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Exploring CP violation with B. decays
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We point out that the pure “tree” decay®, —D; D are particularly well suited to extract the Cabibbo-
Kobayashi-Maskawa anghethrough amplitude relations. In contrast with conceptually similar strategies using
B*—K*D or B4—K*°D decays, the advantage of tBe approach is that the corresponding triangles have
three sides of comparable length and do not involve small amplitudes. Decays of thB_typ® D, the
U-spin counterparts (BfﬂDstD, can be added to the analysis, as well as channels, WhefegthmdDi
mesons are replaced by higher resonances.

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

CP violation is one of the least understood aspects obf the neutralD-meson system is employed, allowing the
particle physicg1,2]. The standard model provides a simple derivation of amplitude triangle relations. Unfortunately, the
description of this phenomenon through the complexcorresponding triangles in the complex plane, which are
Cabibbo-Kobayashi-MaskawéCKM) matrix [3], which is  fixed through the magnitudes of ti&" —K*D decay am-
consistent with present particle physics experiments. Howplitudes, turned out to be highly stretched, and are, from an
ever, the baryon asymmetry of the Universe clearly requiregxperimental point of view, not very useful to determipe
additional sources foEP violation [4]; thereforeCP viola-  Further difficulties were pointed out in RdflL1]. As an al-
tion might be the road to new physics. ternative, the decay®y— K*°D were proposefil2] because

Decays ofB mesons provide a rich ground for investigat- the triangles are more equilateral. But all sides are small
ing CP violation [5,6]. They allow both for stringent tests of because of various suppression mechanisms. In another pa-
the standard model, and for studies of new sources for thiper, the triangle approach to extragtvas also extended to
effect. Consequently, the literature in this field grows daily.the B, system by Masetti13].

Within the standard modeCP violation is often character- Another road towards the extraction ¢f which will not
ized by the so-called unitarity triang[&] and the measure- be touched here, is provided by &) relations betweeiB
ments of its three angles, B, andy. Many years ago, Bigi, — wK, 7w decay amplitudegl4]. Although this approach is
Carter, and Sanda showed that these angles could be det@pt theoretically clean, in contrast to tle—KD strategies
mined through “mixing-induced”CP asymmetries, which using pure “tree” decays, it is more promising from an ex-
arise in decays of neutr@ mesong8]. The most prominent perimental point of view. In the context of thB— 7K
decay isBy—J/¢/Kg, where the anglg3 can be obtained modes, it was pointed out that nontrivial boundsoould
with essentially no theoretical uncertainty. Similarly, the pbe obtained[15]. Also here, it was noted later that other
angle « could be determined fronBq— =" 7. Unfortu-  decays than the original ones may provide more powerful
nately, it was found later that this determination is not theo-bounds ony[16]. Many recent papers review and extend the
retically clean because of penguin contributions, leading taituation[17].

considerable hadronic uncertainties. These could be over- A comment on the implications of these different methods
come by measuring alB— 77 decays, in particulaBy might be in order. As thd— KD triangle approaches rely
— 970 [9]. However, this mode is extremely difficult, if not on pure “tree” decays, i.e., do not involve any flavor-
impossible, to measure. The situation of the angkeemed changing neutral-currenfFCNC) processes, it is expected
even worse. that they are not affected significantly by new phydics-

Since then, interesting new methods to extract this anglgss it affectsD?-D° mixing) and probe indeed the angje
with few theoretical uncertainties were devised. For instanceas defined in the standard model. On the other handBthe
it was shown thaty could be determined through the mea- _. 7K methods are strongly sensitive to penguin, i.e., loop
surement of sB~ —K=D decay rate§10]. To this end, the  diagramg18]. Since these can be influenced by new physics,
CP eigenstate the thus determined value of may be different from the

standard model expectation. Consequently, a comparison of
1 the values ofy obtained from pure “tree” decays and
|ID%)=—(|D%+|D°)) (1)  penguin-dominated modes would be a good way to search
V2 for new physics. Moreover, the values fgrcould be com-
pared with the usual fits of the unitarity triandl€9].
With the advent of hadronib facilities, it becomes pos-
*Email address: Robert.Fleischer@desy.de sible to produce botlBg and B, mesons in large numbers.
TEmail address: wyler@physik.unizh.ch One might therefore ask to what extent these particles are
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A(Br = DF D% VZA(BS = D; DY)
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A(BF — D¥DP) = A(B: — D; D)
FIG. 1. Feynman diagrams contributing to the deday . . —
—.D{DC. FIG. 3. The extraction ofy from B; —D2{D° D% D%} decays.

interesting for testing the standard model and, in particulartig. 1 involve aCP-violating weak phaséy) in the Wolfen-
for studies ofCP violation. In the case oB decays, there Stein parametrization of the CKM matri24], we obtain
are already promising strategigz0]. Despite the early stud-
ies[13] of CP violation in nonleptonid,; decays and other
more recent worf21-23, no particular attention to thB, . ‘0 i _ =%
system has emerged so far. A(B; —»DsD")=€“7A(B, =D D"). ®)
In this paper, we show th&; mesons could indeed play
an important role for the exploration &P violation. In par-
ticular, the B, counterpart of theB*—K=*D triangle ap-
grz&cha%cigo;ed_rﬁ O]Cg?:lelgpgi(;/iv%gsu';ii;gsexg:gg;he trated in Fig. 3.. S'ince Eq$4}) and(5) are exact in the ;tan-
0= ~0 . c 0. c dard model, this is theoretically clean. The method is com-
—Dg{D",D",D%}, where theCP eigenstatd; introduced  pjetely analogous to thB* —K=D strategy[10]. However,
ip Eqg. (1) allows us to write the following amplitude rela- 55 we have already noted, the advantage oBhdecays is
tions: that all sides of the triangles in Fig. 3 are expected to be of
comparable length:

A(B{—DJD%=A(B; —D, DY), @)

Whereas Eq(4) allows us to fix the relative orientation of
the two triangles described by the amplitude relati@sand
(3), (5) allows us to determine the CKM angte as is illus-

VIA(BI —DID%)=A(B; —~D!D%+A(B; —~D; D9,

2 A —~D{D%| |AB; ~D;D%| |Ry(T.+Co
_ + +R0y| - - | = %
VIA(B; —~D;D%)=A(B; —D; D%+A(B; —D_ DO). A(B{—D;D°)| |AB; ~D;D)| | Z.+A, |
3
® - 0(1). 6)

The quark diagrams for these decays are shown in Figs.

and 2, where our main point can be seen: the amplitude witl o = ~ .
the rather small CKM matrix elemeit,, is not color sup- SuPPressed topologies in Fig. €, and A; describe the

pressed, while the larger elemevit, comes with a color- color-suppressed and annihilation topologies in Fig. 2, and
suppression factor. Therefore, the two amplitudes are similar 1 ( 2)

ere T, and C. denote the color-allowed and color-

Vub

ot . . i . A
in size. In contrast to this favorable situation, in the decaysR,=—| 1— — v
ch

5 =0.41+0.07, with A=|V,{=0.22.
B*—K*{D%D°D?}, the matrix elemenV,,, comes with
. - %
the color suppression factor, resulting in a very stretched

triangle, while in the decayBy—K*°{D°, D%, D%}, allam-  |n contrast, the corresponding ratio B8 —K =D [10] is
plitudes are color suppressed.

Taking into account thaB; —DJD° and B, —D_D° A(B*—>K+D°)‘ A(B*—>K*ﬁ)‘ Ry(Cy+A,)
receive only contributions from tree-diagram-like topologies " Fi~oN - o
because of the particular flavor structure of the underlying A(B"—K"D )‘ A(B"—K™D )‘ Tu+Cy ‘
quark-decay processes, and that onlytheu transitions in =0(0.2), (®)

resulting in the unfortunate situation, where the sides of the
amplitude triangles involving are strongly suppressed with
respect to the remaining ones. A similar situation arises in
the decaysB; —D*{D°D°DY}, obtained from theB;
—DZ{D%D%DY} channels by interchanging all down and
strange quark$U spin). These modes satisfy the amplitude
relations

FIG. 2. Feynman diagrams contributing to the deddy V2A(B; —»D*D%)=A(B; =D *D%+A(B; -D*DY),
—D/ DO 9)
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\/QA(BC_—>D‘D3)=A(BgeD‘§)+A(B§—>D‘D°), —D*D? plays an important role to increase the statistics for
(100  the measurement of the basis of the triangles shown in Fig. 3
with the help of Eq(15). Needless to note, similar strategies

as well as are provided, if theD g mesons are replaced 1y}, me-
N e _ ~ 0 sons or higher resonances, which may have advantages for
A(B; —D"D")=A(B, —D D7), certain detector configuratiohng5].
) _ At the CERN Large Hadron CollidgLHC), one expects
A(B; —D*D%=¢€?’A(B, —D D). (1) a huge number oB. mesons, about 18 untriggeredB,’s

) . . per year of running26]. The branching ratios for the color-
Because of CKM factors different from &g —~ D D case,  suppressed, decays were already estimated in the litera-
we obtain ture, however, with conflicting resulig2,23. The following
values seem reasonable:

A(B{—D'D")| |A(B;—D DY) RyTi+Cl)
— p— :)\ Y . _
A(B!—D*D%| |A(B;—D DO CLHAL | B(B; —~D¢D%~10"°-10"° (16)
=0(0.9), (12 B(Bf ~D;D%~10"5, (17)

and arrive at triangles of the same shape as in Bhe

—K*D approach. The decayd,—K*°D [12], whose am-  The first numbers for the color-suppressed modes correspond
plitudes are all color suppressed and proportional¥®,),  to the range given 123,22, while the second one for the
obviously have no analogue in tiB system. color-allowed channels is an estimate based on the results for

As was pointed out ifi11], the small amplitude rati¢8) decays with a similar dynamics given in these papers. It is
leads to another experimental problem: if th8 meson of ~S€en that the rates are indeed comparable. Moreover, we ex-
the suppressed deca"—K* D is tagged through the Pect
Cabibbo-favored modB®— K™, there are large interfer- o
ence effects ofO(1) with the color-allowed modeB* B(B; —=D*D%~10 4-105, (18)

— KDY —7"K™], where the decay of thB’-meson is

d%ubly Cabibbo-suppressed; indeed, all hadronic tags of thgowing the measurement of E4L6) with the help of Eq.
D" are affe_cted in a similar way. In order to overcome thesqls)_ The predictions for the color-suppresseB;”

problems, it was proposed [11] to use the decay chains —.D**DP andB; —D* *D° modes in[22] and[23] are in

B+HK+D°[Hfi], B+HK+D°[Hfi], (13) better agreement:

where f; denotes doubly Cabibbo-suppressé@abibbo- B(Bl —D!"D%=4x1075,

favored non-CP modes of theD%(D?), for instance,f;

="K~ or 77K ™. If two different final statesf; are

considered;y can be extracted. Advantages and problems of

this approach are discussed in R w0 _ _
Because of Eq(12), it is obvious that theBci—>DiD for the decayB. — D7 "'D", we expect a branching ratio at

strategy is affected by similar interference problems, i.e., wdhe 10° level. .

the decay chains B ~D*D{—=*K"] and B  courseon the experimental situation and the relevant branch-
ing ratios. If we assume those of the filtamesons to be 5%
and an overall efficiency of 10%, we arrive at around 20
events per year at LHC. This crude estimate indicates that
the B, system may well contribute to our understanding of

B(Bf —=D**D%=7x10"5; (19)

—D*DY—a*K]. In order to extracty, we could employ
the same idea as ifil1]. However, in the case of thB,
system, an alternative is provided by the followibigspin

relations: c >
CP violation.
A(BI —=D*D%=—\(1-\%2)A(BI —D!D%, (14 In this Brief Report, we have shown that decaysBof
¢ ¢ s ' mesons appear to be ideally suited for determining the angle
A(BJHD*F)Z(1—)\2/2)/7\A(BC+—>DS+F). (15) v from triangle relations. The well known disadvantages of

this approach arising iB, and By decays, namely small

Since the decay amplitudes on the right-hand sides of thegdPlitudes, are absent. Provided there are no serious experi-
equations are of the same order of magnitude, as we ha\lrgental problems related to the analysis of the corresponding

seen in Eg.(6), the interference effects due t9°,D° Bﬁ ds?gsysrbthr';’rﬁzargﬁﬁ?esﬁgglgnbﬁglﬁ;ggtereStmg foEing
— K™ are practically unimportant in their measurementP " brog '

and in the associatel; — D2 {D°D% DY} strategy to de- D.W. thanks DESY for its hospitality. We thank U. Strau-
terminey. Consequently, this is the preferrBd approach to  mann and G. Wilkinson for useful discussions, and M. Lusi-
extract y. Nevertheless, the Cabibbo-enhanced deBdy gnoli and Z.-Z. Xing for bringing Ref[13] to our attention.
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