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We study chiral corrections to the ratio between the lomtjital and transverse decay couplings
f/fy for the lightest(1~~) vector mesons. This ratio is of relevance in the determonasif
CKM matrix elements from exclusive B decays and has recathacted considerable interest
inside the lattice community. With the present accuracgwiedge of the chiral corrections to
f-/fv is an essential ingredient in order to extrapolate the teftdm quark masses in lattice
simulations to the physical masses. We compute the leaddwey ohiral corrections using Heavy
Meson Effective Theory. We find that kaon logarithms are atsghile pion logarithms con-
tribute to fpl/fp, but not to theK* and ¢ ratios. NLO chiral corrections aré(nﬁ/z) and purely
analytic. As an illustration, we apply our results to reqemiquenched) lattice data.
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1. Introduction

Due to their quantum number§l~~) vector mesons can be interpolated both by the vector
(ay9) and tensorday,, d) currents. The resulting couplings are denotedypgind f; respectively,
and are important quantities in the determination of CKM matrix elements from LigheGum
Rules (LCSR) applied to semileptonic and radiative B meson decays.

However, while the longitudinal couplin§, can be determined experimentally, for instance
from hadronicr decays oete™ annihilation, the transverse coupling is experimentally inaccessible
and has to be computed using non-perturbative techniques, predomib@&8R (see [1] for a
review of the latest results) and lattice QCD [2, 3, 4, 5t 6].

As it was noted in Ref. [2], the extraction ¢, from the semileptonic B meson decay
B — p/v is particularly sensitive td;-, which in particular means that an effort in accuracy is
needed. In this respect, the main advantage of lattice QCD is that it is thefja(tfg which enters
the sum rule. This means that in principle one can get a very clean determinthis quantity,
since systematic errors cancel in the ratio.

However, an essential ingredient in all lattice analyses is the extrapoldtiba pesults from
the masses used in the simulations to the physical masses. Presemlizbased formula to do
the extrapolation is lacking and the different lattice groupsagsbocextrapolation formulae. For
instance, in Ref. [2, 6] the chiral extrapolation was made with linear andrgtia fits in the quark
masses. With the advent of the first unquenched lattice dafg ¢y, [6], we think that a better,
theoretically motivated formula should be employed instead.

2. Theoretical framework

In order to study the influence of ther,K, n) octet on the ratio between vector meson decay
couplings, we need an effective field theory that coupleq the) states with pseudo-Goldstone
bosons in a chirally-symmetric way. However, a generic problem oneuates is that, since
vector meson masses are not protected by chiral symmetry, derivativesctor fields spoil the
chiral power counting of the theory. A possible solution is to factor out ey component of
the momentum and work with fields which only depend on the residual (soft) mome This
approach, inspired on HQET and BT, was first introduced in Ref. [10] and is usually referred
to as Heavy Meson Effective Theory (HMET).

In Ref. [11], HMET was generalized to include generic external veotiorents and used to
compute the chiral corrections to the longitudinal vector meson decay cgsplimthis work, we
will have to extend the theory to account for external tensor currents.

The chiral properties of tensor external sources were worked drein[12], and we refer
there for further details. By adding the source teym, t#"q to the QCD Lagrangian, the effective
field theory acquires the new fielf$; andtk’, where the subscripts indicate their transformation
properties undeBU(ns )L x SU(N¢)g:

{tlf%)?tlgt} — {VLtlle\;Vg7VRtlgl\_jvlj} > (2.1)

1See [7, 8, 9] for different determinations.
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with Vi_r € SU(n¢ )L r. Its relation to the QCD tensor source is
UVAp. L UVAPLR
HY — pHYVAPEL —|—P tAp : (2.2)

where
Puv)\p (gu/\ g’ — gupg\/?\ 4+ igNV/\P) (2.3)

are chiral projectors [12].
The effective field theory is then build out of the Goldstone fields, colleased

-0 - K+ ]

n
V2T Ve
u=expli—— | ; n= 2 , 2.4
p<ﬂFo> vz Ve (2.4)
- <0 2n
| K K Ve

together with the external fields and the vector meson states. It is convenveork in the follow-
ing basis

u, = iu™Duut =i[ul(a, —iry)u—u(d, —ilHu',
hIJV — Dqu+DVuu,
X+ = uxu'+ux'u,
in = UrvUT:tUTfVU,
Topw = U Ru" £ ufflu, (2.5)

such that all elements transform in the adjoint representation of the weTb8Kkn; ). +r. As for
the vector meson fields, in this work we will assume ideal mixing between oadlediaglet states,
such that thep field is a puress state, whilep® and w are orthogonal combinations afandd
quarks. Within this approximation, the vector mesons can be collected ih(@)ematrix

[ pt K]
_ 0 «

Si=| P L\/g KO (2.6)
K*— K*O )

L du

As mentioned above, in the framework of HMET it is convenient to factortloeitheavy compo-
nents of the momentum and work instead with labelled fisﬁﬂ)s which only depend on the soft
residual momentum:

1 i \Y imvxalV
S = ﬁ [e—lmvxél) +et él)q _‘_it_ (2.7)

The parallel componed', can be integrated out and therefore will play no role in our computation.
In the following we will drop the velocity label from the effective fields andtesthem simply as

éy. Finally, since we want the vector meson fields to couple to external syusoeanalogous
decomposition has to be performed on them. The last two lines of Eq. (2.8)rassly written
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P € T h.c
s | | -8 | ¢ | s
vy vH Vy Va Vi
O, | o* | O, | -o¢ | O,
u u' u’ u u’
u, | —u uj uH Uy
W | | =7 [ I
fu | H | ] FH i
X« | x| x| s | =X
Qev | £Q¢ | 7QI, | Q" | Ql,
Too | T | —T1,, | -T2T | =11,

Table 1: Transformation properties of the various fields enteringEIMinder discrete symmetries.

down in the heavy meson limit.Finally, we will assume that bot@f} and'ﬂﬁ, are0'(1) in the
chiral power-counting. This choice is completely arbitrary and it only enth#s the leading
operators in the effective Lagrangian will i5& p°).

One can then proceed to build the most general Lagrangian compatible wahsgmmetry
and invariant under?, ¥ and.7.2 Using Table 1, one can show that the relevant operators at
0 (p%), 0(p) ando(p?) read

20

= —i§(v-0)F + A (ST +ir (& T v (2.8)
+ Aa(Su) (O +ida(S) (TT v +he.

— gHvpA [I[Jl Uy, {Sp }>vv+|u2 (uy, {S,, Q+p})vv+u3(uu {Sp, +M}> (2.9)
i { (0,50} (8) + (S (S) v + s §1) QL p)wy + e (r Q1) (S wy

Hr{uao) (F1,00 + ksl (8] +hee.
= As({&x+ } QL) + el { & x+} T )V (2.10)
+ A7< ><Q+u> +|A8<gJX+>< +uv>vv
(S)(x Q+u>+'7\10<9”><X+T+TW> g
o Maalxe ) (S'QL ) +iAsz(x ) (ST )V
+ Ma(S) (X ) (Q ) +iraa(S) (x1) (TTu)v +he.

2In this work thex_. field will only play the role of a mass insertion operator. Therefore, forpurposesy.. =
2x = 4Bodiag(my, Mg, Ms).

3Since the field decomposition of Eq. (2.7) manifestly breaks Lorentziawvee, theCPT theorem does not apply
and one has to ensure that each discrete symmetry is separatelyednser
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Figure 1. Diagrams contributing to the ratiy /fy up to nﬁ/z in HMET. From left to right, LO [(a)],

NLO [(b) and (c)] and NNLO [(d)] contributions. Circle-cresertices depict operators 6f(1), while box
vertices and dotted vertices represétip) and & (p?) operators, respectively.

The quantities we want to evaluate are defined as follows:

(0Tyd (0) [p* (p.A)) = fompg) |
(0] U0y d(0) [o™ (p,A)) = ity my(e)) v, — g5 W) | (2.11)

and similar expressions for the rest of {tie ~) nonet, where it should be noted that we define the
couplingsfy and fy to be the ones associated to isospin currents.

In order to identify the number of diagrams that contribute at each giveer an the chiral
expansion, it is useful to use the power counting scheme of HMET [13]:

d:2+2N|_+NR+Z(n—2)Nn (2.12)
n

whereN_ is the number of loopd\r the number of internal resonance lines ahdthe number
of operators with chiral counting. Using the previous formula it is easy to show that the only
diagrams contributing up té’(nﬁ’/z) are the ones depicted in Figuré 1.

3. Resultsand conclusions

We will present our results for two and three dynamical flavours. $d(2), there are a
number of simplifications that can be made. In the first place, some of thatopem Eq. (2.8)
turn out to be linearly dependent. Using the so-called Cayley-Hamilton retedimong traces, itis
easy to show that the following subsets of couplings are reldtedus },{ Uus, U7, Us}, { Uz, Us, Us },
{As,A7,A0,A11,A13} and {Ag, Ag,A10,A12,A14} and therefore one coupling in each subset can be
eliminated. Additionally, if one is working in the isospin limit the mass insertion mattixis
proportional to the identity, which results in further simplifications: only omesentative of the
subsets{A7,Ag,A13} and{Ag, A10,A14} is independent. In the following we will take the isospin
limit and setmy, = mg = m.

Taking all these considerations into account, our final result reads

fl .

b _N 1+L2Iog ﬁ :

f,  f | 3z@R2 o\ e

fy  fy 3m m?

o o NV on- Mg (T 3.1
fo Ty [ T 3Rz Og(rﬁﬁ,)] ’ (3.1)

4Wave function renormalization and mass corrections are not includee #iny cancel identically in the ratio.
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Table 2: Results forfy] / fy from the various fits (data taken from Ref. [6]).

Linear Quadratic Chiral

fy/fp 061915 0.600(38) 0.58564)
x?/dof 0.17 009 006

fi/fk  0.649862) 0.644(17) 0.63831)
x?/dof 0.11 009 007

f(; /fp 0.683833) 0.681595) 0.680(17)
x?/dof 0.10 012 015

where f\}/fv = A2/A1 andm,, M, are combinations of couplings fro@. Ais a Zweig-
suppressed term coming from the second ling and is expected to be extremely small.
For theSU(3) case the results are

fr s m2 m2 m? m?
P v s n n
— Nl omn og (M) = M joq( T
v At e T2F2 °g<u2> 96rRFZ o\ 12 | |
Al m m
e _ N1y log 1
fe = Ty |TTMA N A e er2 o\ 2 )|
fL gL [ m2 m2
@ \Y n n
o _Nliim A1 jog( 20| 3.2
fp  fy [T A e °g<u2>] (32)

Two comments are in order at this point: (i) kaon loops are non-vanishirgafth decay coupling
but cancel in the ratios, whereas pion loops are absent ik‘tl@dg ratios. Therefore, iIBU(2) x
U(1)s xPT, which is the framework used by many lattice groups, o‘ngp is sensitive to pion

loops; (ii) in the preceeding equations we have omitted@fl(\eﬁ/z) terms. Its actual computation
involves a sizeable number of new operators (see Ref. [11] for thedi)lbut its contribution gives
a purely analytic piece. We refer to Ref. [13] for further details.

As a simple application of our results, one can consider the recent urfgeetRBC data of
Ref. [6] and check if they can be qualitatively described by Eq. (3t2patticular, we would like to
test the absence of light-quark logarithms in itfeandg channels. A possible strategy is to fit the
data points for the different channels with a chiral logarithm and compare#ults with the linear
and quadratic fits of [6]. In Table 2 we summarize the values for the reshiingl extrapolations,
where the errors quoted are only statistical. As an illustration, the resultisalifferent fits for
f5/fp are shown in Figure 2.

We want to emphasize that the results shown in Table 2 and Figure 2 (andrtbi@sgions
thereof) should be taken only as indicative: the data reported in Re&rgcpbtained at a finite
lattice spacing, i.e., they are not in the continuum limit. Moreover, data are siltsdo be
statistically significant and the values of the quark masses used in the simukatastsl too high
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Figure 2: Chiral extrapolations for linear (blue dotted line), quetdr (dashed line) and logarithmic (solid
red line) fits. We have absorbed the lattice spacingimt®ata taken from Ref. [6].

to unambiguously show the presence or absence of logarithmic behaVioerefore, the use of
our chiral extrapolation formulae should be seen only as a plausibleigsxatcthis point. With
these caveats in mind, data seem to be in fair agreement with Eq. (3.2): fontkeson the best fit
is the logarithmic one, while for the the linear fit gives the best results. For théthe situation
is less clear and at present no conclusions can be drawn.
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