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Lattice calculation of vector meson couplings to the vector and tensor currents
using chirally improved fermions
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We present a quenched lattice calculationfff,,, the coupling of vector mesons to the tensor current
normalized by the vector meson decay constant. The chirally improved lattice Dirac operator, which allows us
to reach small quark masses, is used. We put emphasis on analyzing the quark mass depefig&ncaraf
find only a rather weak dependence. Our results atpthend ¢ masses agree well with QCD sum rule
calculations and those from previous lattice studies.

DOI: 10.1103/PhysRevD.68.054501 PACS nuntderl1l.15.Ha, 12.38.Gc

[. INTRODUCTION press the isospin structure, for brevity. The vector couplings
fy are known from the experimental measurements in lep-
It is widely accepted that the rich spin structure of hardtonic decayg10], while the tensor couplingé; have to be
exclusive processes involving light vectprK*,¢ mesons calculated using some nonperturbative approach. In particu-
provides a number of nontrivial possibilities to study thelar, from QCD sum rule$11] one obtains
gnderlylng short-distance dynam_lcs. One example is given f1=160+-10 MeV 3)
y vector meson electroproduction at large virtualities or P
large momentum transfers at HERA-3], HERMES[4],  (157+5 MeV in Ref.[12]) and in the applications usually a
and, in the future, COMPASS. In these cases the theoreticaery weak dependence on the quark mass of the ratios was
predictions for the production of longitudinally and trans- assumed9,13]
versely polarized mesons are very differ¢B. Other ex-

. ; ; ) L
amples are provided by exclusive semileptoBie-pfv,, ft _ fix B ff; 4
rare radiativeB— py or nonleptonicB— mp, etc. decays of ﬁ_ a_ ﬂ )

B mesons, which are attracting continuous interest as the
prime source of information about the CKM mixing matrix; (An earlier QCD sum rule determination df; in Refs.
see, e.g., Ref6] for an exposition of recent developments. [9,14] suffers from a sign error, see R¢L1].) At this place
In all cases, disentangling the longitudinally and transverselyt is necessary to add that the couplirfgs in contrast tdf,,
polarized (final) vector-meson states proves to be crucialare scale dependent. The corresponding anomalous dimen-
since these cases often correspond to different underlyingion is equal t415-17
weak interaction physics. The theoretical description of such
processes is developing rapidly and thus requires a more ac-Tzﬁc +(_
curate and reliable determination of the relevant nonpertur-y 27 T\ 2n
bative parameters.

From the vector meson side, the QCD description in- e )

volves vector meson distribution amplitudgg—9] which (The three-loop termEL8], left out above simply for brevity,
correspond to probability amplitudes for finding the quarkge included in our analysjsThe number in Eq(3) is given
and the antiquark in the meson with given momentum fracty; 4 |ow normalization point ofx=1 GeV.

tions and a small transverse separation. The distribution am- The error given in Eq(3) does not include intrinsic un-
plitudes for longitudinally polarized and transversely polar-cetainties of the sum rule method itself which are difficult to
ized vector mesons are different and their normalizati@®n 4 antify. Therefore, in view of the importance of this non-
the integral over the momentum fractioris given by the  pertrhative input for phenomenology, an independent con-
matrix elements of the vector and the tensor current firmation of these numbers in a lattice calculation with con-
— trollable errors is extremely welcome. Earlier attempts were
(Olay*alV(p;N))y=myfvel, (1) presented in Ref§19,20 and the results agree well with the
. numbers from sum rule@here is also a current effort by the
(Olgo*Pa|V(p;n) =ify(w)(efpP~efp®), (20  QCDSF Collaboration to determirfg ; the preliminary re-
sult also agrees with the sum rule req@1]). These calcu-
respectively. Herev(p;\) is a generic light vector meson |ations were done with?(a) improved Wilson fermions.
with- momentump and polarization vectoey such that with this choice, however, one is restricted to relatively
eyp.=0, p2=m\2,. Also o*f=(i/2)[ y*,v#] and q is the heavy pseudoscalars and the smallest pseudoscalar-mass to
light quark field,g=0u,d,s... . In Egs.(1), (2), we sup- vector-mass ratio reached i#0] is mpg/my=0.56.
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TABLE |. Parameters for our large lattices £632). TABLE Il. Results for the renormalization constants. The num-
bers in parentheses give the scale It is either the cutoff fu
No. of =a~1) or u=2 GeV.

B a(fm)[31] L (fm) configs. amy mpg/my [26]

Zy (a™?t Z: (@) Z; (2 Ge Z:1Zy (2 Ge
7.90 0.15 2.4 100 002020 038085 _" v@ r@’) zZr@Gey Zzi/zy(2Gey

8.35 0.10 1.6 100 0.01-0.20 0.33-0.92 7.90 0.93467) 1.059810) 1.024710) 1.096419)
8.35 0.978014) 1.054219) 1.053220) 1.076837)

Here we present a new calculation of the matrix elements
which is complementary to the first lattice resUl®0]. We  and thus for the matrix elements computed here one can
use the recently developed chirally improve&l) Dirac op-  expect only linear scaling ia for our final results.
erator[22,23. It is based on the Ginsparg-Wilson relation  The renormalization constants necessary for our observ-
[24] and has been show@5-27 to allow simulations with  ables were calculated according to the method presented in
pseudoscalar-mass to vector-mass ratios dowmga/my  [33,34]. The procedure is patterned after the definition used
=0.28 at relatively small cost. in the continuum. In a fixed gaugéve use the Landau

In the results we present here we include lattice data dowgauge the numerically evaluated amputated Green’s func-
to mpg/my=0.33 and thus push our calculation considerablytions are compared to their tree level counterparts and the
closer to the chiral limit. Also at the heavy end we haverenormalization constants are read off. The resulting num-
additional data points such that our quark masses cover lgers are in the so-called RI-MOM scheme and are converted
range ofmpg/my,, more than twice as large as the range into MS using the perturbative matching coefficients. For the
[20]. This allows us to check the weak quark-mass depenvector and tensor renormalization constants, however, these
dence offy/fy predicted by QCD sum rules. The data arematching constants are 1 up to NLO in perturbation theory. A
compatible with a linear behavior in the quark mass, respecdetailed analysis of renormalization for the CI operator will
tively, in m%s, and the slope is small. Only for our lightest be presented ifi35] and here we only quote the numbers we
quarks we find a deviation, which is, however, a finite sizeneed.
effect. Our final numbers agree well both with the QCD sum The renormalization constants were evaluated for the

rule results and the lattice calculations in R¢fk9,20. same set of quark masses that was also used in the calcula-
tion of the matrix elements. When plotted as a function of the
Il. PARAMETERS OF THE CALCULATION guark mass, the data are found to follow a straight line very

well and the chiral extrapolation is straightforward. This pro-
We perform a quenched calculation with configurationscedure was repeated for several values of the 4-momeptum
from the Luscher-Weisz gauge acti¢@8,29 and one step of  Following [20] we base our calculation on the numbers ex-
HYP blocking[30]. The final numbers we quote were com- tracted at the cutoff, i.e. gi2=a 2. To get the numbers at
puted on 18x 32 lattices at two different values of the gauge exactlya~2 we linearly interpolated the chirally extrapolated
coupling, giving rise to lattice spacings af=0.15 anda  yalues ofZ,,Z; between the two momenta with? just
=0.10 fm[31]. For these lattices the parameters are listed ilgphove and belova=2. The resulting numbers faZ; were
Table I. In addition we performed a series of tests on Sma”efhen evolved to our target scale M:z GeV using the
lattices (12x 24, 8x24) and at larger cutoff & renormalization group equatio, remains constant as a
=0.08 fm). This serves to analyze the influence of finitefynction of u (no anomalous dimensiprand we used the

volume and to study the scaling behavior. _ value atu?=a~2. Our numbers foZ, andZ; are listed in
We compute fermion propagators using the CI Dirac op-Tgple II.

erator at 11 different bare quark mass values ranging from
am=0.01 toam=0.20. These quark masses cover a range
of mpg/my=0.33 tompg/my=0.92. We do not encounter
exceptional configurations and could work at even smaller If we only consider the vector-meson contribution to the
quark masses. However, as we will show, decreasing theector-vector(VV) and vector-tensofVT) correlators and
quark mass further, thus going closer to the chiral limit, iscontract two of the Lorentz indices, we arrive at the follow-
not sensible for a calculation of the matrix elements at théng expressions:

current physical volumes due to finite size effects.

Ill. EXTRACTION OF THE RAW DATA

Our quark propagators are computed using Jacobi- gw<0|a7’“CI|V(D;K)><V(D;7\)|E7VQ|0>
smeared point sourcé82]. The parameters of the smearing
are adjusted such that the source has a half-width of about =myfi(efer*a,,), (6)
0.7 fm, which enhances the overlap with the relevant ground
states. Olgy g|V(p: MWV (p:N)|go®rglo

In [25-27] it is demonstrated that the Cl operator is ef- o lar“alVipan)(V(piMlao™q|0)
fectively O(a) improved. Furthermore, the spectroscopy re- =imyfyfy(u)p*(efer* g,.), (7

sults presented there show only a very small variatioa?in
and thus are essentially free of scale dependence. Howevevhere e{'e;*g,,= —3. Taking the ratio of thesévector-
improved operators are not yet available for the ClI operatotensor/vector-vectdr we have
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ip“fi(p) ; X (Prytho o T
Rt=——"—, 8) ClT(pi)=2 P X(Pndod Yoz, (12
myfy X
with one remaining Lorentz index from the tensor current. Itwhere p;#0 and the sum ovek is restricted to the two

is this ratio we wish to extract in our lattice calculation. values different fronj, such thatp,=0. The temporal and
For the non-zero-momentum correlators, however, there iE

dditional icat hich arises b o patial correlatorsCy" and C'" differ in two respects:
an additional complication, which arises because the quar irstly, the spatial correlator is non-vanishing only for non-

sources are smeared in .the sngaI _dweqmns. Since thg, momenta, while the temporal correlator gives a contri-
smearing is not performed in the time direction as well, Lor—bution also at zero momentum. Secondly, the spatial and

entz symmetry is lost, affecting theyp,=0 condition  tomporal correlators differ by their time reversal symmetries.
(checking this relation explicitly with the different Lorentz |, particular one finds

components of théqé 0, VT correlators, we find the discrep-
ancy to be small, but significantMore explicitly, we have WV Gy — AVV) 2 a—Ev(Pt . oEv(P)(t=T)y o . . .
for the VT correlator CHp:=A"(p)(e te )

(0[(UQ@) y“(Ua)|V(p; M) ){(V(p;\)|qo*g|0) CYT(p:t) =AYT(p) (e EvPI_ gBVP(E-T)) 1

_ 1L v a_ A v N N
=imyfyfy(w)Zy(p)ef (e p*—ef™p"),  (9) CVT(Bi) =AY T(p) (e BVt eBUA-T) ..

whereU represents the smearing operator &ydp) is the 13

corresponding factor for the amplitude. For the=| case,
we may no longer sum over all of the Lorentz indices,
=, and still expect the second term to vanish. We may, -

exponentially for larger values df

however, consider only the contributions whege= v=k A
y Let us have a first look at our data f@"V and CV7T

#j andpX=0. Then, using only the=k, p=0 contribu- ;
tions for the VV correlator as well, we have the appropriatesepfirately‘ This Serves to check how wgll the expected be-
havior of Egs.(13) is seen and how serious the effects of

' i i®i(p is finite- i . ) )
c_ancellanons in the rat_IR.(p). This finite-momentum ratio excited states are. For this test and also for the extraction of
y|e'Ids n;uch larger statistical errors than the Zero-momentur, o yata we fold all correlators abotit2 according to their
ratio, R°(0), and wepursue this approach only as a CONSIS-time-reversal symmetries and average them appropriately. In

tency check. _ the plots we thus show only the folded and averaged cor-
We note here that the smearing has no effect upon th?elator in the range=0 . ..T/2

zero-momentum results since these have contributions only In Fig. 1 we show effective mass plots, i.e[Qft)/C(t

from the spatial components of the vector-current source angrl)] for our folded correlators defined in Eq4.0)—(12)
the smearing amplitudeZy(p), is the same for all spatial The effective mas&"" for the vector-vector correlatdtop

directions ap=0. plot) and the effective mask, ' for the temporal vector-

The Euclidean lattice formulation provides a natural se+gpngor correlatofmiddle ploy are shown for zero momen-
lection of the desired vector-meson contribution to our corr-, : ; VT :
tum, while the effective masg; " for the spatial vector-

elators; we simply need to ensure that our two currents are i -,
nsor correlatofbottom plo} is shown for momentunp

separated by a large enough distance in the imaginar tim‘iae
P y g g ginary (27)?/L?. The data for the figure are from the 3:632

direction. The vector-vector correlator, which corresponds tq_ \* .
Eq. (6), thus reads lattices witha=0.15 fm and two values of the bare quark

mass,am,=0.05,0.10. The spatial correlator has been aver-
. . _ aged over all three componernjts 1,2,3. However, the scat-
CWV(p;i)=2 ePX(byahod ¥yah)iy). (100 ter of the results for the individual componeits small.
x Both vector-tensor correlators show plateaus between
R t/a=4 andt/a=12 and the vector-vector correlator fola
We project to definite momenturp, using the necessary =g, ...,12. For smaller time separations it is obvious that
phase factor, and sum over the relevant, spatial Lorentz incontributions from excited states are important. Fba
dices, k(px=0). For the tensor current we have to distin- Jarger than 12 we observe two effects: Firstly, an increase of
guish two different cases: When the open tensor index ishe error bars which is simply an effect of the reduced signal
time (=4) we consider the temporal correla®} ' defined  to noise ratio for longer propagation inand, secondly, a
as (k is summedgl systematic deviation from the plateau due to the sinh/cosh
behavior of the correlators. For all quark masses we looked
at we were able to identify stable plateaus. When comparing

our different results for the vector meson enelﬁy(ﬁ)
which determines the time behavior of all three correlators
For open spatial tensor indicgs- 1,2,3 we study the spatial [see Eq(13)] we found that the values @&, (p) agreed well
correlatorCJVT defined as for the different operators. Note that the spatial vector-tensor

The dots indicate corrections due to excited states which play
a role only at small time separations but become suppressed

CY(p) =i P Y(Ppyahod bowat)sy). (11
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- - - 1.2 TABLE Ill. Selected result§those used for the quark mass ex-
H E trapolation of the three-parameter fits for the zero-momentum cor-
L -1.0 relators.
iioij 08 a(m am, W T 2dof.  Ry(0)
W 106 015 002 8-12 4-12  10/11  0.628)
B Hoa4 0.03 8-13 4-13 11/13 0.66m1)
r ‘ ‘ W 0.04 8-15 4-14 14/16 0.688B)
S — 005 8-16 4-15  18/18  0.6089)
r 1 0.06 8-16 4-15 18/18 0.7Q10)
i 710 008 8-16 4-15  17/18 0.7¢8
gL los 010 8-16 4-15 16/18 0.748)
=L 4
WL Joe 0.10 0.04 9-16 6-15 21/15 0.796
© L 1 0.05 9-16 6-15 23/15 0.722
i 104 006 9-16 6-15  25/15 0.788
0.08 9-16 6-15 29/15 0.764
= my= \_/!5\2,(5) - p2. Note that herd and fy are bare lattice
E B quantities which need to be renormalized.
|_\/
>LIJ_ ~
[ IV. RESULTS
r In order to extract the appropriate values for the ampli-
0 tudesAYY and AY" from the two separate correlators, we

construct ay?> measure of the form

FIG. 1. Effective masses for the vector-vecttmp plof, tempo-
ral vector-tensor(middle ploy and spatial vector-tensabottom X°=2 X [Cl(p;th—CLpith1s J(t't)
plot) correlators. The effective mass for the spatial vector-tensor NERIRS '
correlator is shown for momentup?= (2)2/L2, while the other 3,203 1,27
two effective masses are for zero momentum. The data shown here X[C(pit) = CEXP(p’t )]
are for the 18x 32 lattices witha=0.15 fm and two values of the . . .
bare quark massm,=0.05,0.10. = F(AVV(p),AXT(p),EV(p)), (16

correlator shown in the bottom plot of Fig. 1 is for nonzeroyhere the “expected” Va|ueSCLXp(5;t), are given by the
momentum and thus its plateau is slightly higher than for theappropriate expressions in Eq$3) andS ™! is the inverse of

other two correlators. the covariance matrix. We extract the three parameters by
Once the amplitudes are known we can form the temporghnimizing the above function, taking care to use large
and spatial ratio®, andR; defined as enough minimumt' values, thereby avoiding excited-state
T, 2 A2 contributions. See Table Il for the results of the zero-
Ra(P)=As (P)/A™(p), momentum fits.
. . . Since we are interested in the ratios of the resulting am-
Ri(p)=A/T(p)/AYV(p). (14  plitudes, we repeat these fits within a single-elimination jack-

) o knife routine, providing the errors fofy/f, (see the final
We have already remarked th@j, is non-vanishing also at column of Table 11).
zero momentum, whil&; gives a contribution only for non-  Figyre 2 displays the ratios of the vector meson couplings
zero momenta. Slncg the qualllty of lattice correlators genersg 5 function of the dimensionless quantitfms. For a
ally is decreasing with increasing momenta we evalitfe \ije range of quark masses the data display only a slight
at zero momentum anR; at the smallest possible momen- c,ryature and are quite compatible with a linear behavior.
tum, i.e.,p?=(2m)?/L2 The ratiosfy/f, are then obtained Only for the smallest quark masses do the data move up-
from wards. Simulations on smaller physical volumesX&4 and
N N 12 24) at a fixed lattice qucinga% 0.15 fm) suggest tha_t
R (0):_V R-(*):ﬁ (15 the; upyvard trend qf t_he ratio a_t small quark masses is a
4 fy’ i(p myfy’ finite-size effect. This interpretation is supported by the ob-
servation that also in spectroscopy calculations of nucleons
For the vector mass, in the second equation we may use and their excitations the finite size effects set in at the same
the value obtained from our fits to the same correlators, i.evalues of the quark mag&5-27. In order to avoid includ-
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FIG. 2. Ratio of vector meson couplingat the lattice scale, FIG. 3. Similar plot to that of Fig. 2, this time for the finite-

w=1/a) as a function ofr m3 for the two lattice spacings. The momentum rati(m\,Rj(ﬁ)/pj , where|ﬂ=pj=2w/L. The symbols
dashed vertical lines denote thgmZ and rjm> (m%=2mZ  have the same meaning as before.
—m?) physical values. The bursts denote the mass interpolations at
m2-and extrapolations ta? . lattice spacing, a continuum extrapolation becomes problem-
Ss ™ .
atic. We do note that the two results for themeson are

ing such effects, we perform ttully correlated extrapola- cc_)nsistent with each other and Fhey are als_o in agreement
tion to light quark mass without some of the lightest bare?ith the+2r§sults of other lattice calculationgl9,20:
quark masses. This is necessary only for our fine lattice§-742) (o) in Ref.[20]. The trend of thep results suggests
(B=8.35), where the three smallest quark masses give risg continuum value below oug=8.35 result of 0.78, in

to pseudoscalars witlp<l < 4. As can be seen in the plot, it fough agreement with the 0.7 result of Ref.[20].

is exactly these three data points which show finite-size ef- If we normalize using the experimental value B
fects and we therefore exclude them from the chiral extrapo~208 MeV[10,20, we find good agreement with the QCD
lation. For our larger latticesd=7.90), we always have sum rule resul{11-13: ft/fiip':0.743)_ Such compari-
mpsL>4; no finite-size effects are visible and all data pointssons, however, are difficult to assess due to the different
are included in the fit. On the heavy end, all masses With;ystematics in the two approacr(@;g_, our lattice calcula-
r(z)mﬁs>5 are also excluded from the extrapolation. To ob-tion is quenched

tain the data at the strange quark mass we interpolate the The results for the finite-momentum correlator ratio,

neighboring data linearly. R;(p), are shown in Fig. 3. The quark-mass interpolations

In Table IV we present our final results for the ratios of anq extrapolations are performed just as before for the zero-
the couplings, matched to thdS scheme and evolved to the momentum ratios.

scale of 2 GeV. These results are obtained from the zero- Taple V displays the renormalized coupling ratios ob-

momentum correlator ratiof,(0) X Z+/Z\(2 GeV). tained from the non-zero-momentum correlator ratios. The

Since we include no improvement in our current operaerrors are significantly larger for these than those for the
tors, we may expect a lattice spacing dependenc®(@f).  zero-momentum results. However, the results of this consis-
However, since we only have results for two values of thetency check are compatible with those from the zero-

TABLE IV. fy/f, values in theMS scheme aj=2 GeV as TABLE V. f{/f, values in theMS scheme afu=2 GeV as
determined from the lattice rati@,(0). determined from the lattice ratig;(27/L).
a=0.15fm a=0.10 fm a=0.15 fm a=0.10 fm
ffb 0.8017) 0.7808) ffb 0.80515) 0.74624)
VS VS
L 0.72025) 0.74214) L 0.74Q39) 0.70Q38)
(f—”> (2 GeV) (f—") (2 GeV)
pI NS P/ MS
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momentum ratios<€ 1.50 even for the jackknifed difference
at and below the strange-quark mass

Let us briefly summarize our findings. We calculéggf,
going considerably closer to the chiral lintét least on our

larger lattices where the results do not display significant

finite-volume effectsthan previous calculations. This allows

PHYSICAL REVIEW D 68, 054501 (2003

Our final numbers arefj/fp=0.720(25), 0.742(14) and
f4/f4=0.8017), 0.780(8) at a=0.15, 0.10 fm, respec-
tively.
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