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Pion electroproduction amplitude
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We analyze amplitudes for the pion electroproduction on proton derived from Lagrangians based on the local
chiral SU(2)X SU(2) symmetries. We show that such amplitudes do contain information on the nucleon weak
axial form factorF 4 in both soft and hard pion regimes. This result invalidates Haberzettl’s recent claim that
the pion electroproduction at threshold cannot be used to extract any information redaxding
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. INTRODUCTION The vector-isovector curred (k) is defined as
The low energy theorems for the pion production by an _
external electroweak interaction were formulated after the . Ry P v 7
development of the current algebra and partial conservation WK =il F1(K)n— 5y Fa(Koyky| - (6)
of the axial curren{PCAQ) [1,2]. According to this devel-
opment, the amplitud# ’(q,k) for the production of a soft
pion 7"(q) off the nucleon by a vector-isovector current

It is clear that besides the nucleon Born terms, the soft
pion amplitude, Eq(5), contains the Kroll-Ruderma¢con-
tach term including the nucleon weak axial form factor, and

i
(k). almost the pion pole production term, which is expected to
3l (K)+N(p)— 7"(q) + N(p") (1) contribute for both the pion photoproduction and electropro-
» ’ duction. To have this term present, Adlgt] changed by
given by the matrix element handq;—q,;—q in the induced pseudoscalar tefthe last
nj _ A YIRS term on the right-hand side of E¢p)], thus adding ai®(q)
_ _ MY (k) =(N(p") m()|JA(0)IN(p)), @) piece. It was showf5] that the evaluation of the contribu-
IS written as tion to the divergence of the current-current amplitudes using
_ q—0 ‘ the current algebra and PCAC due to the process of Fay. 1
f .MV (q,k) — iqM(p’|f diye T with B= 7 yields two piece$6]: one is exactly the pion pole
production term and the other one cancels the induced pseu-
x[Jn 3o + "™’ (0)p). doscalar term. Then the soft pion production amplitude cor-
[35,(¥)I\(0)][p) +&™™(p’ | I5\( )|p>( | responds to Fig. 2 and it is
3
Here the matrix element of the nucleon weak axial current is nj g— N A
[3] M(q,k) = 5 ru(p )[4 7"Se(P) I (K)
(p'1350(0)p)=iu(p" ) gaFa(ad) 1175 5
- . +3(KS:(Q¢Ju(p)
;
—2igf AZ(AD)dnys]5u(p),  (4) k-2 -
TR + U2 g2 nimgi ') yeru(p)
g1=p’'—p=k—qg andg,=1.267. (k—qg)=+m

Starting from Eq«(3), a “master formula” for the ampli-
tudeM}’(q,k) can be derived4]. For this purpose, the con-
tribution to the divergence due to the coupling of the axial
current to the external nucleon lingsigs. 1a) and Xb)] can

9 N
FineFal(k=a)?]e"™u(p") v, y57™u(p).

be extracted from the current-current amplitudes. The result- @)
ing equation is

) k q

f .MV (q,k) Ji Jz,
=4SP (K)
2M A B ja
+3(KS(Qg7"Iu(p) +&"Miu(p’)
2 2 ™"
X[9aFa(a1) 7175~ 2i9F AF(A1) A1y ¥5]5-u(p).- 4 »
(5) a [¢
FIG. 1. The current-current amplitudes contributing to the first
term on the right-hand side of E@3). (a),(b) The nucleon Born
*Email address: truhlik@ujf.cas.cz terms;(c) the pole terms of th®= 7 or a; range.
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k % i_ng the left- and right-hand sides and by an additional term,
5 AT u(p" )W, u(p), accompanying the pion production amplitude
in the right-hand side of Eq19). According to the discus-
sion[12] after Eq.(20), in order for Eq.(19) to be consistent
T {a with Eq. (8), this term should vanish:

u(p" )M\u(p)=0. 9

> The derivation of Eq(19) inspired Haberzettl to argue that
the entireF, dependence of its left-hand side is retained
solely in W, on the right-hand side, since the pion produc-
o tion amplitudeM}’(q,k) itself does not depend df, . Then
7, the conclusion followed12] that the pion electroproduction
oo processes at threshold cannot be used to extract any informa-
v tion regarding the nucleon weak axial form factor.

This claim has been criticizgdd 8,19, but the critics have
been promptly refuted20]. Actually, the only merit of the
criticism made in Ref[18] is that it attracted attention to the

J problem. Otherwise, the argument that the contribution to the
k first term on the right-hand side of E¢B) in the soft pion
limit is only from the diagrams (&) and Xb), is incorrect.
The point is that if one of the currents is axial, then it can
FIG. 2. The soft pion production amplitude according to &y.  couple to the pion oa; meson lines that emerge from the
(&),(b) The nucleon Born terms(c) the pion pole termy(d) the  vector-currentB-boson vertex, and also by direct contact to
Kroll-Ruderman term. this vertex. The processes due to the pion emission contrib-
ute to theB-pole current-current amplitude by a portion

The q dependence in the form fact®t,[ (k—q)?] can be o ] 5 o

neglected. ATHM(B)=if ,q,AF(q)AMY(B), (10
Elimination of the induced pseudoscalar term from the | . .

pion electroproduction amplitude and the restoration of théVhile the divergence of the current-current amplitudes due to

pion pole production term was discussed also in Rafg].  the other two processes yields

Nevertheless, the amplitude with the induced pseudoscalar . i/ my nj nj

term was applied to extract the axial and pseudoscalar form 19, AT\ (B)=T-AM(B) +C\(B), 1D

factors from the pion electroproduction at threshold in Ref'whereAMQj(B) is the associated pion production amplitude

[9]. The same flaw is present also in the earlier study of the nj . . .
pion electroproduction amplituddd]. and a termC,’(B) appears, since the chiral group is non-

Low energy theorems for the amplitudé!(q,k) were Abelian. Then the sum of the two contributions to the diver-

derived[1,2,5,1] using the current conservation and PCAC. gence of the-pole current-current amplitude in E) is
These theorems have found copious applicati@es Refs. iqM[ATZXnJ(B)JFATZQi(B)]:fWAMQJ(B)JrCQJ’(B),
[12-15 and references thergin The relevance of the (12)
nucleon weak axial form factor to the pion electroproduction
off the nucleon has been revisited recently by Haberzetthnd a new contribution to the pion production amplitude by
[12]. The pion production amplitudgl6,17 was rederived the vector-isovector current appears even in the soft pion
[12] using an analog of Eq3) valid beyond the soft pion limit. As we have already discussed above for the dase
limit. Neglecting possible Schwinger terms, the amplitude is= 7 and as we shall see later also 8« a,, this picture is
valid, indeed.
. In our opinion, Guichon’s argumehi8] against the ap-
277 iqM(p’lj diye 'ovT plied formalism is also irrelevant. It is true that the formal-
g ism developed in Ref.12] for the treatment of the interac-
' tion of the axial and vector currents is not standard, but it is
X[32,()3IL(0)]|p)+&"™(p’ |IL,(0)[p) |- formally correct. After making our own study of the problem
reported here and comparing it with the earlier resil®,
(8) we came to the conclusion that the problem is not in the
formalism, but is rather with a misinterpretation of the re-
The current-current amplitudes were construdte?] by in-  sults by Haberzet{l12].
serting photon lines in all possible places in the nucleon We shall first study the structure of the pion electropro-
weak axial current graph of Fig. 1. After calculating the di- duction amplitude derived from chiral Lagrangians based on
vergence of the current-current amplitudes, Haberz&#t]  the local chiral symmetry SU(2)SU(2) [3,21-25. These
obtained Eq(19), which differs from our Eq(8) by revers- models have recently been usgb] to construct the one-

2 2

Mg,k =
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boson axial exchange currents for the Bethe-Salpeter equérms of the Yang-Mills gauge fields, for the direct construc-
tion and the transition amplitude for the radiative muon caption of the pion electroproduction amplitude. For the La-
ture by proton[3]. For the chiral Lagrangianf3,23], we  grangian[23] reflecting the hidden local SU(X)SU(2)
shall derive the pion electroproduction amplitude in the samaymmetry[24,25], we first construct the current-current am-
way as it was done in Ref12]: we shall construct the plitudes and then we calculate the divergence. We show that
current-current amplitudes and then we shall calculate thbesides the amplitudes of Figgaland 1b) both exchanges,
divergence. It will become clear that this way of constructings anda;, contribute to the amplitude of Fig. 1. As a result,
the pion production amplitude cannot change its contentwe obtain the pion production amplitude of our model minus
Once the amplitude is built independently within the samethe last term on the right-hand side of E8§), as it should be,
concept (which is the case of the method developed inif the calculations are consistent. On the other hand, the di-
[12,16,17 and in our approach, tgpthen to calculate it vergence of the pion pole current-current amplitude provides
using the divergence of the current-current amplitudes is ¢he standard pion pole production amplitude, and the diver-
mere exercise in calculating the diagrams, since one shoulgence of thea; meson pole current-current amplitude pro-
get the identity. Our chiral models provide the contact termduces the new contact term, containing again the nucleon
of the pion production amplitude with the nucleon weakweak axial form factoiF 5(k?) and other terms of the order
axial form factorF ,(k?) in the soft pion limit, as it should at leastO(q) in the soft pion limit.

be, since the chiral invariance restricts them in such a way In Sec. I, we introduce the necessary formalism, in Sec.
that they reproduce in the tree approximation predictions ofll we construct the pion production amplitude. Our results
the current algebra and PCAC. On the other hand, thend conclusions are summarized in Sec. IV.

method of Refs[12,16,17, avoiding chiral invariance and

based on the gauge invariance only, can produce in the pion II. EORMALISM
electroproduction amplitude the contact term retaining only .
the form factorF\l’(kz) in the soft pion limit. Direct construction of the amplitud®}'(qg,k) will be

Our pion production amplitude is valid for both soft and carried out using the minimal Lagrangi§®1,22. Here we
hard pions. We use first a minimal Lagrangi@i], built in  write only the necessary vertices

— — g -  Oa— R N - - Yo
Az:maf—NyﬂaﬂN—MNN—.mr\m(n-T)y5N+|gpmr\|yﬂ5(r-p#xH)N—|gAgpNyﬂ5(T-aM)N—|7”

> . Ky - > > - > 1 > - - 1_) - -

X 'yﬂpﬂ—l4—awpw -TN+gppM-HX8MH—f— pﬂv~aMX¢9VH+ZpMV~HXaMV , (13
[

where . m2

Fup=—5P)- (15
- ’ gp
p#vzﬁypv_[?vpp,' (14)

We use the Lagrangian modg3,23], reflecting the hidden

From the associated one-body currents we present only tHecal symmetry to derive the amplitudé!’(qg,k) employing
vector-isovector current Eq. (8). It reads in the needed approximation

2
_ L _ c e e O9A— - . -
L HLS __NyﬂaMN_MNN+|ngy5(H.T)N—|gngTAN'y#75(T.plu><H)N—|LAN'yM(T-aMXH)N

Nmpa, f

- . 0,0a Ky — - -
'TN+IT7TWNY5UILV(H'pMV)N

. — - - .9y - . Ky -
_IgAgpN’y,u,’}/S(T'a,u)N_I?N ’yMp,u,_Imo-,qu,uv

- . - . s - . . . 1. . . 1. - -
+9,0, - 119,11=9,d,p,-p,Xp,+9,(p,Xa,—p,¥Xa,)-d,a,+ E(pw;aﬂxavl_[-i- Epu-&yHXan .
(16)
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The associated one-body currents are o (p’ p):U(p’)stTmU(p)- (24)

2
m. . R o N
Misa= g”pi—szgpmxn)l+0<|H|2>. (17)
P

This is the Kroll-Ruderman term in the pion production am-
plitude, which can be obtained by the minimal substitution

[27]

n mi n n > F\n d dyrieFYA
HLSYSM:_g_paI‘L_FfwaMH —2fﬂ.gp(p’uXH) ANTTON—= 17\

. 1 N in the pseudovectorrfNN interaction[the third term on the

= ~ = ~ right-hand side of Eq(13)]. Let us now present the contact
+—|| = - + X : - -
o 21‘77&”H 9y, eA, [ Xpyy| - (18) term, Fig. 3b), arising from the last two vertices of E(L3):
i . 9a
IIl. PION ELECTROPRODUCTION AMPLITUDE Mg, A= Eenlmmﬁ[kyAf;n(k)—k,YAﬁv(k)]

This section is devoted to the construction of the pion N
production amplitude starting from the chiral Lagrangians X (0,+301,)A7H(q)TE,(p',p). (25
and currents of the preceding section and using the standa

Feynman graph technique rIqﬂs amplitude is transverse by itself. Taking into account

thatq;=k—q, we can write

A. Pion electroproduction amplitude from the minimal chiral . i gA
Lagrangian MQ; Nl 2f (kz)Aal(kz)kz mmrsx(p P)
Generally, the amplitude is graphically presented as in L AMD 26
Fig. 2. The Born terms, Figs.(@ and 2Zb), are of the same I

form as the first two terms on the right-hand side of £5),

. - _ where in the soft pion limit
but only the currentl} (k) is given[3] by the vector domi-

nance model AM’C‘;’KZO(q,kz). (27)
i . . . .
) — 2 AP Ky Summing up the amplltudes given in E@3) and (26), we
hk) 'mPA“(k)( 2™ Uﬁk‘s) (19 get the total contact termly’, of this model in the soft pion
limit
Then the Born term is
ME, =1 5 Fa(K)" TR (' ,p)+O(a. ). (28]

. g — - ~
M =537 U(P LA7"Se(P) 3L (k) + (k) Se(Q)d 7" Tu(p).
(20) In deriving Egs.(23)—(28), we used the Weinberg relation
m§l=2m§ [28] and the vector dominance model form of the
Also the pion pole production term, Fig(d, is of the stan-  form factorsF}(k?) and FA(k?), which is incorporated in
dard form with the pion form factor provided again by the the model Lagrangian, Eq413).

vector dominance model The contact term, Eq28), coincides in form with the last
term of the soft pion amplitude E@7). Let us stress that the
M b =M2AL (K) (a1, — ) AZ(a]) e ™gT e (p’ . p), nucleon weak axial form factdf ,(k?) appears in the con-
(21)  tact term in order to satisfy the local chiral invariance. The
where ' v
- 4
I5(p’,p)=u(p’) ys7"u(p). (22) P
However, the contact term, Fig(d), deserves more atten- a /
tion. Visually, it is given by two graphs of Figs.(& and !
3(b). p
The amplitude corresponding to the graph Figa) 3s
Ji
9a A
nj i 28 2Ap njmpm
Mcl I2f m Axg(k)s F (p p) p p k
9a 2n mimem a b
—FY(k?)&"mr "p), 23
— 2f 1(K)e s(P.P) @39 FIG. 3. The contact terms arising from the chiral Lagrangian,
Eq. (13). (a) corresponds to the fourth terrth) is constructed from
where the last two terms.
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gauge condition for the pion electroproduction amplitude of \ »’ q
this model, given by Eq$20)—(25), is in agreement with the A
Ward-Takahashi relatiof29] Sk
K[MB+Mpby+ MY My
mi+q2 njm m
=- >emgls(p’,p). (29)
m'n'+ QZL

B. Pion electroproduction amplitude from the hidden local
symmetry Lagrangian

PHYSICAL REVIEW ®4 055501

FIG. 4. The nucleon Born current-current terms given by the

Lagrangian equatiofil6) and the currents, Eq$17) and(18).

In this section, the pion electroproduction amplitude will
be obtained via Eq(8), and for constructing the current-
current amplitudes we use the chiral Lagrangian, @),
and the associated currents, E@s?) and(18). This formal-
ism has been employed in R¢8] for the derivation of the
current-current amplitudes for the radiative muon capture by
protons. Those amplitudes and the ones we need to calculate

T8 (7,1)=f u(p")[gys™Se(Q) I (k)

+34 (k) SE(P)gys™u(p)

=if ,q,AZ(@)ME, (D). (34

here are related by time reversal. The minimal amplitudes, Calculation of the divergence of the amplituﬁié'{”(l),

direct analogs of the current-current amplitudes of Fig. 3 ofgq. (31), yields
Ref.[12], were derived for the radiative muon capt(iBg]
almost 40 years ago and they were used directly in Refs.
[31,32 for calculating the transition rate of the reaction

wtp—ntv,+y. (30)

The case of the pion electroproduction is simpler, since only
the vector- and the axial-isovector currents contribute.

1. Nucleon Born terms

3
quEx”J’u):fwmiAﬂqZ)Ma&(mfwi:Ez MEL ().

(35)
Then it follows from Eqs(32), (33), and(35) that
3 3
19,2, TR =F.moAZ(G%) 2, Mg, (1)
=f,m2AF(G*)ME), , (36)

Let us start with the nucleon Born terms. According to our
Lagrangian equatiofl6), we use the chiral model with the

pseudoscalarrNN coupling, and in addition to the graphs WhereMJ, is the nucleon Born pion electroproduction am-

Figs. 4a) and 4b), the contact term Fig. () should be

plitude for the pseudovectorNN coupling, Eq.(20). The

calculated. There are three nucleon Born current-current an&mplitudesMg{A(Z) and ME‘ZK(S) ensure the PCAC con-

plitudes: straint.

TEM(1)=—u(p)[IL,(d)SH(Q) I} (k)

2. Pion pole terms

The current-current amplitudes due to the pion exchange

+3L(K)Se(P)JR, () Tu(p), (31)

in Fig. 1(c) are presented in Figs(&-5(d). They are

ThA"(@)=if 0, A7 (a?)m7AT, (K)

(2=~ %qMAg(qz)mﬁAﬁg(k)g”jml"g}(p’,p) ><(qln—qn)AE(qg)s”imgFE”(p’,p)
=it ,q,AH (@MY, (2), (32 =it ,QAF (@M, (37)
TP () =2if ,m2A% (q)AL(K?) (a1 K&,
@)= %q“Ag(qz);_'\j'm‘z’Ai”(k)kg M - knqli)zz(qi)s“jmgf?(p’ ,:>)
X 8ipu(p’) v50, u(P) +if ,m2AT(G?) AL, (K)(d- 016,
=if,q,AF@ME,(3). (33 —0,01,)AF(qDe"mgr I (p",p),  (38)

The contribution of the induced pseudoscalar part of the Tﬁgv”i(c): —2ifwm’2)Aa1 (q)AE(q%)s”jmgF?(p’,p),

axial currentJ?, (q) to the amplitudeT5,"(1) is

055501-5
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k q ok q
J J 2
pm I poai ™ ISy
Tyq , Ty ,
P | D P | p
a b c

FIG. 5. The pion pole current-current ampli-
tudes given by the Lagrangian equatid@d®) and
the currents, Eqg17) and (18).

it
TZ?\xnj(d)zzif miAfu\( )AT(G2)eMmgT T (p’,p) plitude Mp Ao Ea. (21, appears instea_d,_as already dis-
_ 5 cussed above. Evidently, this statement is independent of the
+if ;AR(KY) (K010 — 01K, )AE pion being soft or hard.
X (q})e"™grg(p’,p). (40

3. & meson pole terms

The process of Fig. (8 is the only one where the axial The contributions to the current-current amplitude from
current is attached to the pion emitted from the vectorthea; meson pole term, Fig.(#), are given in Figs. @)-
current-B- boson vertex. The associated pion production am8(d). They have the form

plitude M pa IS given by the same graph without the axial

current wavy line. T2 (@) = gam2a, AF(GA){ASH A ALK (k- ) 6,
Let us first calculate the divergence of the amplitudes,

Egs. (38)—(40). It is easy to find that the divergence of the —k,qp]+3A% (kA al(ql)[(q d1) 8¢,

first part of the amplitude, E¢38), and of the second part of

the amplitude, Eq(40), cancels. The rest provides — 01,1} 5, (p",p)

. Elfﬂ'q,uATr( Z)M 1p)\(a) (43)
g, 2 TRM00

TP (b) = — gam2a, AF(9) ATL(qy) e ™ Ey(p',p)
(41) _Ifﬂ'q,u ( Z)M p)\(b) (44)

=f.M Bp v FnAZ(aD) el (p’,p),

whereM" s the pion pole production amplitude defined alp nj 4Ap a;
PP c mpAL (K A A
in Eq. (37), and it coincides with the amplitude, E@1), of (©)=0a LK1y~ a,)4,,(0) (ql)

Sec. lll A. Let us note that Eq41) is a particular form of the +q, Aal (q)A (1) —q,A A% (q)A%(qy)]
general result given in Eq11). i &
Then the divergence of the pion pole current-current am- x gnimp Ap",p), (45)

plitudes, Eqs(37)—(40), is

Tl (d) = gameAR (KA K, 3,
TPRM(x)=f,mZAZ(q>)Mp)
x=abied o —kﬂéh,]A,?yql)s"JmFg}(p',p>. (46)

— A AF(9D)e"™gTT(p’,p).

42) The two processes, Figsie and Gb), contribute to the pion

productlon amplitude providing the termid )’ p)\(a) and

Using this result and Eq4) for the matrix element of the Ma.p (D), which are given in Eq(43) and (44), respec-
nucleon weak axial current, we immediately see from@By. tively.

that the induced pseudoscalar disappears from the pion elec- Let us calculate the divergence of the sum of the ampli-
troproduction amplitude, and the pion pole production am-tude equation$45) and (46). The result is

055501-6
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FIG. 6. Thea; meson pole current-current
amplitudes given by the Lagrangian equati@6)
and the current equatior§d7) and (18).

Let us write the last two terms on the right-hand side of Eq.

'qM 2 Talp "x)=f, _Zb Mgip,)\(x) (49) explicitly. From the definitions in Eqg43) and(44) we
wa have
_igAmiA)\lg(%)Snjmrm(p p). da
@n  Mp@=ig mal{A HaD) ARK)[K, 0y = (K-0) 8]
Then it is clear that the divergence of the sum of all the o a,
meson pole current-current amplitudes, given by E43)— +2A (A (ql)[qfqln
(46), is —(9-a1) 8, ]}e"™TE(p’,p). (50)
i, > TaPMoo=f,miAze?) 2 M)
“x:a,b,c,d F P alpx(b)—|—malAM(ql)s”'mFM(p p). (51
—igamZAsL(qy) e E(p’,p).
49 In the soft pion limit, the amphtudd\/l‘,j1 M(a)~0(kq),

while the amphtudel\/la i (D) restores the contact term re-

Substituting this result into E@48) we find that the first term  taining the nucleon weak axial form factby, . For its con-
in the matrix element of the axial current, E@), is can-  struction, the presence of the contact currfthe second
celled. However, it does not mean that the dependence of therm on the right-hand side of EGL7)] is decisive. So this
pion electroproduction amplitude on the nucleon weak axialodel is also consistent with predictions of the current alge-
form factor is eliminated. This will become clear in the nextbra and PCAC. Let us emphasize that the amplitude
section, where we present the resulting pion production amyy m(q k), Eq. (49), satisfies the gauge condition, expressed
plltude in Eq. (29) '
Of course, the amplitudi!{’(q,k) obtained from the La-
grangian equatiori16) directly, does coincide with the one
Now we present the pion electroproduction amplitude ob-obtained from Eq(49). However, the construction of this
tained in Secs. Il B 1-11I B 3 from the Lagrangian model, section allows us to see how the pion amdmeson poles
Eq. (16). For this purpose, we insert the results for the diver-contribute to the divergence of the current-current ampli-
gence of the current-current amplitudes, E@§), (42), and  tudes.
(48), into Eq. (8). The resulting pion electroproduction am-

plitude is IV. DISCUSSION AND SUMMARY

4. Resulting pion electroproduction amplitude

We have studied the structure of the pion electroproduc-
tion amplitude obtained from the Lagrangians incorporating
the local chiral symmetry. From the minimal Lagrangian
It is clear that the matrix element of the axial current isequation(13), constructed in terms of the Yang-Mills heavy
cancelled. The amplltudeMBk and MnJ , are the well- meson fields, and using the current equati@f), we ob-
known nucleon Born and pion pole terms respectively. Sdained the pion production amplitude directly. Actually, the
only the contribution of th&, meson pole to the divergence model provides two contact terms. One of them is prescribed
of the current-current amplitudes remains to be consideredy the gauge invariance and it contains the form fa€t¥>r

M7(g,k)=MY +M“px+2 MIoA(0. (49

055501-7
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Another one is due to the gauge chiral invariance. This ternturrent-current amplitudes. This would be a dubious result,
is transverse by itself. Combining these contact terms resultsince it would not be clear which amplitude is correct. In our
in another contact term containing the nucleon weak axiabpinion, absence of a transparent proof of &y 12] for the
form factor and a piece of the ord@(qgk?) in the soft pion  nucleons with the electroweak structure makes the whole
limit. Haberzettl calculation doubtful. Let us note that such a proof
The Lagrangian equatiofi6), reflecting the hidden local can be done only if this structure is introduced not phenom-
symmetry, helped us to construct the current-current amplienologically, but at a microscopic level. This is achieved
tudes of Fig. 1. Subsequent calculation of the divergence dfiere within the concept of the hidden local symmetry and
these amplitudes and the use of E).led us to observe that respecting the local chiral SU(RX SU(2), invariance.
the pion anda; exchanges in Fig. () do contribute non- Moreover, it is not true that the right-hand side of ELP)
negligibly even in the soft pion limit. The contribution pro- [12] depends o, only via W), , as stated in the paragraph
ceeds in such a way that the matrix element of the axiahfter Eq.(21). In other words, fulfilling Eq.(9) does not
current[the second term on the right-hand side of B)] is mean the elimination of the dependence of the pion electro-
eliminated and the pion pole aral pole pion production production amplitude ofr,. The point is that it is the dy-
terms appear. Moreover, one of thg pole pion production namical content of the model that dictates the form factor of
amplitudes is nothing but the Kroll-Ruderman term contain-the Kroll-Ruderman term. As we have seen in our study, if
ing again the nucleon weak axial form facteg(k?) in the  the model respects the local chiral symmetry, then this form
soft pion limit. It was noted many years ago in Ref] that  factor is F,(k?) in the soft pion limit, as it should be, in
this contact term originated from tteg meson exchange.  order to be in accord with the current algebra and PCAC.
It is to be noted that the derivation of the pion productionActually, this result should be valid for any model possessing
amplitude via Eq(8) does not supply any additional dynami- the local chiral symmetry. On the other hand, models, re-
cal input that is not already present in the considered modedpecting the gauge invariance only, will provide the Kroll-
and we get the pion production amplitude, E49), whichis ~ Ruderman term retaining the form facté¥ (k?). So the
the same as the one obtained from the Lagrangian equati@taim [12] that the pion electroproduction processes at
(16) by the direct construction. threshold cannot be used to extract any information regard-
It follows from our results that the pion electroproduction ing the nucleon weak axial form factor should be considered
amplitude does not contain the induced pseudoscalar part ek precipitous.
the nucleon weak axial current either for soft or hard pions, On the contrary, the measurement of the nucleon weak
which is at variance with Ref.18]. It also means that the axial form factorF 5(k?) in the electroproduction of charged
measurement of this quantif9] is a misconception. pions on the proton at threshold makes a good sense. In the
Let us now compare our results with those of R&R]. I recent measuremenf33] of this form factor by the
this paper, the formalism of the vector-current-axial-currentp(e,e’ =™ )n reaction, the pion electroproduction amplitude
interaction is formulated in such a way that the divergence of;q_ (7) with the addedA excitation terms was used to ana-
the current-current amplitudes, where the axial current is atlyze the data. The valuel ,=1.077+0.039 GeV was found
tached to the pion line, provides the whole pion productionfor the axial mass entering,(k?), which is consistent with
amplitude. As discuss€d 2] in connection with Eq(19) for  the value ofM, known from neutrino scattering experi-
the pion electroproduction amplitude, E§) should hold. It  ments.
was checked12] that Eq.(9) is satisfied for the nucleon et us note that the study of the electroproduction of
without the electroweak structure. Actually, B8) conforms  charged pions on the proton at threshold can also provide the
to what we have, with the difference that in our model, oneinformation on the pion charge radi{i5,34,33.
observes explicitly the validity of an analogous condition
[the right-hand side of our Eq8) contains only the pion
production amplitudg also for the nucleons having elec- ACKNOWLEDGMENTS
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