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B—owTnw~, Km, Ky’ decays and new physics effects in the general two-Higgs-doublet model:
An update
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In this paper, we reexamine the new physics contributions to seven well medsur&P decays in the
standard modelSM) and the general two-Higgs-doublet modeiodel 1ll) and compare the theoretical pre-
dictions with the new data. Within the considered parameter space we finthttiae measurements of the
branching ratios foB— "7, K~ 7", andK°xz" lead to a strong constraint on the form fackf™(0):
FE”(O):0.24t 0.03, and(b) the new physics enhancements to the penguin-dominBte& 7= and K »’
decays are significant in size,(40—65)% with respect to the SM predictions, and play an important role in
restoring the consistency between the data and theory.
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As is well known, one of the main ObjeCtiveS fexperi- For the inclusive three-body decay5_> Saq with q

ments is to probe for the possible effects of new physicsc {y,d,s} the effective Hamiltonian can be written f8]
beyond the standard mod@M). Precision measurements of

the B meson system can provide insight into very high en- .

ergy scales via the indirect loop effects of new phy$icg]. Her(AB=1)=—
Up to now, the CLEO, BaBar, and Belle Collaborations V2

[3-5] have observed eighteen two-body charmless hadronic

B, ¢ meson decay modes. Seven well measuBed PP — ViV

(hereP refers to the light pseudoscalar mesodscays are

2
jgl Cj (Vy sz;sQ}J + VcbvésQf)

] . (2

The explicit expressions for all operators can be found easily,

for example see Ref8]. For b—dqqg decays, one simply

i i makes the replacemest-d. Following Ref.[8], we also
These decay modes are closely related through isospin syMgglect the effects of the electromagnetic penguin operator
metry and SU(3) flavor symmetry, phenomenologically veryq,  the weak annihilation and exchange diagrams. Within
interesting due to their key role in extracting the unitaryhe SM and at scaleM,,, the Wilson coefficients
anglesa and y, and the appearance of the so-callgk ¢ (M), ... ,C;o(My) at next-to-leading logarithmic order

puzzle: the observeB—Ky' decay rateg3—5] are much  (NL.0) andCy4(Myy) at leading logarithmic ordeiLO) have
larger than what was expected in the standard model basggben given, for example, in REH).

on the effective Hamiltonian with generalized factorization |, 3 recent papef23], Chaoet al. studied the decajp
(GF) approach[6-9]. To accommodate the data, one may _, g, in model Ill (the third type of 2HDM'$ by assuming
need an additional contribution unique to the meson in 54 only the couplings.=|\y|€'®% and\p,=|\p€'% are
the framework of the SM10-13, or enhancements from hon7er0. They found that the constraintidn,+ imposed by
new physics models beyond the §#,15. the CLEO data ob—sy can be greatly relaxed by consid-
In & previous papefl14], we considered the second pos- ging the phase effects af, and\,,. From the studies of

sibility and calculated the new physics effects on the tWO'Refs.[2,23], we know that for model 11l the parameter space,
body charmless hadron®@meson decays in the general two-

10

1243 CiQj+CyQq

B—7m 7", Km, Kg'. (1)

Higgs-doublet model§2HDM'’s) [16]. In this paper, we \ij=0, for ij#tt, or bb,

focus on seven well measurd®l—~PP decay modes and

compare the theoretical predictions with the newest data. We Nl =0.3, |App|=35, 6=(0°-30",

still use the low-energy effective Hamiltonian with GF ap-

proach[8,9] to calculate the new physics contributions. For M+ =(200=100) GeV, (3)

recent studies oB— PP decays in the SM with the QCD
factorization|Beneke-Buchalla-Neubert-Sachraji@BNS)]  are allowed by the available data, whe¥e 6,,— 6, . In this
and perturbative QCIPQCD) approache$17,18, one can paper, we calculate the new physics contributions to s&en
see the papeilfldl9-22 and references therein. meson decay modes in the Chao-Cheung-Ke@©K) sce-
nario of model I11[23].
Following the same procedure as in the SM, it is straight-
*Email address: zjxiao@email.njnu.edu.cn forward to calculate the new-, Z%-, and gluonic penguin
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TABLE |. Measurements of the branching rat®{B— PP) (in units of 10°°) as reported by CLEO,
BaBar, and Belle Collaborations. The last column lists the world average.

Decay mode CLEO BaBar Belle Average
B ot 4.3'18+05 4.1+1.0+0.7 5.6'23+0.4 4.4+0.9
BO—K* 7™ 17.2°35+1.2 16.7+1.6+1.3 19.3°33°52 17.3+1.5
BT —K'a° 11.6391% 10.8"21+1.0 16.333° 1% 12.1+1.7
B —Ko7" 18.2°35+1.6 18.233+2.0 13.755 18 17.4+2.6
BO— K70 14.6273% 8.2731+1.2 16.0°23735 10.7+2.7
B =K'y 80 %+ 7 70£8+5 79" 12+9 75+7
B°—KO%y' 89'18+9 42'3+4 55" 13+ 8 56+ 10
diagrams induced by the exchanges of charged Higgs bosons eff
that appeared in model I{for details of the calculations, see a,=CS'"+ % (i=1,...,9, (6)
Ref. [14]). In the naive dimensional regularizatighiDR) N¢
scheme, by using the input parameters as given in 8js. , )
and settingu=2.5 GeV, we find that where the effective number of colollxls@*ff is treated as a free

parameter varying in the range of<N¢''<o, in order to
model the nonfactorizable contribution to the hadronic ma-
trix elements.

In the B rest frame, the branching ratié¥B— P P) can

C,=1.1245, C,= —0.2662, C3=0.0186, C,= — 0.0458,

C5=0.0113, Cg= —0.0587, C;=0.0006, Cg=0.0007, be written as
Co=—0.0096, C;,=0.0026, C''=0.3364, (4) B(B—XY)=1g L SIM(B—XY)|2, @)
B
ff_
whereCg"'=Cgg +Cs. where 75=1.653s and 1.549s for B=B; and BY [24],

For theB— PP decay modes considered here, the decayegpeciively,pg is the four-momentum of th& meson and
amplitudes as given in Reff8] will be used without further Mg=5.279 GeV is the mass dB, or By meson. In the
discqssion about details. We focus on estimating the neW,merical calculations we use theusame input parameétes
physics effects on those seven well measured decay modgfgsses, gauge couplings, decay constants, form factois, etc.
In the NDR scheme and for SU(8) the effective Wilson  5q in Ref. [14]. Particularly, the elements of Cabibbo-
coefficients can be written 48] Kobayashi-Maskaw#CKM) matrix in the Wolfenstein pa-
rametrization areA=0.81, A=0.2205, p=0.12, »=0.34,
which corresponds toy=71° and sin3=0.79 favored by
the global fit and the new measuremefs].

For the seven well measur&l— PP decay modes, cur-

as Aew rently available measurements as reported by the CLEO, Ba-
XCjt+ 5 A(C+Cpt+Co)+ EBi’Cm (5)  Bar, and Belle Collaborationg3—5] and their averages are
listed in Table I. The data have been changed greatly when
, , compared with those in the year 2000:
where A/=(0,0-1,3- 1;310’0'0*05' B{=(0,0,0,0,0,0, (i) For ratio B(B— =" =), the new BaBar result is
1,0,1,0f, and the matrices, and y, contain the process (4.1+1.0+0.7)x10°° instead of the old (9:32%"}
independent contributions from the vertex diagrd®d4]. x10°%. The average therefore decreased to O®)
The functionsC;, C,, and C, describe the contributions x107°.
arising from the penguin diagrams of the current-current (i) The BaBar measurement &3(B—K°#°) is only
Q1,2, the QCD operatorQ3;-Qg, and the tree-level diagram ~8x 10 6. The average therefore becomes much smaller
of the magnetic dipole operat@gc, respectively. The ex- than two years ago.
plicit expressions of the function§;, C,, andCy can be (iii ) For the ratioB(B—K°%"), both the BaBar and Belle
found for example in Ref.14]. results are much smaller than CLEO’s measurement; the av-

In the generalized factorization approach, the effectiveerage is only (56:10)x 10 ¢ and clearly smaller than the
Wilson coefficients(:ieff will appear in the decay amplitudes branching ratio oB—K™* 7’ decay.

as

eff__
Ci iy

1+

. m
ry+ y{,log;b”

1]

in the combinations, In the SM and GF approach, the dedy> 7w+ 7~ is very
simple and receives contributions from the dominated tree
ceff diagram, the QCD, and electroweak penguin diagrams, and
aZiflEcgif[le % depend on one form facthrg”(O) only, as can be seen from
Ne the decay amplitudgs],
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_ G FEX(0)=0.29+0.04 (12)
MBY =7t )= —i —=f FB7(m2)(m2—m?) °
V2 for FB7(0)=0.24+ 0.03.
In the GF approach, the QCD-penguin-dominatBd
Kn' d depend on the form factoF§"(0) and
X4 VgV a1 — VeV ag+agg —; 7 ecays depend on the form acoi?%3 (0) an
Fo7 (0),
m? }
+2(ag+a il _ 8 ) . | sinfg cosé
(as 8)(mb—mu)(mu+md) ] ) FB7'(0)=FE™(0) WJFW =0.10+0.02, (12

The new physics contribution to this decay in the model Ill is B _

only 2.5% and thus can be neglected. In the SM, there is nfr Fo (0)=0.24£0.03, p=—9.1°, and fg=—22.2° in
other contribution to this decay mode and therefore it seemi€ two-angle mixing schen(@9]. .

FSW(O)_ Fory~71° as indicated by the global fit, the inter- branching ratios c_)f seven studied decay modes. We use the
ference between the tree and penguin diagrams is construfe'™m factors as given in Eq$10)—(12), and keep all other
tive, and the measured branching ratio of this decay leads hPUt parameters the same as those used in [Réf. The

a smaIIFg”(O), branching rgtios collectgd in Table Il are the averages of the
correspondind® and antiB meson decay rates. The rats
FSW(O):O_ZE 0.03, (9) Qescr@bes the new physics correction on the decay rates and
is defined as
which is clearly smaller than the values from lattice-QCD or m SM
light-cone QCD sum rulesF37(0)=0.30+0.04, or 0.28 SB(BXY)= DB XY T ZBEZXYTE g
+0.05 as given in Ref.26] and Ref[27], respectively. For B(B—XY)SM

FS’T(O)=O.3 andy=71°, however, the SM prediction for _ )

the branching ratio is (7.5-10.%)10 ° for N¢'=2— in FrBom Table | and Table II, we find thata) Ey using

the GF approach and aboud0~ in the BBNS approach Fo' (0)=0.24+0.03, our predictions fol3(B—a" ") in

[28], which is clearly too large to be consistent with the data.P0th the SM and model Il are in agreement with the data.
We thus believe that the form fact&57(0) should be ap- (P) For B—Km decays, the SM predictions seem smaller
parently smaller than 0.3. than the measurements. The results under the BBNS ap-

On the other hand, the QCD-penguin-dominated ~Proach are similaf22]. For theB— K°#° decay, specifically,
K~ #* andK%7* decays also depend on the form factor the SM prediction is about half of the measured decay rate,
FS”(O), as can beseen from the decay amplitudes as given"’mj the new _phy5|cs enhanceme_nt IS es_sentlal for the theo-
in Ref. [8]. But one should be very careful to extract the retical prediction to become consistent with the déthBy

B ftaking into account the uncertainties of those input param-

form factorF;7(0) from these two decay modes because o . ST ) .
; . eters as given explicitly in Ref.14], we find numerically
(a) the neglected rescattering and other nonfactorized contrk-h at
butions to these two decays may be large, éndthe new
physics contributions in the model IIl are also large50% B(B—K*75')~B(B—K°y')
with respect to the SM predictions. In the GF approach, the
measured branching ratios of these two decays prefer a larger (10-40)x10°® in SM
Bm . gBw — i i HNTH — '

Fo7(0): F3™(0)=0.30+0.03 if the new physics contribu {(17_ 57)x10°% in Model Ill, (14

tions to these two decay modes are not included. But,

where the uncertainties of those input parameters have been
considered. It is easy to see that the SM predictions in the GF
approach is about half of the measured value. In the BBNS
pproach, the theoretical predictions for the corresponding
ranching ratios are also much smaller than the experimental
ata[22]. The new physics enhancement can boost the the-

F§7(0)=0.24+0.03 (10)

if the measured branching ratios &— =" 7, K 7",
K%7* decays and the new physics enhancements are
taken into account. Although the central value of the formd

factor in Eq.(10) is still smaller thafF?”(,OFO,-??i 0.058s  gretical predictions close to the lower part of the measured
given in Refs[26,27, they are compatible Wgh'” errors. Inyajyes, but still leaves a moderate space for additional con-
the numerical calculations, we will us&;"(0)=0.24  yiputions.
+0.03. Since 1997, the unexpected largé production has been
Furthermore, the form factdfg"(0) cannot deviate too widely discussed in the literatuf@0—15,20—22,2B For the
much from FE"T(O), otherwise the SU(3) flavor symmetry sake of completeness, we make a brief comment here on
will be broken badly. As indicated by the data and theoreticakome typical interpretations in the framework of the SM.
considerations, it is a good approximation to take Atwood and Soni10] gave arguments for the need of
FEX(0)/FE™(0)=f,/f, as a measure of SU(3) symmetry enhancedb—sg* decays followed byg*— 7'g via the
breaking. We then find that QCD gluon anomaly. Taking a constagy»’ vertex form
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TABLE II. Branching ratiog(in units of 10 °) of sevenB— PP decay modes in the SM and Model I1l by
using FS”(O)=O.21 (the first entrieg 0.24 (the second entrig¢s0.27 (the third entries and assuming
NEff=2—w, #=0°, andM,+=200 GeV. The last column lists the world average data.

SM Model IlI 6B [%] Data
Decay mode 2 3 % 2 3 % NEff=3
B—wta™ 3.66 4.16 5.24 3.75 4.26 5.37 2.5 40.9
4.78 5.43 6.85 4.90 5.56 7.01 2.5
6.05 6.87 8.66 6.20 7.04 8.87 2.5
BT —K*#0 4.93 5.53 6.85 7.12 8.01 9.98 44.9 1217
6.44 7.22 8.95 9.29 10.5 13.0 44.9
8.15 9.14 11.3 11.8 13.2 16.5 44.9
B—K*7~ 7.18 7.96 9.66 10.8 12.0 14.7 51.3 17.8.3
9.37 10.4 12.6 14.1 15.7 19.2 51.3
11.9 13.2 16.0 17.9 19.9 24.3 51.3
Bt —Ko7* 8.12 9.46 12.5 12.1 14.1 18.4 48.9 17.2.6
10.6 12.4 16.3 15.9 18.4 24.1 48.9
13.4 15.6 20.6 20.1 23.3 30.5 48.9
B?— K070 2.90 3.32 4.25 4.56 5.21 6.66 56.9 192.7
3.80 4.34 5.56 5.96 6.80 8.69 56.9
4.81 5.49 7.03 7.54 8.61 11.0 56.9
BY*—K"y' 9.69 12.2 18.2 16.3 20.1 29.0 64.7 73
12.7 16.0 23.8 21.3 26.3 37.9 64.7
16.0 20.2 30.5 27.0 33.3 47.9 64.7
BO—K%%' 9.33 12.0 18.3 15.6 19.5 30.0 62.8 560
12.2 15.6 23.9 20.4 255 37.4 62.8
15.4 19.8 30.2 25.8 32.2 47.3 62.8

factor H(0,0mi,), the observed large branching rat® PQCD, and found that_ the branching ratios%Kn’ are
—'Xs can be achieved. But as pointed out by Hou andeally enhanced and in agreement with the data. But, as

Tseng[10] and Kagan and Petrdid5], if one considers the pointed out .in Ref[22], Fhe consistency of Yang’s. perturbq—
running of g, and themf],/(qZ—mfI,) dependence of the tive calculation is questionable due to the end point behavior.

, i h | 4ol will b duced From the above discussions, one can understand that it is
ggntl coupling, the result presented ifi0] will be reduce still an open question for us to interpret the large branching
greatly.

. e ) ratios ofB—K#' decays. Further investigations for various

Ha-\lpe-rln and Zhltnltsky[ls] argued that thg dominant possible mechanisms are welcome.
contribution to" production is due to the Cabibbo favored = fyrthermore, because of the isospin symmetry between
b—(cc),s process followed by the transitiorc€),— »’,  theu andd quarks, the decayB—K* »’ andK®%’ should
i.e., the “intrinsic charm” component of;’. But according theoretically have similar branching ratios. The known new
to the explicit calculations in Refd8,9], this mechanism mechanisms in the SM or the new physics models also con-
cannot give a good explanation for the measuBed K ' tribute to these two decay modes in very a similar way. The
decay rates. measurements of the BaBar and Belle Collaborations, how-

Yuan and Cha¢11] argued that the inclusive’ produc-  €ver, show a clear difference betweep these two decay rates.
tion in B decays may dominantly come from the Cabibbo'We do not know how to interpret this difference. One may
tavoredb—s () gs process wherec pair is in a color-octet need something new to resolve this problem if it is confirmed

) . . -.. by the forthcoming data.
configuration, and followed by the nonperturbative transition yln short. we regxamined the branching fractions of seven

(cc)g—n'X. well measuredB— PP decay modes in the SM and model
The authors of Ref.12] proposed di-gluon fusion mecha- |||, and compared the theoretical predictions with the new
nism. It seems that this mechanism could enhantero-  data. Within the considered parameter space we found
duction. But because of our ignorance about the form factothat: (a) the measurements of the branching ratios for
of g*g* »' vertex, there are large uncertainties in calcula-B— 77—, K~ 7", andK°# " lead to a strong constraint on
tion. . _the form factorF5™(0): F§™(0)=0.24+0.03 and(b) the
Recently, M.Z. Yang and Y.D. Yang reconsidered the di-pey physics enhancements to the penguin-dominded
gluon mechanism and gave a calculationBor )P inthe K andK»' decays are significant in size;(40-65)%
BBNS approach. They computed the vertgkg*#’ in  with respect to the SM predictions, and play an important
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