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Kaon electroweak form factors in the light-front quark model
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We investigate the form factors and decay rates for the semileptonic decays of th& kaarging the
light-front quark model. The form factofs. (g?) are calculated in thg™ =0 frame and analytically continued
to the timelike regiong?>0. Our numerical results for the physical observatﬂe$f+|qz:mlz= —0.38, N,
=0.025(the slope off, at g?=m;), I'(K%)=(7.30£0.12)x 1 s %, andI'(K$;)=(4.57+0.07)x10° s*
are quite comparable with the experimental data and other theoretical model calculations. The nonvalence
contributions from theg* #0 frame are also estimatef$50556-282(199)03001-3

PACS numbes): 14.40.Aq, 12.39.Ki, 13.16:q, 13.20.Eb

I. INTRODUCTION ig, is not only simple to use in practical calculations for the
exclusive processes but also provides the identical results
Even though there have been many analyses of the heavgbtained by the dispersion formulations presented in Ref.
to-heavy and heavy-to-light form factors for weak transitions[8].
from a pseudoscalar meson to another pseudoscalar mesonThe calculation of the form factof_(g?) is especially
within the light-front quark modelLFQM) [1-8], the light-  important for the complete analysis Kf; decays, since the
to-light weak form factor analysis such &s; has not yet f-(q%) is prerequisite for the calculation of the physical ob-
been studied in the LFQM. However, the analysis of semiServablesia=f_/f.[qz_2 and\_, the slope off _(q?) at
leptonic K3 decays comparing with the experimd®i has q2=m|2. We also estimate the nonvalence contributions
been provided by many other theoretical models, e.g., chirdrom q*+0 frame by calculating only valence contributions
perturbation theory(CPT) [10,11], the effective chiral La- from q*+0 frame and comparing them with those obtained
grangian approachl2], vector meson dominandd3], the from g™ =0 frame. Including the lepton mass effects for the
extended Nambu—Jona-Lasinio model14], Dyson- dI'/dg? spectrum ofK 3, we distinguish the decay rate of
Schwinger approachl5], and other quark models6,17. K3 from that of K.z, where the contribution fronf _ is
Thus, in this work, we use the LFQM to analyze both formfound to be appreciable fqu decays.
factors of theK 5 decays, i.e.f, andf_, and compare with Our model parameters summarized in Table | were ob-
the experimental data as well as other theoretical models. tained from our previous analysis of quark potential model
In the LFQM calculations presented in Refd—7], the [18], which pr_owded a good agreement W|.th the experimen-
q* +0 frame has been used to calculate the weak decays iql data of various elegtromagnetlc properties of mesons such
the timelike regiormfsqzs(Mi—Mf)Z, with M ;1 andm, asf_,fx, charge radii ofmr an_d K, and rates for.radlatl\_/e
being the initial[final] meson mass and the leptol) fnass, MeSON decays etc. As shown in Rif8], the Gaussian radial
respectively. However, when thg" 0 frame is used, the WaVe€ function ¢(x.k,) ijor our LF wave function
inclusion of the nonvalence contributions arising from quark-q’xqz,xqix-ki) = ¢(X!kL)R)\qZ’)\qJXvkL) is given by
antiquark pair creatior{" Z-graph”) is inevitable and this
inclusion may be very important for heavy-to-light and light- kK, vz
to-light decays. Nevertheless, the previous analj4ed] in dxk) =\ 7 (WWzIB—s) exp(—k228%), (1)
q*+#0 frame considered only valence contributions neglect-

ing nonvalence contributions. In this work, we circumvent,;nere sk /4x is the Jacobian of the variable transformation
this problem by calculating the processesgih=0 frame %,k }—~k=(k,,k,). The spin-orbit wave function

ind analytl_cally continuing to the timelike region. Tpé’ R1Z _(x,k,) is obtained by the interaction-independent
=0 frame is useful because only valence contributions are *qq

needed. However, one needs to calculate the component dfelosh transformation. The detailed description for the spin-
the current other thad™ to obtain the form factof _(q?). orbit wave function can also be found in previous literatures
SinceJ~ is not free from the zero-mode contributions even[1-3,5-7,1&

in q* =0 frame[19,20, we useJ, instead ofJ~ to obtain The paper is organized as follows. In Sec. I, we obtain
f_ . The previous works in Ref§1—3] have considered only the form factors o3 decays inq” =0 frame and analyti-
the “+" component of the current which was not sufficient )

to obtain the form factof _(g?). Furthermore, the light-to- _ TABLE I. Quark massesn, (GeV) and Gaussian parametgss
light decays such aks have not yet been analyzed, even (G€V) used in our analysigj=u andd.

though the calculation of _ for heavy-to-heavy and heavy-
to-light decays has been made in Rf] using the disper- M Ms Paa Bss Pas
sion formulations. Thus, we analyze both currentd dfand Set 1 0.25 0.48 0.3194 0.3681 0.3419
J, for K3 decays using|™ =0 frame and analytically con-  get 2 0.22 0.45 0.3659 0.4128 0.3886
tinue to the timelike region. Our method of changing to

0556-2821/98/5)/0340017)/$15.00 59 034001-1 ©1998 The American Physical Society



HO-MEOYNG CHOI AND CHUENG-RYONG JI

cally continue to the timelikgj?>>0 region by changing,
toiq, in the form factors. In Sec. Ill, our humerical results
of the observables foK,; decays are presented and com-

pared with the experimental data as well as other theoretical
results. Summary and discussion of our main results follow

in Sec. IV. In the Appendix A, we show the derivation of the
matrix element of the weak vector current #; decays in
the standardy*=0 frame. In the Appendix B, the valence
contribution ing* #0 frame is formulated.

Il. WEAK FORM FACTORS IN DRELL-YAN FRAME

The matrix element of the hadronic current g can be

parametrized in terms of two hadronic form factors as fol-

lows:

(mluyts|K) =1, (g?)(Pc+P)*+f_(q*)(Pc—P,)*,
—M?2
q2

2
=, (g?)| (Px+P, )l — T qH

VY

K T
2 q“i

q )

+fo(0?)
whereg#=(Px—P)* is the four-momentum transfer to the
leptons andn,zs g°<(Mg—M_)2. The form factors , and
fo are related to the exchange of Jand 0", respectively,
and satisfy the following relations:

q2

F(O=Fo(0), foa)=F (o) + -z f (@)

)

Since the lepton mass is small except in the case ofrthe

lepton, one may safely neglect the lepton mass in the decay
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FIG. 1. The form factor calculation ig*#0 frame requires
both the usual light-front triangle diagrafa) and the nonvalence
(pair-creation diagram(b). The vertical dashed line ifb) indicates
the energy-denominator for the nonvalence contribution. While the
white blob represents our LF wave functiohiizma(x,ki), the

modeling of black blob has not yet been made.

not discriminate between the charged and neutral kaon weak

decays, i.e.f<’=X" . ForK,; decays, the three form factor
parameters, i.e\,, \g and&,, have been measured using
the following linear parametrizatiof®]:

q2

M2+>'

m

fo(g®)=f.(q?=m])| 1+ (6)

where\ . g is the slope off . ; evaluated at|2=m|2 and ép
:f—/f+|q2:m|2-

As shown in Fig. 1, the quark momentum variables for
0,9— 0,0 transitions in the standag* =0 frame are given
by

rate calculation of the heavy-to-heavy and heavy-to-light

transitions. However, foK,; decays, the mudm) mass is
not negligible, even though electron mass can be neglecte

Thus, including nonzero lepton mass, the formula for the

decay rate oK,3 is given by[21]

dI'(K;3) G my\?
d—qz=m|Vus|2Kf(q2) 1—?
m2
X([Kf(qz)] 1+—)|f+(q2)|2
M2|23
+Mg 1_M_ﬁ) g?”o(qz)lz], (4

whereGg is the Fermi constany/, g is the element of the

Cabbibo-Kobayashi-Maskawa mixing matrix and the factor

K:(g?) is given by

Ki(0?)= 531~ (Mg k+MZ—g)2-4MEM2]Y2 (5)

pi=(1-X)P{, pgy=xP;,
P =(1=X)Py +k ,  pg=xPy —k;,
P, =(1-x)P;, pg =xP;,

: P21 =(1—X)Py +K'|, p,EL:XPZL_kI(L7I)

which requires thap——p— andpg =p’q - Our analysis
for K3 decays will be carrled out using the frame where the
decaying hadroitkaon is at rest andy™ =0. Using the ma-
trix element of the "+ component of the current]™, given

by Eq.(2), we obtain the form factof_ (g?) as follows:

2 1
fi(aD)= JO dxf d?k, (XK' ) ha(xk,)

A1 A4k -k’
X 112 L 1 , (8)
VAZ+K3JAZ+K]?
whereq? = —q?, A;=mx+mg(1—x) andk’, =k, —xq, .

As we discussed in the introduction, we need the’‘tom-
ponent of the current], , to obtain the form factof,(qf)
in Eq. (2), viz.,

Since our analysis will be performed in the isospin symmetry

(my=mg) but SU(3) breaking (ns#m,q) limit, we do

(Pa[Ga(ay - ¥)aal Py =0 [f_(aD) =T (a®)], (9
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after multiplyingq, on both sides of Eq(2). The left-hand
side (LHS) of Eq. (9) is given by

(Palaz(ay - ¥,)a1|Py)

Xpo(X,K' ) p1(X,K)
— - k
J ek 2 AT+ K2 AZ+k]?
XTrLys(P2+m2) (AL - ¥ ) (P1+My) ys(bg—mg)].

(10

Using the quark momentum variables given in Ef, we
obtain the trace term in Eq10) as follows:

Trl ys(b2+mp) (A, - ¥, ) (P1+My) ys5(bg—Mg) ]

(Af+KD) ’ (AZ+K?)
- x(1——x)( 10 d X1-x) L0

+[(m—my)2+92k, -q, |- (12)

The more detailed derivation of Eq&) and (10) are pre-
sented in Appendix A. Since both sides of Ef) vanish as

q°—0, one has to be cautious for the numerical computatio

of f_ at g>=0. Thus, for the numerical computation gt
=0, we need to find an analytic formula fég. In order to
obtain the analytic formula for the form factdr (0), we

make a Iovvqf expansion to extract the overaﬁ from Eq.
(10). Then, the form factof _(0) is obtained as follows:

X@o(X,K ) p1(x,K,)
SVATHIE AR
X{[C71(Cy1—Cy+ Cy+Cp)

1
_ 2
f,(O)—f+(0)+def d2k
+Cry]k?cog ¢+ Crs}, (12)

where the anglep is defined byk, -q, =k, ||g, |cos¢ and
the terms ofC’s are given by

o 287 { 1 _ §}
T (L-0(BT+ BIM 1-[(mP—md)/M%1? 4]
1
= =00 (B2 B2
y B3 B3 }
M%o_(mz_ma)z Mio_(ml_ma)z,

S [ L
RO4(1-x)(Bi+B9) || M3, Mi | |

Cn (AZ+A3+2K2)+(my—my)?,

:x(l—x)
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o BB _xBi Af+K?
T A NP2 o2\ - - )
T (1-x(BIHRY T g+ T x(1-x)
(13)
with
2 2 2 2
2_kﬁrmi kL+mq— 14

07 1—x X

The form factorsf . andf _ can be analytically continued to
the timelikeq?>0 regiort by replacingq, by iq, in Egs.
(8) and (9). Sincef_(0) in Eq. (12) is exactly zero in the
SUi(3) symmetry [15], i.e., myg=ms and B,q=Bis

= Bgs, one can gef, (q°)=F(q?) for the 7" — 7° weak
decay (re3), whereFW(qf) is the electromagnetic form fac-
tor of pion, andf_(g?)=0 because of the isospin symmetry.
For comparison, we briefly discuss in Appendix B the form
factors ing*#0 frame.

Ill. NUMERICAL RESULTS

As we discussed in the Introduction, we used the same
quark model parametersyq),Ms,B,q,Bys) as in Ref[18]
to predict various observables fi;; decays. These param-

rzeters are summarized in Table |. Sets 1 and 2 in this table

represent the model parameters obtained by the harmonic
oscillator and linear confinement potentials, respectively, in
LFQM [18].

Our predictions of the parameters fii; decays inq*
=0 frame, i.e.,f,(0), Ay, Ao, (r?)gx,=6f,(0)/f (0)
=6)\+/Mi+, and §A=f,/f+|qz=m|2, are summarized in

Table Il. We do not distinguisK¢z from K 5 in the calcu-
lation of the above parameters since the slopeg.ofare
almost constant in the range m§$q2s mi. However, the
decay rates should be different due to the phase space factors
given by Eq.(4) and our numerical results fdr(K.3) and
I'(K,3) in g"=0 frame are also presented in Table II. Our
results for the form factof, at zero momentum transfer,
f,.(0)=0.9610.962 for set Iset 3, are consistent with the
Ademollo-Gatto theoreni22] and also coincides with the
result of chiral perturbation theory10], f,(0)=0.961
+0.008. Our results for other observables such as &4,
andI'(K,3) are overall in a good agreement with the experi-
mental datd9]. We have also investigated the sensitivity of
our results by varying quark masses. For instance, the
result$ obtained by changing the strange quark mass from

IWe note that our numerical results bf obtained by the method
of replacing q, by iq, in Eq. (8 for any P—P(P
=Pseudoscalar) semileptonic decays are identical to those obtained
from dispersion formulation in Ref8].

°Even though we show the results only for the set 1, we find the
similar variations for the set 2; i.e., the positive sign\gfcan be
obtained whemmg/m,=<1.8 for both sets 1 and 2. In addition to the
observables in this work, our predictions fbg, ri+, andrﬁo in
[18] are changed to 108 Me\(1% changg 0.385 fnf (0.3%
change, and —0.077 fnf (15%), respectively.
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TABLE Il. Model predictions for the parameters &f; decay form factors obtained from™ =0 frame. The charge radius,y is
obtained by(r?).«=6f’,(q?=0)/f, (0). As asensitivity check, we include the results in square brackets by changjs®.48 to 0.43
GeV for the parameter set 1. The CKM matrix used in the calculation of the decay fividthits of 1 s1) is |V,,{ =0.2205+ 0.0018[9].

Observables Set iIm;=0.48—0.43 Set 2 Other models Experiment
f.(0) 0.9610.974 0.962 0.9610.0082 0.952° 0.98! 0.9F
Ay 0.0250.029 0.026 0.03%,0.033¢ 0.02% 0.0286+0.0022K 3]

0.028°0.018' 0.019
0.0300+0.0016K %]

No —0.007 +0.0027 —0.009 0.0170.004° 0.013° 0.¢¢ 0.004+0.007K 5]
0.0026% —0.0024" —0.005 0.025+0.006 K]
IR -0.3§-0.31] —-0.41 —0.164+0.047° —0.24¢ —0.2¢ —0.35£0.19K /4]
—-0.288 —0.25f —0.2¢ —o.11¢o.oqr<23]
<r>,,K(fm) 0.590.59] 0.56 0.61°0.57%0.477 0.48
(k%) 7.30+0.177.60+0.12] 7.36+0.12 7.7+0.5K%]
I'(K%) 4.57+0.074.84+0.08| 4.56+0.07 5.25+0.07KY%,]
8Referencd 10].
PReference 11].
‘Referencd12].
dReferencd 13].
®Referencd 14].
Referencd 15].
9Referencd 16].

ms=0.48 GeV to 0.43 Ge\(10% changgfor the set 1 are employed in the analysis of experimental d¢4. Note,
included in Table 1. As one can see in Table II, our mode|however, that the curves without the nonvalence contribu-
predictions are quite stable for the variatiomafexcepty,,  tions ing™+0 frame(dotted lineg do not exhibit the same
which changes its sign from 0.007 to+0.0027. The large behavior. In Fig. 3, we showI'/dg® spectra fOfKes (solid
variation of\, is mainly due to the rather large sensitivity of line) and K, (dotted ling obtained fromq™=0 frame.
f_(0) (18% changpto the variation ofm,. Similar obser- ~While the term proportional td, in Eq. (4) is negligible for
vation regarding on the large sensitivity fop compared to  Kez decay rate, its contribution fd€ 3 decay rate is quite
other observables has also been reported in [Rdf.for the  substantial(dot-dashed line Also, we show in Fig. 4 the
variation of quark masses. As discussed in REf§] and  form factorsf , (g?) (solid and dotted lines for the sets 1 and
[17], _(0) is sensitive to the nonperturbative enhancement
of the SU3) symmetry breaking mass differenceng 1.3 ' '
—myg sincef_(0) depends on the ratio ofi; andm,g, . I
Of special interest, we also observed that the nonvalence
contributions fromg™* #0 frame are clearly visible fox . ,
Ao andé&, even though it may not be quite significant for the
decay ratel'(K,3). Our predictions with only the valence
contributions inq*#0 frame aref.(0)=0.96710.962,
=0.0810.083, ANp=-—0.014-0.017, §A= —-1.12 = 1.1
[—1.10], T'(Ke)=(8.077.83+0.13)x10°s ! and g
I'(K,3)=(4.494.36=0.13)x10° s+ for the set set 2.
Even though the form factdf, (0) in g #0 frame is free
from the nonvalence contributions, its derivativecgt=0, 1.0
i.e., A\, receives the nonvalence contributions. Moreover,
the form factorf _(g?) in g+ #0 frame is not immune to the

set 1

)

Kz

nonvalence contributions evengt=0 [19]. Unless one in- 0.9 . .
cludes the nonvalence contributions in the# 0 frame, one 0.00 0.05 , 0.10 0.13
cannot really obtain reliable predictions for the observables q>0[GeV]

such a.s?\Jr » Ao and &, for K5 decays. . FIG. 2. The form factorsf, (q?) for the K— 7 transition in

+In Fig. 2, we show the form factgri& obtained grom both  timelike momentum transfey?>0. The solid and dotted lines are
q =0 andq” #0 frames for B=q°<(Mx—M,)“ region.  the results from the* =0 andq* #0 frames for the parameter sets
AS one can see in Fig. 2, the form factdrs obtained from 1 and 2 given in Table I, respectively. The differences of the results
q" =0 frame (solid lines for both parameter sets 1 and 2 between the two frames are the measure of the nonvalence contri-
appear to be linear functions gf justifying Eq.(6) usually  butions fromg* #0 frame.
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0.001
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0.00 004 008 0.12 000 002 004 006 008 010 012
qlGev] Q[GeVY
FIG. 3. The decay ratedI'/dg? of K3 (solid line) and Kz FIG. 5. The EM form factor of pion for lowQ?=—g? com-

(dotted ling for the parameter set 1 ig"=0 frame. The dot-  ared with datd23]. The solid and dotted lines are the results from
dashed line is the contribution from the term proportionaf §an the " =0 andq*#0 frames for the parameter sets 1 and 2, re-
Eq. (4) for K3 decay. The results for the set 2 are not much dif- spectively.

ferent from those for the set 1.

deviations are clearly reduced fé%(q?) (see Fig. 6 be-
2, respectively at spacelike momentum transfer region andcause of the large suppression from the energy denominator
compare with the theoretical prediction from REf4] (dot-  shown in Fig. 1 for the nonvalence contribution. The sup-
dashed ling The measurement of this observableg<0  pressions are much bigger for the heavier mesons suth as
region is anticipated from TINAFL4]. and B. Especially, for theB meson case, the nonvalence
In addition, we calculated the electromagnetic form fac-contribution is almost negligible up toQ2=—g?
tors F (%) andF(g?) in the spacelike region using both —10 Ge\2.
g*=0 andq™ #0 frames to estimate the nonvalence contri-
butions inq*#0 frame. As shown in Figs. 5 and 6 for
F.(9%) andFg(g?), respectively, our predictions ig™ =0
frame are in a very good agreement with the available data ; ; ; }
[23,24] while the results fog™ #0 frame deviate from the inglntr':zlslimif:‘(r’o\gte (;E\;?Etlgggthhfh\gi?:rg i;?t/:g& ;?e
data 'sigl'ﬂifica.ntly; The deviations represent the nonvale”CSbtained ing* =0 frame and then analytically continued to
contributions inq™ #0 frame[see Fig. 1b)]. However, the the timelike region by changing, to iq, in the form fac-
tors. The matrix element of thel’”” component of the cur-

IV. SUMMARY AND CONCLUSION

0.8 ' ' ' ' rent J* is used to obtain the form factdr_, which is nec-
1.0 £ . . .
0.6 - I L.set2 N
< ——
[ = -
g /’/ —_———
S04l P set1 .
= 7
Ng /«
N"(I;_ | /'
02| [ 1
¥
02} i
0-0 1 1 1 Il 1
0 1 2 3 4 5 6
~dGeV] 00 . ‘ . ‘ .
) o "0.00 0.02 0.04 0.06 0.08 0.10 0.12
FIG. 4. The form factors, (q“) for the K— 7 transition in QGeV)

spacelike momentum transferq®<0. The solid and dotted lines
are the results from the sets 1 and 2, respectively. The dot-dashed FIG. 6. The EM form factor of kaon compared with d@g].
line is the result from Ref.14]. The same line code as in Fig. 5 is used.
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essary for the complete analysis Kf; decays. Using the where the spin-orbit wave functioR ?%#(x,k ) for pseudo-
nonzero lepton mass formul&q. (4)] for the decay rate of scalar mesonJ’“=0"") obtained from Melosh transfor-
K3, we also distinguisiK ,; from K3 decay. Especially, for mation is given by

K3 decay, the contribution fronfiy [or f_] form factor is

not negligible in the calculation of the decay rate. Our theo- 1

retical predictions foK,; weak decays are overall in a good RO — i p; ,)\i)YSU(pa,f),
agreement with the experimental data. We also confirmed MY VZMEG— (m—mp)2
that our analytic continuation method is equivalent to that of (A2)

Ref. [8] where the form factors are obtained by the disper-

sion representations through tk@aussiah wave functions gn(g

of the initial and final mesons. In all of these analyses, it was

crucial to include the nonvalence contributions i #0

frame. As we have estimated these contributions in various 2 _
observables, their magnitudes are not at all negligible in the 07 1—x X
light-to-light electroweak form factors. In fact, the nonva-

lence contributions were very large for the most of observ-gypstituting Eq(A2) into Eq. (A1) and using the quark mo-

ables such a& ;. , No, £a, F,(Q?%) andFy(Q?). _ mentum variables given in Eq7), one can easily obtain
Finally, we have also estimated the zero-mode contribu-

tion by calculating the “-”” component of the current. Our B [Gveq. | P
observation in an exactly solvable scalar field theory Was< 2[G201| P1)
presented in Ref.19]. Using the light-front bad current . _f e BLK' ) by(x,k,)

in g™ =0 frame, we obtained_(0)=12.18.6 for the set g >
[set 3. The huge ratio of f_(0);-/f_(0)]; ~ 2(1—-X)IZ\M7 = (m;— mg)?

— 36 — 48] for the set Iset 4 is consistent with our obser- < Tt M) V(B +m e Ad
vation in Ref.[19]. We also found that the zero-mode con- [ys(P2t ma) Y (Pat M) ys(Pg—Ma)l,  (A4)

tribution is highly suppressed as the quark mass increases. ] )
The detailed analysis of heavy-to-heavy and heavy-to-lightvhere we used the following completeness relations of the

K m? K me 3

semileptonic decays is currently underway. Dirac spinors
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Afanasev for giving us their data fdf; so that we can Ponents of the vector curredt'=q,y*qs, respectively, are

compare our results with theirs. obtained as follows:

APPENDIX A: DERIVATION OF THE MATRIX Tr ys(b2+ my) y* (1 +my) ys(Bg— Mg) ]
ELEMENT OF THE WEAK VECTOR CURRENT — — 4[p¥(py- P+ Momg) + PA(py- Py

(Pl@e "=+ qy|Py) IN g*=0 FRAME

20 p. .
In this appendix, we show the derivation of the matrix Mg+ Pg(— Py P2t MiMy)]

element of the weak vector currefR,|q,v*q,|P4) given in 4P

Eq. (2) for u=+ and., respectively. == [ArAatk K] for u=+ (A6)
In the light-front quark model, the matrix element of the

weak vector current can be calculated by the convolution of

initial and final light-front wave function of a meson as fol-

lows:

(Af+kD) (A3+kD)
X(1—Xx) Lma) x(1—x) *

P[0y qq| P
(P2lazy*a1|Py) , for u=1 (A7)

+[(my—my)2+g? 1k,
001

= 3 [ dpzek, gock ) datxk R
ASTAP R where Aj=mx+mg(1-x) andk’, =k, —xq, . Our con-

T1( i . = + N - +

U(P2,\s) MU(pl,M) vention of the scalar productp;-p,=(p; P, +P1 P2 )/2

=y = Riog(x-ki), (A1) —Pp1. - P2, Were used to derive EqEA6) and (A7) from the
VP2 VP1 ' second line of the above equation. Substituting E46) and

X (%K')
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(A7) into Eq.(A4), we now obtain the matrix element of the M, [ [ M2+ M2—g? MZ+M2—q?) 2

weak vector currerftP2|q27“ql| P1> for m=-+ [See Eq.(g)] M+ :M— W * W 1],

andl [see Eq(10)] in g™ =0 frame, respectively. 1 12 12 (B2)
APPENDIX B: VALENCE CONTRIBUTIONS where thet(—) signs in Eq(B2) correspond to the daughter

L
IN g™ #0 FRAME meson recoiling in the positiyeegative z-direction relative
For the purely longitudinal momentum transfer, i@, (o the parent meson. In thig" #0 frame, one obtain}-7]

=0 andg?=q*q, the relevant quark momentum variables
(1=Fr_)H(r)—(1Fr)H(r_)

are )
fo(o)== — . (B3
pi=(1-x)Py, pg=xPy, T
where
P =(1=X)Py +k,, pg=xPy -k,
+ _ ! + rt+ _rpt r
P2 =(1=X)P2,  pg =X'Ps, H<r>=f dxf A2k, pp(x' K, ) ba(x.K.)
0
P2 =(1=xX")Py +K' |, p'gi=x"Py =K', ' L2
(B1) A A, KT
Er Tl (B4)
wherex(x’ =x/r) is the momentum fraction carried by the VATHKE A +KE
spectaton in the initial(final) state. The fraction is given in
terms ofg? as follows[4—7]: and A/ =mx’ + mg(1—x").
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