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Flavor SU(3) symmetry in charmlessB decays
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QCD sum rules are used to estimate the flavot3dymmetry violation in two-bod decays to pions and
kaons. In the factorizable amplitudes the (SJUviolation manifests itself in the ratio of the decay constants
(fx /f,) and in the differences between tBe~K, Bs— K andB— 7 form factors. These effects are calculated
from the QCD two-point and light-cone sum rules, respectively, in terms of the strange quark mass and the
ratio of the strange and nonstrange quark-condensate densities. Importantly, QCD sum rules predi¢8that SU
breaking in the heavy-to-light form factors can be substantial and does not vanish in the heavy-quark mass
limit. Furthermore, we investigate the strange-quark mass dependence of nonfactorizable effectB in the
— K decay amplitudes. Taking into account these effects we estimate the accuracy of sev@al SU
symmetry relations between charmlésslecay amplitudes.

DOI: 10.1103/PhysRevD.68.114007 PACS nuntder12.38.Lg, 11.55.Hx, 13.25.Hw

I. INTRODUCTION G
Atac(B—P1Py) =i —(m3—m2 )fp {9, (M2
. tact(B—P1P7) |\/—(mB mp ) e, fep, (Mp,)  (3)

The flavor SW3) symmetry is frequently used to reduce 2
and control hadronic uncertainties in charmlésslecays, . . . . e
while analyzing variou€ P-related observabld$or a recent Is the factorizable amplitudé, being the “emitted” meson

comprehensive review s¢&]). The following amplitude re- with the decay constarfts,, andePl is theB— P, transi-
lation [2] is a well known example: tion form factor. For simplicity, all Cabibbo-Kobayashi-

Maskawa(CKM) and short distance factors are not shown.
3 —=o 3 ou — The nonfactorizable corrections are suppressed eithersby
A(B™—m K%+ 2A(B~ - m%K") or by inverse powers of thie-quark mass. In Eq2) they are
Vis - L parametrized by the process-dependent paraméﬁgfépz)
- \/E( V_ud) AB —a m){1+dsyz)t, (1) andthPlPZ), respectively. The sums indicate that nonfactor-
izable contributions stem from different effective operators

where we neglect electroweak penguin contributions and inand topologiegemission, penguin, annihilation, gtcMore-

troduce a parametefs s to quantify the SUB) violation over, certain decay channels receive two factorizable contri-
L . 2 . . .
50 thatdgys)=0 in the exact symmetry limit. butions, so that the terrh:lprz(mpz), with its nonfactoriz-

For a reliable use of Eq(l) it is desirable to have a able corrections, has to be added to &). There are several
QCD-based estimate afsys). A usual phenomenological sources of S(B) violation in theA(B—P;P,) amplitudes.
remedy is to relate S@3) violation to the ratio of the kaon The inequalitiesfy# f, and fg«# fg,# fg « reflect flavor-
and pion decay constant$(/f,) and/or to the ratio oB ~ symmetry breaking in the factorizable amplitudes. In addi-
—K andB— 7 form factors. Such estimates, however, relytion, differences between the nonfactorizable contributions
on the factorization approximation with its limited accuracy. may also play a role. All separate &)-violating effects
Adding nonfactorizable effects, e.g., in the spirit of QCD have to be accounted and added up in order to obtain an
factorization[3], one has the following schematic expressionestimate ofss ) in Eq. (1).

for a givenB— P, P, amplitude 8=B,, 45;P1,=7,K): Only the ratiof « /f . is known from experiment, revealing
quite a noticeable S@3) violation: fx=160 MeV andf ,
A(B—P,P,)=A,c(B—P1P,) =131 MeV. For heavy-to-light form factors and nonfactor-

izable effects one has to rely on theoretical predictions. Im-

asCp (BP;P.) portant questions concern therefore the parametrical depen-
XP1+——— > st dence of various S(3)-violation effects on the quark-mass
ITEPA differencems—m, 4. We will take into account all effects of
\ (BP1P2) the first order ifmg—m, 4 and in several cases also those of
+ > '—] (20 O(m?). It is also important to distinguish the $&)-
i=EPA ... Mg violation effects proportional tonis—mgy)/m, from those

effects which survive in then,—-oo limit being of O[ (mg
where —m,4)/M], whereM is a large scale independent of the
heavy quark mass.
In this paper we investigate the flavor @Ysymmetry
*On leave from Yerevan Physics Institute, 375036 Yerevan, Ar-violation in charmles8— PP, decays in the framework of
menia. QCD sum rules. Within this method, the ratios of hadronic
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matrix elements are calculated in terms of the quark mass (m +md)<O|Uu+Ed|0>
differencems—m, 4 and the ratios of universal nonperturba- (M (g?)= - — > +0(m3).  (7)
tive parameters, the strange- and nonstrange-quark conden- q

sates.

In order to match Eqg6) and(7), one has to admit that the
decay constants of excited states decouple in the chiral limit
(f7r~mg). As a result the well-known Gell-Mann-Oakes-
Renner relatiori5] is reproduced:

The content of the paper is as follows. In Sec. II, we
demonstrate how S@3)-violation reveals itself in QCD sum
rules. As a study case we discuss thef . ratio estimated
from two-point QCD(SVZ) sum rules. In Sec. Il we employ
light-cone sum ruledLCSR’s) and update some previous 2m2=—(m,+m )<O|Uu+ad|0)+0(m2) ®)
calculations obtaining the differences between the relevant o utd a’

B—P (Byq— 7, By ¢g—K, Bs—K) form factors. In Sec. IV The analogous relation for the kaon is obtained by replacing
we comment on the heavy-mass limit of the (Sviolation  d—s everywhere in this derivation:
effects in heavy-to-light form factors. Section V contains the

analysis of nonfactorizable correctionsBa- PP, with ka- f2mZ = — (my+mg)(Ojuu+ss|0)+0O(m?). (9
ons and pions, employing LCSR and QCD factorization. In o i i
Sec. VI, we calculate the paramet®yiys, in the relation(1) It is important that the light-quark masses are indepen-

dently extracted from various QCD sum rules. Knowing the
value of m,+my one calculates the nonstrange quark con-
densate density from Eg@8). We take

and analyze two other SB) relations.

Il. THE f/f, RATIO FROM SVZ SUM RULES

A\ — m ~ Ar —— 3
We begin by reminding how the decay constants of pseu- (q)=(0|uu|0)=(0|dd|0) (240210 MeV)

doscalar mesons are calculated from QCD sum r{4gs (10
Comparing the sum rules fég andf ;. allows us to quantify in the isospin symmetry limit and at the renormalization

the SUZ3) violation. scaleu=1 GeV. In what follows we adopt the chiral limit
In the case of the pion, the starting point is the correlatiorfor theu,d quarks having in mind that, y<ms. The inter-
function val for the strange quark mass is taken as
mg(1 GeV)=130+20 MeV, (11

(M(q)=i 4y alax i (1) 3y (m) T
(@ IJ e, 001,™ (0)10) corresponding tamg(2 GeV)= 100+ 15 MeV, obtained in
the two recent sum rule analysgg], in a good agreement
with the lattice QCD results and a recent determination from
_ 7 decayq7]. For the strange/nonstrange condensate ratio we
of two axial-vector quark currenj$™ =uy, ysd. We use the  adopt
standard definition of the pion decay constant,

=-11{(g?)g,,+15"(g%)q,4,, (4)

(0fjPlm(a)) =iq,,f . (ss)=(0.8+0.3(qa), (12
fungggnDOSSIble way to obtaify, is to employ the invariant in accordance with the early sum rule analyses for strange

baryons[8]. This interval also agrees with more recent esti-
mateg 9]. We assume that the intervals in E¢El) and(12)

are independent from each otfelt is well known that a
numerical comparison of the two sides in E§) reveals a
rather IargeO(mg) correction to the rhgfor a recent analy-
sis, see e.g[,10]). Importantly, the latter correction can also
be estimated using QCD sum rules for the correlation func-
, tion T at theO(m?) level [11,12. The calculated(m32)

mz +2 fo M ©) terms bring rhs of Eq(9) to an agreement with the experi-
2 - 2 2" mental value of its left hand side.

" In this paper we use an alternative way to calcufatand

. . . . f ., employing QCD(SVZ) sum ruleg4] derived from the
T_he r_lght-hand s_lderhs) goma'”s the ground-state P1ON CON- 1y ariant amplitudell, in Eqg. (4). Taking into account the
tribution proportional td'Z_; the sum overr’ represents, in a condensates up to dimension€ee Fig. 1 and subtracting

simplified form, the dispersion integral over the excited . <um rule forf2 from the one forf2 one obtains for the
states with the pion quantum numbers. Note that the axiaﬁgtio m K

mesona,(1260) and other hadronic states witAi=1" do
not contribute to Eq(6). The amplitudell™)(q?) is calcu-

lated from Eq.(4) using d,,] 5:7):|(mu+ my)uysd and em- 1in QCD the ratio of strange and nonstrange condensates should
ploying the standard tools of current algebra. @¢m, q)  be correlated with the mass differencesoandu,d quarks. How-
only the contact term proportional to the quark condensatever, it is difficult to trace this correlation within the current accu-
contributes: racy of the sum rules used to estimate these input parameters.

quV o a i
1M(g?)=— FHLVEH& (g?)—q?11$(g?), (5)

and write down the dispersion relation for it:

f2
— N (g?) = —~
m;—d
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FIG. 1. The diagrams corresponding to the OPE for the corre- 1 4 M[GeV]

lation function (4): (a) The loop andO(«s) corrections;(b) the
condensate contributions.

2 2 2

FIG. 2. The ratiof /f . calculated from QCD sum rule3) as
a function of the Borel parameter, in comparison with the experi-
mental value(crossels The upper and lower solid curves indicate
the interval of theoretical uncertainties. The arrows indicate the rel-

2 2
o M evant interval ofv2,
1 2 So Sg Interestingly, the main contribution to the rati@3) origi-
SR 2f2 exp — M2 —eXp - M2 nates from the difference in the threshold parameters for the

ks

kaon and pion channel, whereas the quark-condensate term

M PR con_tributes vvjth aboqt 40%. The 4-quark condensate contri-
x| 1+ sl )) + ms(ss>2 n;d<qq> bution (factorized[4] into the square of the quark conden-
™ f=M sate$ is small. Note that parametricallf =sZ + 2/s7ms,
L6ma(M) i.e., the difference between the threshold parameters is of
T — = — — O(my). One can easily expand the rati@3) in SU(3)-
=~ (9(qa)(ss) + (s8)2~ 10(q@))?) (ms) an easily expand the rafa3) in SU3)
81f-M violating quantitiesmg and(ss)—{qq) obtaining
2 ™ ac
m So . omm2 as(M) (qa)
s =1+ So/M7 1+ -
Xexp( vilk (13 fel/f=1+mg szre 0 1 - 2122
where theO(mg) effects are neglected. In this approximation — = 887ras<EQ> 2
the gluon-condensate contributions cancel in the difference () =(ss)) 8IM42 +O(my). (15

pf two sum rules, and th.e quark-gluo.n condensate terms van- The above analysis clearly demonstrates that QCD sum
ish. In the above relation the duality threshold parametey, og directly relate the ratié, /f . with the differences be-

5329-7 GeV* and the range of the Borel parameter 0.5qyeen strange and nonstrange quark masses and condensates.
<M?<1.2 GeV are fixed from the SVZ sum rule for the This example justifies the use of sum rules for othe(By
pion decay constafitf]. The corresponding parameter for the violating ratios considered below.

kaon,sf , is fitted, to achieve the maximal stability of the rhs

in Eq. (13). We obtains; =1.05+0.1 Ge\. In Fig. 2 the lll. SU (3) VIOLATION IN HEAVY-TO-LIGHT FORM

ratio f /f _ is plotted, quite stable with respect &® and in FACTORS FROM LCSR

a good agreement with experiment. As expected, the result- To obtain the factorizable part of a givé P,;P, am-
ing interval fy /f,=1.20+0.04 is mainly caused by the un- plitude (B=B, 4s;P1,=7,K) one needs, in addition tb,
certainties inmg and(ss)/{(qq). The sum rule relatiof13)  and fy, the B—P form factors at the momentum transfer
can be further improved by including higher powers of she squaredq?=m2=0 or g*=m . We define these form fac-
quark mass in the sum rule féf . To give an impression of tors in a standard way:

their magnitude we write down the complete answer for the M2 — m2
loop diagram in this sum rule: <P(p)|Uyﬂb|B(p+q)>:fgp(qz) (2p+q),— B ~ Pqﬂ
q
1 [ 3m? 2md
472 ) m? s s +1Rp(0?)———0,.. (16)
(14 q
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In the isospin symmetry limit there are only three flavortwist 3 DAs ¢, , are normalized withu = m2/(my+my),
combinationsB, y— m, B, ¢—K andBs;— K. Hereafter we nonvanishing in the chiral limit. Additional twist 3 contribu-
drop the flavor indexu,d at B, 4 retaining it only forBs.  tions of quark-antiquark-gluon DA, twist 4 effedtg2] and
The method of QCD LCSREL3-15 is used to calculate the O(ag) corrections[23] are not shown in the above expres-
heavy-to-light form factors including SB)-violating effects.  sion but will be taken into account in the numerical calcula-
Here we will concentrate on the latter aspect of this calculation.

tion. Recent LCSR determinations &, (g?) can be found For theB— K form factor, one has to simply adjust the

in [16,17, f3_ was calculated i118,19, f5, in [20,19,16,  quark flavors in the correlation functiofl?) replacing u

andfg . in [21]. —s in the vector heavy-light current. Accordingly, the sum
S

Let us recall the basic steps of the LCSR derivation. Theéule for fgk is obtained from Eq(20) by replacing DAs:

correlation function used to calculate tBe- « form factors ~ #=— Pk Pha— @he etc. In addition there are trivial “ki-
is nematical effects” caused by the shift of the varialp#

=m?=0—p?=mZ, yielding very smallO(mz/m?) varia-
. : — — tions in the exponent and in the threshalg in Eq. (20).
FM(IO,Q)ZIJ d*xeP (" (p)[T{uy,b(x),Mpbiysd(0)}|0)  Etects of the sgme order originate from th% vari;ci]tion of the
5 momentum transfer from?=0 to g?=m3 .

=p, F((p+a)2a)+a,F(p+a)2agd. 17 Similarly, the correlation function for th8,—K transi-
) ) s 5 tion is obtained by replacingl—s in the pseudoscalar
At large spacelike §+q)° and atq“<mj, the operator-  peayy-light current in Eq(17). In this case one also has to
product expansiofOPE) around the light cone is used for fep|acems—>mss and fB_>fBS_ Note that the 2-point sum

the product of two currents in Eq17). The virtual heavy- rule calculation of thé8 decay constants includes &) vio-

quark fields are contracted whereas the light quarks form the . L :
light-cone distribution amplitudeéDAs) of the pion, e.g., Etclzzrr]l,t zgﬁgtg:{?e case dfi /T, . We will use the most
the lowest twist-2 pion DA defined in a standard way: '

_ - fo,
(7 (p)[U(X)7,750(0)|0)=—ip ., fo due*Pe (). . =1.1650.05, (21)
(18)

where the uncertainty originates mainly frass)/(qq) and
The sum rule forfg_(g°) is obtained by equating the OPE m_.

result for the invariant amplitude to the dispersion relation In the following, we will discuss the S@3) violation in
in the B-meson channel: LCSR caused by the differences between the kaon and pion
DAs. It is possible to classify and estimate these effects by
2fsfs (g?)m3 2thf§h7(qZ)méh expanding DA’ in the asymptotic and nonasymptotic parts.
F((p+a)%,09)=— > T2 —% >+  One then uses two-point QCD sum rules to calculate the
m—(p+0) B mBh_(p+q) relevant nonperturbative parameters entering these expan-

(190 sions. The latter include the normalization factors and coef-
ficients of the nonasymptotic terms at a low normalization
Ecale. The twist-2 DA normalization factors are simply
and fy, so that one does not need a new calculation. The
Wyist-2 pion DA defined in Eq(18) is symmetric with re-

spect tou—u transformation(in the isospin limiy, and the

where the ground-state contribution contains the form facto
multiplied by theB-meson decay constafy . The remaining
standard steps of the derivation are the quark-hadron duali
approximation for the sum over higher states in 8¢) and
the Borel transformation g+q)?—M'?. The resulting

LCSR reads expansion goes over the even Gegenbauer polynomials:
2 2 2_ 2 -
(4 gy M 1ﬂexp<&_w eatum=bui-ul1+ S, afwciizu-n),
KT T N VIE T VIE e
(22)
% (u,p)+ M ue(™ (U, u)+ g5 (up) whereas the kaon DA contains also the odd polynomials
AU u M QDp y M 3
uel™ (u, ) ox(u,u)=6u(1—u) 1+af(u)C¥2u—-1)
- || T (20
6
— , K312/
where u=1-u, o (u)=de{”(u)/du, uy=(m? +n:2'3]4’“.ancn (2u—-1)|. (23)

—qg%)/(s5—qg?) andsj is the duality-threshold parameter in
the B channel. The typical values of the Borel parameter arén the convention adopted hereis the longitudinal momen-
M’2~mi—m?, the same for the normalization scale The  tum fraction of the strange quark in the kaon.
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The coefficiema? is related to the difference between the erates a nonasymptotic part of the kaon bdth a; ,#0)

average momentum fractions o and d(u) quarks in €ven if the pion DA is purely as,ymptou.c. _
KO(K™): ak=5/3(xe—x, ¢)=5/3ftdu(2u—1)ex(u). The Concerning higher twist DA's entenﬁg_CSR we first

1 s “ud 0 K . determine the normalization factors. The twist 3 quark-
parametera,; was originally estimated25] using 2-point i K DAs o™ and o® ized b
sum rules for the kaon-interpolating currents. Recently, th&" |c21uar S ¢po aN <2Pp,(, are normazlze Yia
sum rule based on the nondiagonal correlator of pseudoscalzfr"nw/(muJr mg) = —2(qq)/f7  and  ux= mK/(mu._'— ms),
and axial-vector currents was reanalyzefd6] where a sign ~ fixed by our choice of the quark condensate densityragd
error in the previous answép5] for the loop diagram was respectively. The remaining input parameters are the normal-
found and the importan®(ay) correction was calculated. ization factors f, 5 and &2, of the twist-3 quark-

We will use the numerical estimate obtained 26]: antiquark-gluon and twist-4 DA's, respectively, as defined in
[28,29. We use f;,=0.0035GeV¥ and §2=0.17
af(1 GeV)=-0.18+0.09. (249)  +0.05 GeV determined from the two-point QCD sum rules

[30,31,29. To assess the level of $8) violation in these
In our numerical analysis the asymptotic DA is taken forparameters we present in the Appendix a new sum rule cal-
¢, In order to investigate the uncertainties caused by posculation of 82, yielding
sible nonasymptotic effects we allow for a nonvanishing co-

efficientay . With this simple ansatz, the comparig@¥] of PR

i i ith ex- =1.07"513 (28)
the LCSR for the pion electromagnetic form factor with ex T V013
periment yields the intervalQaj (1 GeV)<0.4. In order to o

estimate the corresppndiraj, we use the relatiof25,28  Eor t. | the sum rule calculation is more complicated and
obtained by subtracting the QCD sum rule &f from the e postpone it to the future. Having in mind the result above,

one fora§ [neglecting theD(a) parts: we assume
m2 /M2 ac 'S¢ v f
a§=e K o2 14 m(ss) B 5my(so,,G""s) f3—K=1.0to.2. (29
fZ 3\ 2m? 12m* 37
8ma. - - We also adopt purely asymptotic higher twist DA, in par-
+ Z[3<qq><ss}—5(qq>2+ 2(ss)?] 1 (25)  ticular we neglect possible asymmetries in the kaon twist 3,4
2™ DAs analogous toaf#0. At the same time, we take into

v auv a ) ] account the mass corrections to the twist 3,4 kaon [D2¢§,
In the aboveG*"=g,G™*(A*/2). The input is the same as ¢ 15 the mixing of various twists at ti@(m2) level.

in the sum rule forfg/f% considered in Sec. II, in addition - Having specified the DA parameters we are able to calcu-
only the quark-gluon condensate densities have to be spegisie the form factors numerically, using LCSR0) and the

fied. For them we adopt analogous sum rules f@— K andB— K form factors. The
_ , _ remaining input parameters are the same ag1il: m,
(q0,,G*"q)=[(0.8+0.2) GeV*[(qa), =4.7+0.1 GeV (the one-loopb-quark pole mags s5=35

F2 Ge\?, andM’'2=8-12 Ge\,. The normalization scale

(sc,,,GH’s) B (ss) is u,=ma—mz. With the above input we predidt;, (0)

(Qr..G"q) (qq) 29 _g2 305, an interval close to the ones obtained 16,17
r Simultaneously, the following ratio of the—K andB—

The sum rule(25) yields for the above interval aij form factors is obtained:
_011<ak<027, 27 fek(0)/f5,(0)=1.08"317, (30)

where the separate uncertainties due to the spread of the
independent input parameters are added in quadrature. Note
that thes-quark mass and the condensate-ratio dependence of
all input parameters in LCSR is taken into account in a cor-
related way. Numerically, the SB) violation effect origi-

2We have checked that the signs found 26| are indeed correct. . : . N
) . . . nates mainly from the ratio of the twist 2 normalization fac-
Note that according to this result the sign of the asymmetry is

negative, opposite to the naive expectation for the headeark to tors f /. and from the a;ymmetrgfaéo. Both quantities
have, in average, a larger longitudinal momentum fraction. To fi-a'® calculable from 2-point sum rules, as we have seen
nally establish this important parameter of the kaon DA it is desir-2D0Ove. We can thus trace the origin of the ra@0) to ms

able to recalculate it with the same accuracy @8] also from the ~ and the ratio of strange and nonstrange condensates. More-
diagonal correlator of the two axial-vector currents, a study which

is beyond the scope of this work. So far, only the quark-condensate

term of the diagonal sum rule is knoW®5] yielding a positive sign 3The complete set of the twist 3,4 DAs of pseudoscalar mesons
for a;. worked out in[28,29 can be found, e.g. in Appendix B ¢27].

which includes the interval obtained [126]. Note that ac-
cording to the sum rules the $BJ-symmetry breaking gen-
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over, the uncertainty of our predictions is to a large extentracts the heavy mass scale in alj-dependent parameters
due to the variation ofg and of the condensate ratio. The in the sum rulg(20), obtaining
remaining uncertainties in both sum rules, such as the ones

caused by the intervals afi, andM'? largely cancel in the f A\ 200 o

ratio. lim f5_(0)=m w[%ex;{—)f dp ex;{ )}
Turning to theB;—K transition, we note that here the my—c 2fg T

strange-nonstrange asymmetry in the kaon DA has effec- ( )

tively a sign opposite to thB— K case, because tlssquark () " ( )

i « " i —pen (D) +pa op”(1)—

is now a “spectator.” In other words, we can use in LCSR ™

the same DApk (u) but with af having an opposite sign. We e

obtain +0(my ™). (34)

+ + _ 0.12
fgx(0)/fg,(0)=1.40"313, (31 Replacing7m— K with our choice of twist 2 DA we get

) ) ) ¢.— ex(u)=6u(l—u)[1+3a;(2u—1)], with a;

quite a substantial effect. Our numerical resi®) and(31)  _o(m,/M) and the scalél ~1 GeV. We immediately no-

are different from the ones obtained earlief20,19,16,21  tice that certain S(B) violating effects survive in the ratio
because of the sign change of the paramaferNote that  f_ /f, atm,—. The fact that the flavor SI3) symmetry
LCSR predict substantial nlagmtudes of @Wviolation also  remains broken in the heavy-quark limit seems quite natural.
for the ratios of theB—p,K*, ¢ form factors[32]. Even if the light quarks in thé8—P transition originate

In addition, we have checked numerlcally that the changgrom the decay of a very heay quark, there is always a
of the kinematical variable? from zero tomy in the corre- long-distance part of S@3) violation manifesting itself in the
Iatlon functlon as well as the switch to the momentum transratios of normalization constanfs /f ., ux/u, and in the
fer g?=mg, being bothO(mg/m) are <1%. Having in  asymmetry in the kaon twist-2 DA.
mind uncertainties of our calculation we neglect the latter
small changes and use in all amplitude relaticﬁ@g(mﬁ)
=f3,(m2)=f3(0)=f2s(0), sothat the factorizable am-
plitudes defined in Eq.3) are

V. SU(3) VIOLATION IN NONFACTORIZABLE
AMPLITUDES

After having calculated the magnitude of &) violation
Ar. (B P.-P.) =i & in the factorizableB— PP, amplitudes, the remaining task
tac B—P1P2)=i 2 is to investigate the S@3) effects in the process-dependent
nonfactorizable contributions. We will mainly concentrate on
Finally, using Eqs(30) and(31) we predict SU3) viola-  the charmless decay amplitudes entering relatibn The
tion in the factorizabld8— P, P, amplitudes, for all possible effective weak Hamiltonian is given by
flavor configurationgin the isospin limij:

mafp,fap (0). (32)

G
o \ Hw:\/—g Z \iciO;, (35
Afact(B_’WK)_ Afact(B_WT’”')
:1_22 where);, ¢;, andO; are the CKM factors, Wilson coeffi-
019 cients and effective operators, respectively. Each decay am-
Atac(B—Km)=1.08"0 17 } X Aact( B— 7). plitude can be represented as a decomposition in the had-
Aac B—KK)=1.317024 ronic matrix elements oD; with different contractions of
fact - 0-21 quark lines(topologies [33]:
Avact(Bs—KK)=1.76"312
Atac Bs—Km)=1.45701 J A(B—P1P;)=(P;P;|Hy|B)
(33
. . . = At(B—P,P
We conclude that in certain cases flavor(SUis not a T:E,PE,A,... T(B=P1P2)
reliable symmetry for charmled® decays. Instead of using
SU(3) relations one should better rely on the QCD calcula- _ Ge
tion of separate decay amplitudes. "k T:E;A’ zl NiCi(P1P2|Oi[B)7.

IV. HEAVY QUARK LIMIT OF SU (3) VIOLATION (36)
With the help of LCSR it is possible to study th®, o the decay channels involved in relatidi it is sufficient

— o behavior of theB—P form factors Maklng the stan- 5 consider the hadronic matrix elements of the current-

dard substitutionsmg=mg+2myA, s§=m;+2wem;, SO current operator®; , in the emission topology. These matrix

thatuo—l wo/My, M'?2=2my7 andfg=m, Y% . one ex- elements are the only ones which entefB~ — 7~ ).
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Theiaddigiorlal annihilation and penguin contributions  to J2A(B™ = 7K )+ A(B™ — 7 K%)= 2Ag(B™— 7K ).
A(B™—m"K"™) cancel(ln_the isospin symmetry limjtwith (37)
the amplitudeA(B~— 7~ K®) which contains only annihila-

tion and penguin termgremember that we neglect elec- The two relevant amplitudes are given by the following

troweak penguins so that combinations of hadronic matrix elements:
- O — Ge * C2 O — 1) R O — 1RO R~
Ag(B"—mK ):Evusvub cit o [(mKT[OF7|B )+ 2c(m K™ |OF[B e
C1 _ _ o0& _
ezt 2k I0018 e+ 20,4k 7BF B e
V, Vi c c
= A (B K)oyt 224 20,87 | £ Aruc B K )| et —+2¢,r 257 || (39)
J2 3 E 3 E
_ _ Gr C2 _ _
A(B™— WO):Evudvjb cit 5 [(m°m |0V ]B )e
= _ Ci), _ _ _ o= _
+2c(m0m|OFP[B )e+| cot 3 |(m w005 B )+ 2cy(m 7|05 B >E]
VudVib 4 Brm
:TAfact(B_’Wﬂ') §(C1+Cz)+2(01+cz)rE , (39
|
where the current-current operators afe(l”)=(ﬁl“ﬂu) To exemplify the LCSR calculation we consider the ma-

X(Ul'#b) and O = (T u)(NT#b), [n=s,d:T,=y,(1  Uix element(m"K~|O{|BO)e=rE™IA;,(B—7K). The
—v5)] and we used Fierz transformatio@(l"2=§o(2']‘{ starting point is the correlation function

+20%), so that O{"=[nT ,(\¥2)u][ul'“(\%2)b] and
OV =[ul ,(A\*2)u][n['“(A%/2)b]. In relations (38) and
(39) we introduced the ratios of matrix elements in the emis- . ~ . B
sion topology: X T{i (0P (0P )} 7 (a))

=(p—k)aF(B7TK)+"' (42

F&BﬂK)(p,q,k)Z—j d4xefi(p7q)xj dye(P=ky

om
sp.py  (P1P2|O/™[B)e _ _
r&PP2 = (P.P,]OM By (400 wherej®)=uy,yss andj¥=im,bysd are the quark cur-
(P1P5|O™[B)e rents interpolating kaon an8l meson, respectively. We only

. _ _ . need the invariant amplitude®™) which depends on the
wherei=1 or 2 andP; is the emitted meson. In the third |;nematical invariants d—q)2, (p—Kk)2 and P?=(p—q

lines in Eq_s.(38), (39 we take into accoqnt.that,. in first —K)?, the other amplitudes in Eq42) are denoted by el-
approximation, the matrix elements ©f , coincide with the  |ipses. Following the derivation if34], one uses dispersion
corresponding factorizable amplitudes. The matrix elementgelations, quark-hadron duality and Borel transformation in
of Oy, accumulate nonfactorizable effects originating fromboth kaon and3 meson channels characterized by the vari-
the hard- and soft-gluon exchanges. We will take them intc@bles p—k)2 and (p—q)?, respectively. The variablB? is
account inO(as) andO(1/m,), respectively. Using the no- analytically continued to the physical point3, so that the
tation introduced in Eq(2), we separate these two effects: artificial momentunk vanishes in the resulting LCSR for the

hadronic matrix element:
(BP{P3)

r(EBP1P2): “s_CFg(EBFqu)Jr e (41) (K=(p)7 " (—)|04|B%p—0q))
o mB )
_ _ _ _ _ —! Jsgdsze(mé—sz)/M/ZJSgdsle(mﬁ—sl)/Mz
The hadronic matrix elements @, , and correspondingly wszmeé mg m?
the ratioerP1P2 are calculable from LCSR using the method (BK) 5
suggested if34]. XImg Img FT7(sq,5,,mg). (43
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The amplitudeF ™€) and its imaginary part are calculated (
using light-cone OPE in the domairp€k)?,(p—q)2 P2
<0)(p—a)?,|(p—a)?],|P?>Aqcp. Itis important for the
consistency of the method that the factorizable amplitude
containing the product ofy and the LCSR foB— = form

factor can be restoref34] from the correlation function
similar to Eq.(42) but with the operatoO{® . The corre-
sponding tree-level diagram is shown in Fig. 3.

The QCD result folF ™) is determined by the diagrams
shown in Figs. 4 and 5 which contain an additional gluon
exchange that violates factorization. These diagrams repre-
sent convolutions of hard-scattering amplitudes formed by
virtual quarks and gluons at light-cone separations, with th?ections of ordem

pion light-cone DAs of growing twist accumulating the o :
long-distance dynamics. lated but found to be negligible. Consequently, in E&),

So far, only the soft-gluon part of the sum rule fBr E‘Wf‘(u) denotes the same combination of twist 4 quark-
— 7 was obtained[34] resulting in the estimate for anthgark—glglon Dgs Vf‘lfh]!Ch enters LCSR f(B_,’T”IT’ a:cnd
NE™™  Here we will extend this calculation to the channels 2" P€ €asily read oit from Ed30) in [34]. Finally, for
with kaons in order to Obtam(EBﬁK) and)\EBKﬂ'). The soft- fg-(0) we use LCSR(20). Comparing the sum rule for

(B7K) i (Bww) - . .
gluon contribution td— 7K originates from the diagram in A with the one for one immediately recognizes

Figs. 4a and 4b which are similar to the diagrams determin'Ehat SU3) violation originates from the differences in the

H . K T
ing the LCSR relation for\E” obtained in 34]. In addition, e][nlr:ted melion cgannel‘B& vst, ’230 VS so_an((JIBtrwe) absehnce
for the correlation function(42) there are new diagrams ©f the quark-condensate a@(my) terms ink - In the
shown in Figs. 4b and 4c which are absent in the cage of B~ K channel(with the emitted piopthe SU3) violation
— ar (in the chiral limit. These diagrams correspond to the With réspect tB— mar has another origin and is due to the
four-quark-gluon contributions to the pion DA and are fac-differences between the kaon and pion DA which were al-
torized in terms of the quark condensate and quark_ready discussed in the previous section. Thus, in order to

antiquark-gluon DA. Similar condensate contributions haveOE’ta'n the+sum rule fox ) one r}1<as o replace in EGA4)
been taken into account in LCSR for the penguin matrix{8=(0)—fex(0), fxm—fzri), So—Sg, mMs—0 (quark
elements irB— 7777 [35] where one can find a more detailed condensate terms vanistfs,— fa¢, @3,— sk, 05— 5%,
discussion. The sum rule relation obtained from E4pR) ?p‘,‘j’“—ip}(w“. Numerically, we obtain

reads

FIG. 3. Tree-level diagram corresponding to the correlation
ction similar to Eq{(42), with operatorO{® .

2/M? to the twist-4 part which we calcu-

NETM =110+ 40 MeV, A\E™=120"3 MeV,

(Baky__ M8 L (e sm? NBK™ = 1093 Mev, (45)
M 70\ am2izlo °F
B : where the uncertainties are correlated. We find that the mag-
mg tdu 22 200 nitude of SU3) breaking in )\(EBP1P2) is generally smaller
2fgmi, ug? . ° than in the form factors revealing that the effects duento

and(ss)/(qq) largely cancel in the ratios of nonfactorizable

4w’my(qq) 4m: and factorizable amplitudes.
X Mpfan| 1+ 7 2 The two-loop diagrams in Fig. 5 have not been calculated
3M M yet, nevertheless in order to clarify the origin of SUef-
udy fects it is sufficient to write down the answer for these dia-
X 07(P37T(1_U,U—U,U) grams in a generic form:

Img, Img FE™(s, s, mg)(Fie- %)

+fﬁéi[1+0<ms<aq>>]w4(u>l ) (44 e

2
p [Tsa,0(S1,S2,My,Mg)

where o (a;)=360a;a,a? is the twist-3 quark-antiquark- oy 2
gluon DA taken in the asy?nptotic form arig,. is the corre- +Mg(qQ) Tsc,a(S1,52,Mp) J@r(S2 /M), (46)
sponding normalization constant. We have also taken intQuhere, for simplicity, only the leading twist-2 part is shown.
account theO(m?) correction to the perturbative loop and In the above, the indices at the hard amplitu@ietenote the
the twist-3 part of the quark-condensate term. Since this termorresponding diagrams. Substituting E46) in Eq. (43) we
turned out to be numerically extremely small we have ne-opserve that S(3) violation with respect t®— 7 is again
glected the correspondin@(mg(qq)) twist-4 contribution  due to the differences in the channel of the emitted meson:
indicated in Eq.44). The same argument holds for the cor- (1) fy#f, sga&sg; (2) quark condensat®(m,) contribu-

114007-8



FLAVOR SU(3) SYMMETRY IN CHARMLESS B DECAYS PHYSICAL REVIEW D68, 114007 (2003

J%

ing to the soft-gluon contributions
in the correlation functior{42).

(©) FIG. 4. Diagrams correspond-

Q%

tions; (3) O(mg) effects. The analogous expression fr aCr
—Kar is obtained by the following replacements in Egs.
(46), (43): ¢,— ok, sSh—s7, fx—f,, me—0. As in the
case of the soft contribution, now the differences between c
DAs of kaon and pion determine the §3) violation. SiFg(EBKW)z(—0_029—(+o_o55)—o_045_ (47)
After this qualitative discussion we still need to estimate m
the hard-gluon contribution numerically. For that we employ
QCD factorization. The expressions for the matrix elements Ne uncertalntles in the real parts are due to the spreag in
can be found if3] and we will not repeat them here. As an andaz“, and the small uncertainty in the imaginary part of
input in this calculation we use the LCSR form factors, andd® ™ is due toaf . Altogether the uncertainties in the real
adopt the normalization scaje,. In addition we take from parts overshoot the ones related to thgBWreaking. Com-
[3] the inverse moments of tH&meson DA and of the pion bining Egs.(45) and (47) we obtain the parameter§®F1P2)
twist 3 DA: A\g=0.35+0.15 GeV andxr'rzz_@ 2.4 Gev, that are needed to complete the calculation of the matrix
respectively. The numerical result is elementg(38) and (39).
Before closing this section, let us mention that the LCSR
analysis of nonfactorizable contributions can easily be ex-
“SicF SB7 = (0,025 — (+0.044 — 0.045 tended to the matrix elements of the quark-penguin operators
T E ' ' ' ' O5_¢ as far as the emission topology is concerned. Because

(

s8™)=(—-0.035 —(+0.032 — (0.040+ 0.002i,

FIG. 5. Some of the diagrams
corresponding to th®(as) con-
tributions in the correlation func-
tion (42): (a,b hard-gluon,(c,d)
hard-gluon and quark condensate.
The similar diagrams where the
gluon is attached to thé- and
d-quark lines are not shown.

= S
= T
\_/ \_/

}ﬁg/
(a)
(©)
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of the (V+A) structure of the operatdds [which becomes some results can already be read off from the LCSR esti-
(S+P) after Fierz transformatidn we expect the result to mates for gluonic penguins and charming peng(iBH re-
change qualitatively: First, in the chiral limih,—0, the placing pions by kaons. However, in most®# PP decay
diagrams in Figs. 4a and 4b have to vanish due to chirahmplitudes, the penguin effects are accompanied by annihi-
symmetry. Consequently, the loop diagram is proportional tdation contributions. The latter have not yet been analyzed
m, if the emitted particle is a kaon, and vanishes if it is awithin the LCSR approach. The annihilation amplitudes with
pion. Second, due to the changed Dirac structure of the cohard-gluon exchanges are also problematic for the QCD fac-
relator, the leading twist is 4. This implies that the soft-gluontorization approach. Therefore the uncertainties caused by
nonfactorizable correction is suppressed bmf;]_/ In total, annihilation effects are at the moment certainly larger than

we get a result of the form any SU3)-breaking in the penguin amplitudes.
BP;K A —
Ny A ss)—(uu
:A ~O< 9er O(ms)+o<% . (49 VI. HOW ACCURATE ARE THE SU (3) RELATIONS?
B m2

After analyzing the rate of the §B) violation for differ-
It is interesting to note that also the quark condensate terrant elements of thd8— PP amplitudes we are now in a
vanishes if the emitted particle is a pion, as long as we relyosition to return to relatioil) and calculate the magnitude
on isospin symmetry. We postpone a more detailed study aff its violation representing the individual amplitudes in
these contributions, as well as the analysis of thé33\io- terms of the factorizable parts and nonfactorizable correc-
lation in the penguin-topology contributiogenerated by tions. As we already mentioned, in this particular relation the
current-current and penguin operadatis the future. In fact, penguin and annihilation contributions are absent. We obtain

(C1+Col3+2C E™) f i [+ (CptCo/3+ 2¢,r XY Fg /5
[(C1+Col3+2C,r 2™ )+ (Co+Cq/3+ 2,12 ]

Osu3)= (49

Using the numerical results fo€™™, rE™ andrE™ ob-  that on general grounds there is actually no preference for
tained in the previous section and the ratio of form factordJ-spin symmmetry with respect to the general (SU Fi-
(30) we obtain nally, with our results one can also estimate the accuracy of

the other relation
dsuz)=(0-2115,019 +(0.008 5 079 (50 . i
A(Bi—K K )=A(By— 7 K") (53

For consistency the Wilson coefficierts , have been taken
at the same scalg,, at which the hadronic matrix elements suggested1] as an estimate for thB,— K"K~ amplitude.
have been calculated from LCSR. Importantly, our result folVe get(neglecting nonfactorizable corrections
dsuye) has a rather small uncertainty indicating a moderate 5 5
SU(3) breaking in the relatiorfl) which can be taken into  A(Be—K*K )fact (fBSK(O)>mBS_ Mk

account in the applications of this relation. ABy—m K )ract f5(0) mé— mi 0.14

To demonstrate that the situation is not always like that,

let us consider the U-spin relation (54)

A(B.—K* K )=A(By— 7+ ) (51) again, a rather large SB)-violation effect.
which is employed in certain CP-violation studidg. From VII. CONCLUSION
the results obtained above we are able to predict the ratio of
factorizable hadronic matrix elements ©f for these chan-
nels (written without CKM factors,

We have demonstrated that QCD sum rules progidan-
titative estimates ofSU(3)-violating corrections to the am-
plitude relations for charmled® decays. Our main goal was
2 2 to formulate a consistent approach where all relevant had-
Atact(Bs—K'K™) fx fek(0)| M — mK_l 26015 ronic matrix elementgdecay constants, form factors and
far(0) | m2—m? - 701 hadronic decay amplitudesare calculated with the same

f. 2

Afact(Bd‘”T+ m) R . .
(52) method (a combination of two-point and light-cone sum
rules and using a universal inpuguark masses, conden-
The nonfactorizable corrections to these relations are morsates, and meson distribuition amplitudeghe clear advan-
complicated and include annihilation and penguin contributage of this approach is the possibility to calculate the flavor
tions which are not discussed here. We only notice that theymmetry-violating corrections in terms of the differences
predicted violation of the U spin is quite substantial. Notebetween thes andu,d quark masses and condensates.
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For the SU3) relation that we have taken as a study case, P :ay & u
we predict a moderate correction, with small uncertainties, H PR
indicating that the method works, despite the fact that QCQyhere & =1¢ aﬁGaﬁ. It was determined i30] using
sum rules have limited accuracy. Simultaneously, we haV%tandardp?wo—poﬁLnt sum rules. Two different approaches were
demonstrated that, according to LCSR, (SWviolating ef- ,seq the results of which where shown to be in a good
fects in the heavy-light form factors are not suppressed in th%greement. The first one is based on the non-diagonal cor-

my— e limit. Furthermore, the sum rule approach is able to ~ () . s
) : . relator ofa, with j}™ and is sensitive to the gluon conden-
identify the cases where accumulation of several effects “ v

leads to a large SB3) breaking, such as in the U-spin rela- Sate density. We prefer to use the diagonal correlator
tion between the factorizable amplitudBs— K"K~ andB

(A2)

— a7~ In such cases flavor symmetry is not reliable and ;r,w(q)=if e'd*x(0|T{a!(x),a,(0)}[0).  (A3)
an actual QCD calculation for separate decay amplitudes is
preferable. In order to calculatés; one simply has to replaag—s in

_The accuracy of our calculation can still be improved,ihe currents. The correlator consists of two independent
with a better knowledge ofng an trzle nonperturbative pa- structures~q,q, and ~g,,, of which only the first one,
rameter:s of the k_aon DAS%(’ a;, O etc). NOtithat hlav- denoted asr(qg?), is of interest. Following the standard pro-
ing at hand precise measurementsDof-K and kaon elec- coqyre with dispersion relation, quark-hadron duality and

tromgg_netic form factors and com_paring the sum rUIeBoreI transformation, the sum rule is obtained:
predictions for these form factors with the data, one may

gain a lot of important constraints on these parameters and , L[ ~ ocD 2 o2
improve the accuracy of the results obtained above. 5ﬁf|<=;fo dsImgmQCB(s)elMk~ 9", (A4)
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pressed. Also the perturbative part shown to be negligible in
APPENDIX: NORMALIZATION PARAMETER OF THE [30] is left out. Our result reads

TWIST 4 KAON DA Mg

6

54f2=emﬁ’M2[M2 (&)—E(Uu>)+i<%G2H
The normalization parameter of the twist-four DAs of the “K'K 3 72\

kaon has not been calculated yet. The corresponding normal-
ization for the pion is given by the nonperturbative quantity

+0(m2)+0(my(qGq)). (A5
52, defined by the matrix element (mg)+0(mg(qGa)). (A5)

8 _
+ §was(ss><uu>

(Ola,|m*(p))=—if .6%p (A1)  Inthelimitms—0, m¢—m,~0, the quark condensate does
. H not contribute and this expression agrees with the original
of the current result for 5*£2 .
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