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1. Introduction

‘Rare decays’ oB mesons, such & — K*y, B— K*u™u—, B— py, ... whereb — sy are
flavour changing neutral current or FCNC processes and agenibt allowed at tree level by the
GIM mechanism. However this makes them sensitive to higtedes, and may affect various CKM
matrix elements, such &4 or Vig. These exclusive events can be investigated at the LHC by the
LHCb experiment. A theoretical framework is provided by Q@btorisation, eg,[[1]2], (which
is a heavy quark expansion in'hy), perturbative QCD[]3], soft-collinear effective theof] for
light-cone sum ruleq]5]. These give a decay amplitudeedl&t vector distribution amplitudes or
vector DAs. These are usually defined in M&scheme at some scale In this article we compute
using lattice QCD the lowest moment of tKé DA. Analogous computations have recently been
performed for the spin 0 particlesandK, [g, [{].

As we have vector particles, with a polarisation vector, \agehtwo distinct DAs: ¢l (&)
and @' (&). These are functions df € [-1,+1], wherex= 3(1+&) and 1-x= (1 &) are
the fractions of meson momentum carried by the quark anegaatik respectively (in the infinite
momentum frame). An expansion in terms of Gegenbauer poijale

@l (&) = ¢V E) (1+§a$~i<u>cﬁ/2<s>> ,
with

(1-¢%,

MW

(pasymp(g) _

allows (possible) reconstruction of the full DA. In parﬂiauasa;“{L — 0 whenu — o, we might

hope that knowledge of the lowest lowest fa“q\rL coefficients suffices. Indeed the lattice compu-
tation is only capable of giving low moments of DAs, defined by

1
@)= [ agenel (g p),

wherea " =5/3(&)I-4, alt =7/12(5(62)I-- — 1), ... . As Gegenbauer polynomials are orthog-
onal polynomials with weight & &2 and as::g’/z = 1 then the normalisation is such tHaj/l-- = 1.
Finally we note thaG-parity restricts the functional form ca:p,',"L to an even function of and so
non-zero moments ar& )x+, (§2)k-, (€2)p, ...

2. Minkowski matrix elements

Longitudinal matrix elements are given by
 topts b <0’ﬁ(<///)llol—11'“l—ln V,B,A) = irnVF\yyHOIJr“IJn s/(\””)“o pUAIHL Ok )k <En>\| ,
with

(M) U1 (A)H2 () Hn

O Ho L Hn iﬂqw%f)lio 9 9 9 u,
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whereq=d or s, .¥ means symmetrised and traceless in these indﬁesé - é andA is the
polarisation index. Correspondingly transverse matmxreints are given by

rSﬁlJOIJl“‘IJn <O‘ ﬁ(//)vllolll‘“lln ’V7 ﬁ7 A > =

=L (AW ) o _ o (AHO (AW AV (k] (gnyL
IR L opy - | (6,77 PO — gy P p ) gL p ”] (&h—,

(Whereg KV = 1[yH y#)V]) with operators

) S SO ()
GV ok _ i (#)VHo g 2 9 u.

This all looks rather complicated, but for no derivativas{0) the equations reduce to the familar
ones for theF\ﬂ’L decay constants, namely

(O KoV, B A) = imyFygy e, Ve =gy,
and
<0,-f</f>vuo V,B,A) = iFVL(S/(\‘///)V pl#Ho gﬁ;ﬂ)Ho pwf)\/) 7 T(VHo — gg#VHoy,

Thus we see that these equations have been normalised:\\y\’/ﬁrto ensure, as required, that
(Dl =1,

3. ThelLattice

On the lattice we need a careful choice of lattice operatoravbid mixing with same di-
mension operators, and worse mixing with lower dimensioparators when /& subtractions are
required. We shall consider onity= 1 operators here, the lif[8] used is

n | Operator Representation
0% = Oy 73, C=+
1| 0P =04—15,64 Y. c=+

for the longitudinal operators, wheg,, ..., = AV, §u1§“2 ‘%IJn uand

n | Operator Rep.
0% = Oija+ O — Oy — Onji 1 £} | T, ,C=+
1] 67" = Gaa—33, O P, c=+

for the transverse operators, Wherg,, ., ..., = W Yio §H1§H2 éﬂn u (v # Up). The operators
belonging to different (hypercubical) representationgehaeen labelled by ‘a’ and ‘b’, and should
give the same results, at least in the continuum limit. (fntesults, includingn = 2 operators
will appear in [9].)

Correlation functions are then defined, where

Coa(t; B) = (0(t; B)Q(0; B)1).
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with Q =V or T, where to improve the signal these operators have beerbilaooeared. Then in-
serting complete sets of states in the standard way giveslation functions invoIvian\ﬁ]V, B,A)
and (0|&|V, B,A). The unwanted0|Q|V, p,A) may be cancelled by forming ratios. For example
we find for some of the (bare) operators

e Longitudinal

37 Cpiay (L P) 2EZ 4+ i I
Tronn — 2 (G a) errEn 0 @)

1
2

SomlD () @l

§%i0w(tp) 37 \Ef+2m b
e Transverse

Cyiay, (D)

131C oy (6P) 4E7 — Mg

= -E <72

32iCrv (6 P) 5

= 3i3npm(&)x
) cothEy (INr 1) (€)¢

and similar expressions for the other operator€a$n the above/) can also be replaced by
giving further ratios. Thus many cross checks are possiibée that the fit function is known and
may be either tanh, coth or 1. Also half the= 1 operators can be measured at zero momentum;
the others cannot. However for those operators a non-zéim rejuires only a single unit of
momentum in one direction. We choose the lowest possible entum,| 5| = 217/Ns and average
over the three spatial directions.

We use unquenched; = 2, O(a) improved clover fermions in our simulations, the lattices
employed being:

B | Ksea | NExNp | Trajs| mps/my | mpds | alfm] | Lsffm] | mpMeV] ||
5.29 | 0.1350| 16% x 32 | 5700 0.76 6.7 0.075| 1.20 1100
5.29 | 0.1355| 24° x 48 | 2100 0.70 7.8 | 0.075] 1.81 860
5.29 | 0.1359| 24°% x 48 | 4900 0.62 57 0.075| 1.81 630

together with various for the valence quarks. Note thiag = aNs andmy: /my+ ~ 0.18. The
scale is set from the, force scale, using a value of of = 0.467fm= 1/4225MeV. ais deter-
mined from extrapolatingro/a) to the chiral limit (presently givingro/a)c(8 = 5.29) = 6.20(3)).
No operator improvement has been attempted, althoughierperfrom quenched unpolarised op-
erators has indicated that these effects are probably Sft@ll

A non-perturbative renormalisation R’ — MOM method has been used to determine the
renormalisation constantsZ{ ¥ is computed numerically and from th#&® is determined. This
is then converted t8"S(1 = 2 GeV), which is the scheme and scale that all our results are gezben
here.) For more details see the forthcoming papdr [11].

A (typical) result for the ratio is shown in Fifj] 1, where wesebve a clear tanh function.
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Figure 1: The ratio—2 3 5;Cpay (t:0)/ 5 Cuy (t:0) = (&)htanhmy (INT —t) versust for B = 5.29,
Ksea= 0.1350,Kyg = (0.13550.1343, g = 0. The results are denoted by filled circles. Also shown is a
one parameter fit (theyy mass having been determined previously). The fit range istddrby vertical
dashed lines. The operator has been renormalised M &seheme a1 = 2GeV, so that the value obtained
corresponds directly to a point in Fiﬂ. 2 (the sixth poinnfrthe left).

4. Results

As noted previouslypdd moments vanish for degenerate mass (valence) quarks amavenu
have (ng, < my,)

<E>H7J— 0 rn]l - rn]z O m(h + rn]z - ZmQZ
O mﬁps_ m%)s>
wheremps is a pseudoscalar meson with degenerate mass quarks@gis a pseudoscalar meson
with possibly non-degenerate mass quarks. (Foetrmoments, not considered here, there is
no such restriction and are just symmetric in the quark nsaser (& )',‘gf we first, for fixedmge,
plot (£)/+ against (valence pseudoscalar mass&s), — Ma; and interpolate to the physical point

mg — m2, [f]. This is then taken as a function ke, 0 M2, and extrapolated to the chiral limit to
[l

give finally (&)= .

In Fig.[2 we show(E%L‘1 versusmﬁps— m%s together with a one-parameter fit passing through
the origin. Also shown (red star) is the value whef,,— mgs = mg —m?%. Fig. [ shows the
corresponding results fdg ) 4.

As discussed previously we must now extrapotatg, (1 m%s to the chiral limit (the difference
between this and is negligible). In Fig[}4 we show this extrapolation f((ifr><|5‘1 giving an estimate
for (E)'ﬂ@. In Fig. [ we show the equivalent picture f@)2 leading to a value foté)..

This is repeated for other channels and we thus finally aatiibe (preliminary) results

(E)k- ~ 00332)(4) Ay ~ 0.0553)(7)
(&) ~ 0.030(2)(8) at. =~ 0.050(3)(13)
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Figure 2: (&)} Versusng ,,— M in the MS scheme api = 2GeV for 8 = 5.9, Ksea= 0.1350, 0 = 0 for
various valence quark combinations. A linear fit vanishifgewthe two valence quark masses are the same
is also shown. The red star shows the value wigp, — ma = mg — .
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Figure3: (&)4 versusmﬁps— m%s. Same notation as for FifJ. 2. Note that here we work at finitenevtum
Bl = 2m/Ns.
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Figure4: <.§)!l versusm%S for the three sea quark masses, = 0.1350, 01355 and Q1359 (black circles),
together with a linear extrapolation to the chiral limitdreircle).
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Figure5: (&)4 versusm%s. Same notation as in Fif]. 4.
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(intheMS-scheme at a scale pf= 2 GeV) where the first error comes from the spread of channels
presently analysed and the second error is an estimatioossflge chiral extrapolation error (the
fit being repeated dropping one data point). Also any disatdn errors have been ignored.

These are to be compared with the results from sum rule ets!:'muﬂaﬂK* ~ 0.02(2), ajy. ~
0.03(3) [[LZ] at the same scale, and the limit functipffY™R &) giving aﬂKl = 0. Potentially lattice
results are more reliable than sum rule estimates and mayita reconstruction of the vector
distribution amplitude.

Our conclusion is that a lattice determination of (momefitsector DAs is possible. We plan
to extend these results to lighter pseudoscalar magses.40 (a finer lattice) and t¢& 2>”’L for
both theK* andp. Further results (including the zero moment decay consyavitl appear in[[P].
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