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Long-distance contribution to the muon-polarization asymmetry inK*—z ptu~
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We reexamine the calculation of the long-distance contribution to the muon-polarization asymmetry
which arises, ilrK*— 7" u" 1™, from the two-photon intermediate state. The parity-violating amplitude of
this process, induced by the local anomaléiism~ y* y* transition, is analyzed; unfortunately, one cannot
expect to predict its contribution to the asymmetry by using chiral perturbation theory alone. Here we evaluate
this amplitude and its contribution t4, g by employing a phenomenological model called the FMV model
(factorization model with vector couplingsin which the use of the vector and axial-vector resonance ex-
change is important to soften the ultraviolet behavior of the transition. We find that the long-distance contri-
bution is of the same order of magnitude as the standard model short-distance contribution.
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I. INTRODUCTION |1"R_1"L|
Ap=te 3
LR FR+ FL ( )

The measurement of the muon polarization asymmetry in
the decayK " — 7" u* u™ is expected to give some valuable
information on the structure of the weak interactions an

flavor mixing angle$1—6]. The total decay rate for this tran- . ; ; :
sition is dominated by the one-photon exchange contribution',nterference of _the parlty-c_:ons_ervmg part of the decay_ ampli-
which is parity conserving, and the corresponding invarianlmde[Eq' (1)] with the parity-violating par{Eq. (2)], which
amplitude can be parametrized in terms of one form factof'V€S

[1,7]:

hereI'r andI"| are the rates to produce right- and left-
andedu*, respectively. This asymmetry arises from the
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wherepk, p,, andp. are the four-momenta of the kaon, X \YA(s,mg ,m?)sinf 6
pion, andu™ respectively, and; is the sine of the Cabibbo 2 2
angle. Thes.. are the spin vectors for the™, and the quan- +4 Re[f*(s)B]mK_ Mz
tity s=(p.+p_)?istheu™ u™ pair invariant mass squared. S

In the standard model, in addition to the dominant contri-
bution in Eq.(1), the decay amplitude also contains a small +RA*(s5)C ) 2056 4
parity-violating piece, which generally has the fof&] df*(s)C]Jm,cosd, “@

G while, as a good approximation, the total decay rate can be
M PV:1_Fa[B(pK+ P +C(Pk—P.)H] obtained from Eq(1):
V2
— 2~2 2 2 2
XU(p-,S-)Y,ysv(P+,S+), 2 dT'r*+Ty) _siGFa ()] \1- 4mﬂ>\3/z(s m2 m2)
d cosfds 2°m3 73 s vk
where the form factor8 and C get contributions from both Am2
short- and long-distance physics. X|1—|1- “)00520 , (5)
The muon-polarization asymmetry 0" — =" u*u™ is S
defined as

where \(a,b,c)=a?+b?+c?—2(ab+ac+bc), 4mi<s
<(m¢—m,)? and ¢ is the angle between the three-
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zerland. Email address: Giancarlo.D’Ambrosio@cern.ch inthe u* u~ pair rest frame. It is easy to see that, when the
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at I3 predicted. As mentioned above, when we integrate aver
without any cuts in Eq(4), only the contribution from th®&
part of the amplitude will survive. Therefore, it would be
interesting to calculate this part of the parity-violating ampli-
K* pt tude, and estimate its contribution to the asymmeffy
@) (b) using phenomenological models.

The paper is organized as follows. In Sec. Il, we briefly

FIG. 1. Feynman diagrams that give the two-photon contripuFe€consider the two-photon long-distance contributions to
tion to the long-distanc€ part of the parity-violating amplitude of K™ — 7" u "~ within chiral perturbation theory. In order to
K*—a*u*u” in chiral perturbation theory. The wavy line is the €valuate the asymmetty,  from the long-distanc® part of
photon. The diamond denotes the weak vertex, the full dot denoteie amplitude, models are required. So in Sec. Il we intro-
the strong or electromagnetic vertex, and the full squar)rde-  duce a phenomenological model involving vector and axial-
notes the localr®u* u™ or nu™ u~ couplings. vector resonances, called the FMV modéhctorization

model with vector couplingsfrom Refs.[13,14], for this

Fortunately, the form factdf(s) in Eq. (1) is now known. task. Section IV contains our conclusions.

In fact chiral perturbation theory dictates the following de-

0
LY/}

composition[7]: IIl. CHIRAL PERTURBATION THEORY
B S . 5 In this section we reexamine the two-photon contributions
f(s)—a++b+F+w+ (s/mig). () {0 the parity-violating amplitude df* — 7" " 1~ in chiral

K perturbation theory. There are local terms that can contribute

Here,w™™ denotes the pion-loop contribution, which leads to!© the amplitude, which can be constructed using standard
a small imaginary part of(s) [7,12], and its full expression notation[5]. The pion and kaon fields are identified as the

can be found in Ref[7]. This structure has been accurately Goldstone bosons of the spontaneously broken SU(3)
tested and found correct by the E856 Collaboration, which SU(3)r chiral szymmetry and are collected into a unitary
also fixesa, = —0.300+0.005, b, = —0.335-0.022 [8].  3X3 matrixU=u’=exp(y2®/f,) with f ,=93 MeV, and
Recently the HyperCP Collaboration also studied this chan-
nel in connection with the study o€ P-violating width T
charge asymmetry iK™ — 7= u* u~ [9]. This channel will E
be further analyzed by E9440] and NA48b[11].

It is known that, within the standard model, the short- 1 _ 70 g 0
distance contributions t81 PV in Eq. (2) arise predominantly ¢= E)\ Fp(x)= m - E % K
from the W-box andZ-penguin Feynman diagrams, which
carry clean information on the weak mixing ang|€$. The N — 27ng
authors of Ref[4] generalized the results in R¢2] beyond K K® - %
the leading logarithmic approximation: for the Wolfenstein
parameterp in the range—0.25<p=<0.25, |V, =0.040 (8)
+0.004, andm,=(170=20) GeV,

wt K*

Thus, at the leading order, the local terms contributing to the
3.0x10 <A z<9.6x10 3 (7)  decaysKk—ml*l~ andK_ —1*1"~ can be written a§2,15]

with the cut—0.5<co0s#<1.0. Hence, the experimental de- is,Gra
termination ofB and C would be very interesting from the L,=
theoretical point of view, provided that the long-distance V2
contributions are under control. i :
The dominant long-distance contributions to the parity- +ha(AeQ(UQI*U T —a*UQU™))
violating amplitude ofK* — 7" u~ are from the Feyn- +ha(Ag(UQ2a#U ™ — 9*UQAU ™))}, 9)
man diagrams in which the* = pair is produced by two-
photon exchangé2]. Since these contributions arise from where(A) denotes Trd) in the flavor space, an@ is the
nonperturbative QCD, they are difficult to calculate in a ré-glectromagnetic charge matrix:
liable manner. The contribution to the asymmetryi from
the long-distanceC part amplitude, whose Feynman dia-
grams are shown in Fig. 1, has been estimated in Réf.
with the cut—0.5<cosé<1, which indicates that it is sub-
stantially smaller than the short-distance part contribution in 1
Eq. (7). However, because of the unknown chiral perturba- Q= 0 - 3 0 . (10
tion theory parameters, the long-distance contributiof tg
from the B part of the amplitude, which is induced from the 0 0 }
direct K" 7~ y* y* anomalous transition, has never been 3

217,751 {hi(XgQ3(Ua*U* —a*Uu™))

wl N
o
o
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Note that each term contains tvi@'s because the effec-
tive Lagrangian in Eq(9) is from the Feynman diagrams
with two photons, andC PSsymmetry[16] has been used to
obtain this Lagrangiaf2,15. From Eqgs.(9) and (2), it is
easy to obtain the two-photon contributions to the parity-
violating form factorsB andC as

ut u
(a) (b)

FIG. 2. One-loop Feynman diagrams that give the two-photon
contribution to the long-distand® part of the parity-violating am-
plitude of K* = 7" u* ™ induced by the vector and axial-vector
resonance exchange. The diamond denotes the weak vertex, and the
full dot denotes the strong or electromagnetic vertex.

As pointed out in Ref[2], CPS symmetry forces the
contribution toC from the leading order local terms to van-
ish. The dominant contribution 16 is from the (%) pole-

type diagrams generated by the transitidtis— 7+ 7°( )

and 770_( n)— ' p”, via the two-photon intermediate states |iterature[20—23 for this task. An implementation of the FM
(see Fig. 1 This contribution toA, g has been estimated by i vector couplingsFMV) was proposed in Ref13]; this

Lu, Wise, and Savagf2]: |A g|<1.2x10°° for the cut  seems to be an efficient way of including tB¢p®) vector
—0.5<cos#<1.0, WhICh. is much Ies_s than the asymmetry rasonance contributions to theé— myy and K —yl 71~
arising from the short-distance physics in Eg.. processes. The basic statement of the FMV model is to use
On the other hand, as shown in Ed1), the contribution e jdea of factorization to construct the weak vertices in-
from the local terms to the parity-violating form factBris  \,o|ving the vector resonances and then integrate out the vec-
proportional to the constari_111—2h2+4h3. Since hy’s, i tors, i.e. perform the factorization at the scale of the vector
=1,2,3, are unknown coupling constanBscannot be pre- mass. An alternative approach is to integrate out the vector
dicted in the framework of chiral perturbation theory. The degrees of freedom to generate the strong Lagrangian before
Lagrangian in Eq(9) also gives rise to the two-photon con- factorization, i.e. perform the factorization at the scale of the
tribution to the decay, —u" ", which has been studied kaon mass. As will be shown below, the vector and axial-
in Ref.[15] within this context. However, it is not possible to yector resonance degrees of freedom play a very important
use that decay to measure the unknown combinakion role in our calculation of the one-loop Feynman diagrams of
—2h,+4h; because thé;’s in the local terms enter the Fig. 2.
amplitude for the transitiol —u " u~ as a different linear Keeping only the relevant terms and assuming nonet sym-

combinationh; +h,+hs. Therefore, in the following sec-  metry, the strong@(p®) Lagrangian linear in the vector and
tion, we have to turn our attention to phenomenologicalaxial-vector fields read24—26

models and try to estimate this part of the contribution to the
asymmetryA | .

Cy= P+ hye e VAU 19, (12)

fv

=V

Ill. FMV MODEL Z\E

In order to evaluate the two-photon contribution to e fa _
part of the amplitude, one has to construct the local Lp=— 2_\/§<A,wf’jV>+'aA<Au[UV'f’iv]>, (13
K* 7~ yy coupling that contains the total antisymmetric ten-
sor. The lowest order contribution for it starts fra{p®) in
chiral perturbation theor17]. Therefore, the unknown cou-
plings in the effective Lagrangian will make it impossible to

where

> . : ; . u,=iu"D, Uu", 14
predict this amplitude, which has been shown in the previous # ’ 4
section. . r .

Vector meson dominance has proved to be very effective D,U=d,U~ir,U+iul,, (15)
in predicting the coupling constants in tt&p*) strong La- LY Ytk
grangian[18,19; the unknown couplings can thus be re- fe"=uF"u" = u"Fg"y, (16)

duced significantly. However, this is not an easy task in the_,, . i : .
weak Lagrangian since the weak couplings of spin-1 resot R.L being the strength field tensors associated with the ex-

nance with pseudoscalars are not yet fixed by experiment€alr, andl, fields. If only the electromagnetic field is
Thus various models implementing weak interactions at th&onsidered thenr, =1,=-eQA,. We setR,,=V,R,

hadronic level have been proposed, et it is very likely that~ V»Ru (R=V,A), andV, is the covariant derivative defined
mechanisms and couplings working for a subset of processés
might not work for other processes unless a secure matching

procedure is provided. Nevertheless the information pro- V.R=39,R+[I',,,R], (17)
vided by the models can be useful to give a general picture 1
of the hadronization process of the dynamics involved. e 4 s +

The factorization modglFM) has been widely used in the Tu 2[u (Gu=irutu(d, =il ur]. (18)
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The determination of the above couplings in EGk2) and oy 1
(13) from measurements or theoretical models has been dis- M :|16\/Ee4G8fAIAna
cussed in Refd.26,25. In order to generate the anomalous

K" @~ y*y* vertex from vector and axial-vector exchange, d“q 1
given the strong Lagrangian in Eq4d.2) and (13), we have j 1T o 3

to construct the r130nan0malous weakjv&nd the anomalous (2m)" (@"=m,)(q"—my)

weak APy at O(p~). By applying the factorization procedure —

with the FMV model, we obtaittfor details, see the Appen- X (Pt Pm) u(p-.5-) v, ysv(P+ 1S4), (23
dix)

which receives contributions only from the first term in Eq.

¢ (13). In fact the contribution from the second term is higher

La(VPy)=—Ggf 2= ALV, f47}), 19 ~ order.
wiVPy) 8 2 ANV, F2) (19 Using the Weinberg sum rulef27] together with the
Kawarabayashi-Suzuki-Riazuddin-FayyazuddiSRF) sum

rule [28], one can obtaif24
LalAPY) = — G2l ame ug (D AR U T8, (20 128 h24]

1
whereA=ugu™, and fa=51v, ma=2mg. (24)

2
3 ma

_ Hence, from Eq(21), we have
lp=——=—=fpr—. 21
A 16\/5772 A fi_ ( )

1
7 is the factorization parameter satisfying<6)<1.0 gener- fala=7 v, (25)

ally, and it cannot be given by the model.
Now, combining the strongs(VPy) in Eq. (12) with the  ith
weak Ly(VPy) in Eq. (19) [or the strongLg(APy) in Eq.
(13) with the weakZ(APvy) in Eq. (20)], and attaching the 2
photons to the muons with the usual QED vertices, we can lo= 3 my (26)
get the spin-1 resonance contribution to Bepart of the v 16272 v f727'
parity-violating amplitude oK * — 7+ u* u~ from the two-
photon intermediate state. The corresponding Feynman diafhen using the relation
grams have been drawn in Fig. 2. The calculation of the
contribution from the vector resonance exchange is straight-
forward: ly=4hy, (27)

1 which, as pointed out in Refl3], is exact in the hidden
M= —i32\/§e4Ggfvhvna local symmetry modéd]29] and also well supported phenom-
enologically, we can get

j d“q 1
1
(2m)* (g2 —m’) (g%~ mi) MG p=—i3226'Gyfyhyn 5
X(pK+ pﬂ_)l’vu(p_ ’S—)'YM'YSU(p+ !S+); (22) J d4q 1 1 1
d is the space-time dimension generated from the integral (2m)* qz—mi qz—m\z/ qz—mi
fdYq q,q,=(1/d)fd% g°g,,. Because of the logarithmic —
diverggnce in the above gquation, we do notdsed now. X(Pk+ P U(P-,S-) ¥, ysv(P+,S+). (28

Note that we retain the loop momentumnin the Feynman

integral of the above equation only because we are corFortunately, one will find that the logarithmic divergences in
cerned about the leading order two-photon contribution td=gs.(22) and(23) cancel each other, provided that the rela-
the B part of the amplitude, and the Feynman integrals retions (24) and(27) are satisfied. Of course, any violation of
lated to the external momenta are obviously of higher ordethese relations will lead to divergent results; a renormalized
with respect to Eq(22). On the other hand, we do not con- procedure is thus needed, and further uncertainty will be in-
sider the diagrams generated by the weak anomalouglved. In this paper, we are concerned only about the lead-
K*7 Vy and K" 7VV couplings, because either they ing order two-photon contribution to tt&part of the ampli-
have no contributions to thB part of the amplitude or they tude. Therefore, it is expected that E¢34) and(27) can be
are higher order. Likewise, the axial-vector resonance contriregarded as good approximations for this goal. Neglecting
bution is mi in Eq. (28), whose effect is smaller than 5%, we have
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m2 We calculate this amplitude in a phenomenological model

/\/l\P,\jA=8\/§aZGSthV7/In—: called the FMV model. The muon polarization asymmetry
my A, g has been estimated up to the factorization paramter

— which is not given by the model, but may be determined

X(Pk TP U(P-,5-) Y, Y50 (P4 ,S4). phenomenologically in the future. We have established that

(290  the background effect may obscure the standard model pre-
diction but large new physics effects can still be tested.
Comparing Eq(29) with Eq. (2), and using
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BZ}/ZS\/Eaggfvhvﬁ In_2 (31)
m
v APPENDIX: NONANOMALOUS WEAK VP vy AND
From the measuref{s— " 7~ decay rate, we fixedgs| ANOMALOUS WEAK APy VERTICES
=5.1[12,2]. Note thatf,, andhy can be determined from the IN THE FMV MODEL

phenomenology of vector meson decays, as szhownzin Ref. The AS=1 nonleptonic weak interactions are described
[26]h |fy|=0.20, and|hy|=0.037. Thus, usingnz=2mg, by an effective Hamiltonian
we have

_ G
B??|=2.16x10"%7. (32 HET™ 1= — LV Vi, CiQi+H.c. (A1)
I

V2
Now from Egs.(3), (4), and(5), we can get the asymmetry
A contributed byB?”: in terms of Wilson coefficient€; and four-quark local op-
B ol 3 eratorsQ; . If we neglect the penguin contributions, justified
ALr=1.7B%|=3.6x10 "7 (33 by the 1N expansior{22], we can write the octet-dominant

H H AS=1
for 6 integrated over the full phase space, and piece inHey ~ as

— 2y — —3

ALR=3.0B7]=6.5¢10 "y (39 HAS 1=~ &vudvjsc_g_ +H.c., (A2)

for —0.5<cos6<1.0. V2
From Eqgs.(33) and (34), if the factorization parameter .

n»=1, which is implied by naive factorization, we find that with
the long-distance contributions froB?” can be compared — — — —
with the short-distance contributions given in R¢B4]. In Q- =4(sy*u)(uLy,dy) —4(s y#dy) (UL y,uy).
Ref.[13], »=0.2-0.3 is preferred by fitting the phenomenol- (A3)

ogy of K—ayy andK_ — I 1. In this case, the contribu-
tions from Eqgs.(33) and(34) might be small, although not
fully negligible. Generally, &< »<1.0; therefore, this uncer-
tainty may make it difficult to get valuable information on
the structures of the weak interaction and the flavor-mixin
angles by measurement&f g in K" — 7" u* . However

effects larger than 1% would be a signal of new physics.

The bosonization of th&€_ can be carried out in the FMV
model from the strong actio8 of a chiral gauge theory. If
we split the strong action and the left-handed current into
dwo piecesS=S;+S, and J,= 7+ J5, respectively, the
Q_ operator is represented, in the factorization approach, by

Q= A[(MT, TN~ (NTHITE) — (NT T,
IV. CONCLUSIONS (A4)
We have studied the long-distance contribution via theVith A=(X\g—i\7)/2; for generality, the currents have been

two-photon intermediate state to the parity-violatiBgpart ~ SUpposed to have nonzero trace. _

of the amplitude oK™ — 7+ w™ ™. Within chiral perturba- In order to apply this procedure to constructing the fac-
tion theory, one can calculate it up to an unknown parameteforizable contribution to theO(p®) nonanomalous weak
combination, which is shown in Eq11). At present, we VPy Lagrangian, we have to identify in the full strong action
have no way of estimating this unknown combination, and ithe pieces that can contribute at this chiral order. We define,
is therefore impossible to determine this parity-violating am-correspondingly,

plitude and to predict its contribution @, g by using chiral

perturbation theory alone. S=S,,+¥, (A5)
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whereS,,, corresponds to the first term in E(L2), andSy ~ The explicit term that will give a contribution in our calcu-

corresponds to the leading ordeéd(p?)] effective Lagrang- lations has been written in E¢L9).

ian £, in chiral perturbation theory for the strong sector. For the anomalous weak APvertex, the corresponding
Evaluating the left-handed currents and keeping onlyleft-handed currents are

terms of interest we get

OSvy_ fv 55 f
=——=V"(u"V,u) Ay TAa o o
v=n =——myuTA,u,
oI+ \/5 SIH \/E A m
5 f2
—S§=——u+u u. (AB)
sk 20 5Swrw 1 1
. . . . . | ZGMVQB 2 Fl;a+§U+F$aU,U+UBU ’ (A8)
Then the effective Lagrangian in the factorization approach ol 16 l
is
S 0 S
LI3(VPy)=4Ggn| ( A &_S)Z( N2 . . .
siw"él, S+ where the first term is from th&, part in Eq.(13), and the
second term is from the Wess-Zumino-Witten Lagrangian
y A )\ﬁ oSy, +H.e. (A7) [30]. An equation similar to Eq(A7) will be obtained, and
ol, Sle ol, e the explicit term for our purpose has been shown in(£6).
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