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Extrapolating SU(3) breaking from D to B decays
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We consider two S(B) breaking parameterR;(mg) and R,(mg) appearing in a relation betwedh”
— K andB* — 7o amplitudes, which plays an important role in determining the weak phaethe heavy
quark limit, we identify an isospin-related quantiBs(mp) measured irD decays, exhibiting large SB)
breaking which is likely due to nonfactorizable effects. Applying heavy quark symmetry to semileptanid
B decay form factors, we find that factorizable @WUbreaking inR,(mg)/R;(mg) may be significantly larger
than estimated from certain model calculations of form factors.

PACS numbgs): 12.15.Hh, 11.30.Er, 13.25.Hw

Flavor SU3) symmetry of strong interactions plays an decays. To avoid resonance effects, and thus siuaynd B
essential role in some of the methods proposed to determirgecays on common grounds, we will consider only decays to
Cabibbo-Kobayashi-Maskawd@KM) weak phases fronB  “exotic” final states involving 7w in 1=2 andKa in |
meson hadronic decay4]. First order SW3) breaking may =3/2.
be parametrized in a completely general way in terms of We consider an S(3) relation between the isospih
several unknown parametdr8], some of which can be de- =3/2 amplitude inB— K= and thel =2 amplitude inB
termined from experiments. lh—c decays, such as iB  — 77 [8]:

—Dm, experimental evidence exists for factorizatif8l, A(BT—K%7T)+ \/EA(B+—>K+7TO)
and SU3) breaking parameters are given by ratioskoand _
7 decay constants and ratios BfB to D/Dg form factors. = \/Etanﬁc( R;— 5+e*'7R2)A(B+—>Tr°Tr+),

In charmless decays, which are useful for weak phase deter- = _
minations [4], experimental evidence for factorization of 8+ == 32\ Vyp/Ver)) [ (CotC10)/ (C1+Co) ]
hadronic matrix elements is still lacking. It was argued re- =0.66+0.15. (1)
cently[5] that nonfactorizable corrections due to hard gluon
exchange are calculable and those which are due to soft exthis generalizes a triangle relation propose{Bihby includ-
changes are suppressed/bycp/my, . Actual calculations of ing, in addition to the cyrrent-curreﬁttree”) contributions,
these corrections, controlling the former in a model-also the effects of dominant electroweak peng&WP) am-
independent manner and showing that the latter are indedRlitudes given by the second term on the right-hand side
small, are both desirable and challenging. Furthermore, itRHS). Equation(1) and its charge conjugate were proposed
order to treat S(B) breaking within the factorization ap- as a way for determining the weak phage ArgV{,.
proximation, one still needs the values of certain ratios of The complex coefficientR; , in Eq. (1) parametrize
unmeasured form factors, for which one oftens relies on theSU(3) breaking effects. Knowledge of the precise values of
oretical models. R; andR, /R, in the presence of S8) breaking, is crucial
The purpose of this Brief Report is to learn about($U  for an accurate determination ¢f[8,10,11. Using the fac-
breaking inB decays from the corresponding measured eftorization approximation, it is customary to apply the value
fects inD decays. S(B) breaking does not necessarily de- R;=fy/f,=1.22 to the tree part. SB) breaking correc-
crease monotonically with the decaying heavy quark masgions to the EWP-to-tree ratiR,/R; were estimated in the
We will address the two relevant questions, of factorizablegeneralized factorization approximation, assuming a certain
and nonfactorizable SB3) violating corrections to hadronic model-dependent value for the ratio Bfto K and B to =
decays, and of S@3) breaking in semileptonic form factors form factors, and were found to amount to a few per¢8ht
which are used in the factorization approximation. Our main concern will be the SB) breaking parameteR,.
Soft final state interactions which spoil factorization are  For completeness, and in order to deflRg and R, in
expected to affecD and B decays differently. It was often broken SU3) and to prove Eq(1), we start by quickly re-
argued[6], and it has recently been shown by an actual calviewing the SW3) structure of the amplitudes entering Eq.
culation[7], thatD decay amplitudes involve large contribu- (1). The tree and electroweak penguin four-quark operators
tions from nearby lightyq resonances which induce large describing charmless decays transform under flavaBsas
SU(3) breaking effects. Such effects are not expecte®in a sum of3, 6, and15[12]:

_ _ . Ge |1 _ 1 — 1 1-_
HAS=1y pa5=0, pas=1_BF () E(cl—cz)(—sfi)o—6,:1)+§(c1+cz) —15_,— Els,:ﬁ —3,@0”

EWP—\/E \/E
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The left side of Eq(1) receives only contributions from
the =1 terms which transform a6 and 15, while thel
=3/2 amplitude on the RHS transforms as pliEe

AB*—=Km ")+ \2A(BT =K * 79
=\[(Cs_,+Cq_)—8.e"(Cs_ —Cg_)], (3

V2ABT — 7t a0 =\{"Cs_,, (4)

where Cgg_ (mg)= (01+Cz)(<KO H|-15_4/B)

(2
+V2(K* 7% -15_,|B7)),

Gel 0,_+ +
CG|:1(mB):E§(C1_C2)(<K 7 |=6-4B")

+V2(K* 70— 6,4|BT)),

Ge 2 .
Cr_,,(Me)= E(Cﬁ C2) \[§<7T+ 7% —15_3,B").

In B—Km we used ¢g+Cqg)/(Ci+Cy)~(Co—C1g)/
(c1—c5), which holds to better than 3%13], and in B
— mar we neglected very small EWP contributiofi<?].
Taking the ratio of Egs(3) and (4) reproduces the factor
on the right-hand side of Eq.(1) with R;(mg)
= (Cl_5|:1+ C6|:1)/(Cl_5:3/2) , Ro(mg)= (C:L_Eﬂzl_ C6|:1)/
(Cfa 2) Both final states on the left side of Eq8) and(4)
belong to a27 multiplet of SU3), such that the matrix ele-
ments of15 1 and 15_5, are related in the S@) limit,
Cts_,=C1s_,,- The matrix element 08 in Eq. (3) vanishes
in the same limit, such thaR;=R,=1. In broken SW3)
Cs_,#Cr5_,,» Ce,_, 70, and henc&R;#1, R,#1.
Wheread®R;(mg) andR,(mg) are purely theoretical quan-
tities, we prove now that another ) breaking parameter,

Vys A(D™—KO%77)
Vud \/EA(D_—>7T_7TO)’

Ro(mp)=— ©)

measured irD decays, is related tB,(mg) by isospin in a
fictitious heavy quark limim,=m,.
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I3=—1), respectively, and belong to the same isospin mul-
tiplets as the statd&°7 ")+ 2|K " 7% and| =" #°) in Eq.

(1). The initial state ~ andB™ are related to each other by
isospin in the limit of identical heavy quarks. The weak

Hamiltonian responsible for the relevabtdecays is

Ge l _
Hw= \/E chs 1—C2) 261~ (f31"‘(32)\/E 151}

G V* (cy+cy) ! 15 g E1_ )

\/E Vgl (C11+Co 5 S=3p 3 S=12
+(C1—C2)6 =152, (6)

where we neglect a small P-violating contribution propor-
tional to 3(V:VcstVigVed) =O(N\%) in the Cabibbo-
suppressed part and very small contributions of penguin op-
erators[14].

TheAS=1 (AS=0) I=1,13=—1 (1=%,I3=—3) op-
erators in(6) are the isospin partners of the=1,1;=0 (I
=32 1,=1) operators in th& decay Hamiltoniari2). There-
fore, in the limit of identical heavy quarks, isospin symmetry

of  strong interactions  implies A(D —K%7")
ViaVed C15_,(Mp) —Ce, _, (Mp) ], V2A(D™— 7~ 70)
__VﬁchsCE:m(mD)- The ratio of these amplitudes

yields R,(mp) as defined in Eq(5).

The experimental value oR,(mp) is [15] |R,(Mp)|
=0.56+0.08. This large S(B) breaking is somewhat sur-
prising since the relevant final states are exdtie3 and 2,
and receive no resonant contributiofg. The large devia-
tion of the ratio|R,(mp)| from 1 raises the concern of a
similar large SU3) breaking effect in thé3 case. In view of
this possibility, let us review previous attempts and difficul-
ties in explaining the numerical value B,(mp).

In the generalized factorization approdd®] one finds

™ fx FoT(my)

a(lDﬂﬂT)+a(2D7TﬂT) f7T Fgﬂ'(mi)

Ro(mp) =

DK 2 2 DK, .2
a(l ™ mp—mi Fg(m2)

D 2y
Oﬂ-(mﬂ')

)

+
alP™ +alP™ m2 —m?2 F

The phenomenological parametess,, describing the exter-

The final states in the numerator and denominator ohal and internalV-emission amplitudes, respectively, are re-

R,(mp) have quantum numbets=3,I;=—3) and|l =2

lated to corresponding Wilson coefficients through ,
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=C12+{Cp;. The parametet is process and scale depen- pelow of R, , we will use the range,=0.1-0.3, assuming
dent a_nd is determined from expenme_nts.Dvlyhe? fitting nonyg, simplicity ai(BKw):ai(wa) and neglecting complex
leptonic tW%'bOdXDHKW decays, using=g (m7) Z&W phases which have a small effect on our estimates. Note that
[17] and FG™(m%)=0.7 [18], one obtains[16] al®™  \nder these assumptions the s@p+R, can be estimated
=1.26 anda{®*™=-0.51, corresponding ta/(m)=0. more reliably than the difference, since it is independent of
This fit neglects, however, resonance contributions in nonexta; —a,)/(a;+ay).
otic channels which, when included, modify the extracted The form factorng”(K) at q?=0 were computed in a
values ofa, , to becomea{®*™=1.06,a®*™=—0.64[7].  variety of quark model§18,23, light front model[24], MIT

An attempt was mad¢l9] to explain the large S(3)  bag model[25], QCD sum ruled26—-28 and lattice QCD
breaking inR,(mp) by using Eq.(7). This attempt faced [29]. The results span a wide range of values for
three kinds of problems. First, there is an uncertainty in thee5¥(0)/F5™(0), from 0.7[23] to 1.3[24]. The ratio of form
values ofa{°*™ due to resonance contributions in fitted non- factors F§™(m2)/FE7(m?) is expected to differ from 1 by
exotic D decays. Second, the values afP”) may differ  less than 1%; this difference will be neglected in the follow-
from those ofa°*™ . A determination ofa{°™™ from the ing discussion. Using the numerical values frdi8,2g
corresponding Cabibbo suppressed dedagsgjlecting reso- gives a typical value for the form factor ratio appearing in
nance contributionsgives very different resulti20] for a,  the second term of Eq7), F§"(mZ%)/Fg™(m?%)=1.16. It is
compared with theD—K= case, al?"™=1.05, al’™™  hard to assign a theoretical uncertainty to this value, consid-
=—0.07, wherF{"(m?)=0.7[18] is used. Finally, there is ering_ the large spread of model predictions, some of which
an uncertainty due to the present experimental error in thE23| involve values smaller than one. This particular value
ratio of form factorsF2K(0)/F27(0). The average value IMPliesR;=1.21 (1.20) anR,=1.16 (1.17), correspond-
obtained from four experimenti21] is FgK(O)/F(?W(O) ing to a2_=0.1 (0.3). T_hus_, with th_|s choice of the form
—1.00+0.08. factor ratio, Su3) b_reaklng inR, /R, is at most about 4%.

We conclude that it is difficult to evaluai,(mp) and to BL” V'e‘"’BEf the W'dg range of model—dependent results for
explain its experimental value in a reliable manner within theFo  (0)/Fo”(0), and inorder to narrow this range, we pro-
generalized factorization approach. It is not entirely impos0S€ an alternative c'alculatlon of thls'ratlo, which is based
sible that the failure to account for this large QUbreaking O the measured ratio of corresponding form factorin
is due to resonant contributions in otfBrdecay processes decaysFo"(0)/Fg7(0)=1.00+0.08. Semileptoni& andD

which modify the extracted values af . Assuming, for in-  decay form factors, at points of equa(K) energy in the
stance a(ZDK”)/a(lDK”)=—O 6 [7] a(P7m — 5(DK7) rest frame of the decaying meson, are related by a heavy
1 . 1 1 1 1

FoX(0)/FE™(0)=1.1, one finds using Eq(7) the value quark symmetry scaling laf80]
R,(mp) =0.64, consistent with experiment. Still, a probable ag(my)| 9% [mp
explanation for this failure is the presence of significant non- ng(qi)z(—) —FgP(0), P=7K.
factorizable nonresonant contributions. ars(Me) Me

In view of the situation oRR,(mp), one should be aware
of the possible presence of nonfactorizable(3Ureaking
terms at theB mass. Keeping this in mind, we disregard such
terms for the rest of the discussion and stlRl{mg) and
R,(mg) in the generalized factorization approximation

The momentum transfer fd form factors corresponding to
g?=0 in D decays isqZ=18.0 GeV, for K in the final
state, andy? =17.6 GeV for 7. Taking the double ratio of
B andD form factors[31] cancels the leadin@(1/mg) and
O(mg/A ,sg) corrections to the scaling laws of the indi-
al%™  f FET(MR) vidual form factors:

a(lB”")-l-a(zB"”) fﬂ_ Fgﬂ'(mi)

Ry Amg)=
FeX(a2)/FE™(a2)
alPfm m3—mz F3¥(m2) F5X(0)/F2™(0)

8

=1+ 0(mg/m.—mg/my). 9)

(Bmrr) (Brm) 2 2 B2y
a +a mg—m2 Fa"(m . . . . .
! 2 5~ M Fo(m3) We use this relation to predict the ratio Bfform factors in

terms of the corresponding ratio f@r decays. The extrapo-

The parametera®*™ anda®™™ cannot be determined di- - A AR
>yat|on of the former fromq; down to q“=0 is made by

recly from experiments. The closest one can get empiricall ) ) i
is to measure these parameters at a different scale in hadrorfiéSuming pole dominance by thé GtatesBy ) for which
b—c decays. An analysis oB—D®)x(p) yields values W€ takemg =5.7-5.8 GeVmg =5.8-5.9 GeV. This gives
[3,22] afP"=1 anda3°"=0.2-0.3. A recent perturbative FEK(0) FEK(g2)
QCD calculation oB— 77 decayq 5], including nonfactor- 0 =(1.013+ 0.0020—%21.011“ 0.11, (10
izable contributions due to hard gluon exchange, suggests  F57(0) FE™(q2)

that the corresponding value of the effectaefor two light

pions is smaller, arounta®™™|=0.1, involving a sizable where we introduced an error of 7% associated with the
complex phase. This calculation does not include nonfactorO(ms/m;) term in Eq.(9) [31]. The rest of the uncertainty is
izable terms due to soft exchanges, which are argued to bdue to the error irF5¥(0)/F§™(0). This uncertainty is ex-
power suppressed in the heavy quark limit. In our estimatgected to be reduced in future experiments of semileptonic
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decays. The relation between ratios of form factor®iand  in the generalized factorization approximation (S8lUbreak-
B decays can be tested by measuriBg-7/v and B ing in Ry(mp) is expected to be much larger tharRgp(mg).
—K/T /. Assuming universal values fa;, separately foB and D
The value (10) is somewhat lower than the above- decays, bottR,(mg) in Eq. (8) andR,(mp) in Eq. (7) con-
mentioned resultF5"(0)/F37(0)=1.16, taken from certain sist of two SU3) breaking contributions weighed by
models. Inserting Eq(10) into Eq. (8) we find the central a,/(a,+a,) anda;/(a;+a,). In B decays, where,/a;
values R;=1.20 (1.17) and R,=1.02 (1.05) for a,  ~0.1-0.3, the dominana, term involves S(B) breaking
=0.1 (0.3). This implies very small 98) breaking inR;  given by FEX(0)/FE™(0)— 1 which is expected to be at a
and larger Sl@) .bre.ak|.n.g n RZ,/Rl' at a level of level of 10%. On the other hand, iD decays in which
15% (10%).Th|sB|E S|gnn;|cantly higher than the 4% EﬁeCtaZ/a1~(—0.6)—(—O.4) is large and negative, the 22%
estimated f_m”"! Fo (O)I.FOW(O?:l'.lG' An even _Iarger SU(3) breaking offy /f . in the a, term may be effectively
SU(B‘.) breaking inR, /R, is obtained in the factorization ap- roughly doubled by the destructive interference of this term
proximation for values of the form factor ratio which are with the a, term.

smaller than 1. . . .
We conclude with an interesting observation. Our discus- We thank H. Y. Cheng, R. Fleischer, B. Grinstein and J.

sion of the large measured 8 breaking in hadronid L. Rosner for useful discussions. This work is supported in

decays indicates the likely need for a significant nonfactorPt t_)y the N.at|0nal Smenge Foundation, by the U.S.-Israel
izable nonresonant contribution. Such effects may be smalldginational Science Foundation under Research Grant Agree-
in B decays but ought to be considered with care. In spite of7€nt 98-00237, and by the Israel Science Foundation
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