauge　Fixing

ln　this　section　we　introduce　the　R4　gauge　fixing　condition　which　cancels　the　vector-

scalar　mixing　terms　in　the　hidden　local　Lagrangian.

　　First　we　define　the　BRS　transformations:

&Rs&,R°iF&,R,　D　:　ghost　field],

δβRs‰゜∂μj+φD,‰]≡7E)μj,

&Rsβ=O,

&Rμ=ij

[β:　NL　neld],

We　introduce　the　gauge　hxing　Plus　FP　ghost　term　given　by

£GF+Fj=･ ―

- -i&Rs 4 ,Dm{-J(G-OG-d) j

(A.1)

(A.2)

whereαdenotes　the　gauge　Parameter.

　　From　the　definitionsof　the　BRS　transformation,　Eq･(A.1),Eq･(A.2)beconles

£GFfFj=･ ―

― 〈jD∂y,
{

- Dgμ(&-d+G-d)

D∂″pμj+{αα
{〉

g々()G+J)+t･&+dO｣
The　E-L　equation　for　NL　field　is　now　given

―
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£
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by
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　W㎜

W

whereT°denotes　the

Eq･(A4)into　Eq.(A.3),vve　canget　the　foHowing　gauge　hxing　term　and　FP　ghost

term:

£GF =-£〈y2am{-J(G-}{-d)D

+
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(A.3)

(A.4)
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D∂″£),4t･+E9μ()G+dt･+77G+do

Here　using　the　formula　for　SU(N)generatorT°;
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fixing　term　and　FP　ghost　term　in　yV
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where　we　use　〈∂4y〉=0.

　　Finally　we　get　the　following　gauge

=-F(4u)2〉+{9μG‰(&-d+&-d)〉

j〈(&-d+&-}〉{〈G-j+&-
〈j2∂″μt･+E�μ㈲G+Jy+･G+40｣

B　Feynman　Rules

B.1　The　Propagators

M‰)=

R‰2)=

g6(p2)=

R‰2)=

-p2

　1

-p2
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B.2

B.2.1

The　Vertices

The　vertices　which　includeonephoton

7-(7　mlxmg
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B.2.2　The　vertices　which　includeonephotonand　one　p
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B.2.3　The　vertices　which

ρ7r7r　vertex
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B.2.4　Thep3-point　and　4-point　vertices

p3-point　vertex

α
μρ

ρ4-point　vertex

　　　　　　　p;

φQk[!7μjp1　-　p2)a
　+!7z'a(p2‾p3)μ+‰μ(p3‾pl)｣

-♂[Qaμe�Oaj7βδ‾gaδgβ7)
+6eαcQMOaβ!77δ-gaJ7β)

+6e�6&cOaβμ･y-gaj7δβ)｣

μ

ρ;

B.2.5　The　vertices　which　include　the　ghost　neld

p-ghost-ghost　vertex

F

φ

μakp7

B.2.6　The　vertices　which　include　the　NG　bosons　only

(77r7r　vertex
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(7(77r7r　vertex
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