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LEARNING v FROM B — Km DECAYS !

Michael Gronau 2 and Jonathan L. Rosner 3

Current information on y = Arg(V,};) from other CKM constraints is still in need of improvement,

with 39° < v < 80° at 95% c.l. [1]. Direct probes of 7y can tighten these bounds, possibly indicating
new physics effects in case that an inconsistency with this range is observed. In order to study
v directly in charmless two-body B decays, which involve a b to u transition, one must generally
separate strong and weak phases from one another. We describe several cases of B — K« decays
in which progress in this work has been accomplished, and what improvements lie ahead. Some
additional details are noted in earlier reviews [2, 3, 4] and in Refs. [5] and [6].

A great deal of information can be obtained from B — K= decay rates averaged over CP,
supplemented with measurements of direct CP asymmetries. One probes in this manner tree-
penguin interference in various processes. The data which are used in these analyses are summarized
in Table 1 [7]. The Bt to B° lifetime ratio is taken to be 7. /79 = 1.078 + 0.013, based on
T4+ = 1.653 +0.014 ps and 79 = 1.534 £ 0.013 ps [8]. Table 1 also contains contributions to the
four B — K= decay processes of penguin (P'), electroweak penguin (Phy ), tree (T") and color-
suppressed tree (C') amplitudes. These contributions are hierarchical and can be classified using
flavor symmetries [9, 10, 11, 12]. Smaller contributions, from color-suppressed electroweak penguin
amplitudes, annihilation and exchange amplitudes, are not shown in Table 1. All four B — K«
decays are dominated by penguin amplitudes, which are related to each other by isospin. Tree
amplitudes 7" + C' and electroweak penguin amplitudes Pfyy are subdominant and can be related
to each other by flavor SU(3) [13]. SU(3) breaking in tree amplitudes is introduced assuming
factorization.

Table 1. Branching ratios and CP asymmetries for B — Kr decays [7].

Decay mode Amplitude B (units of 1079) Acp

Bt — KOnt P’ 21.78 + 1.40 0.016 + 0.057
Bt -5 K+tn' —(P'+Phw +T'+C")/vV2 1253 £1.04 0.00 + 0.12
B — Ktn— —(P'+ 1) 18.16 £0.79  —0.095 + 0.029
BY — K070 (P' — Phw — C")/V2 11.68 £ 1.42 0.03 £ 0.37

Several comparisons between pairs of processes can be made:

e B 5 Ktr (P'+T') vs. Bt = K%t (P') [5, 14, 15, 16];
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e BT » K+7% (P' + Py + T' + C") vs. BT — K%+ (P') [5, 13, 17, 18];

e BY — K79 vs. other modes [5, 19, 20, 21, 22, 23].

We give the example of B® — K*7~ in detail. The tree amplitude for this process is 7" ~ Vy,, V.*

ub?

with weak phase v, while the penguin amplitude is P’ ~ Vi,V}; with weak phase 7. We denote the
penguin-tree relative strong phase by § and define r = |T”/P’|. Then we may write

ABY - Kt = |P/|[1 — ref0F)] | (1)
AB’ - K oty = |P|[1 — re71Ho)] | (2)
ABt - Ko7t) = AB- 5 K'n) = —|P]. (3)

In the last two amplitudes we neglect small annihilation contributions with weak phase 7, assuming
that rescattering effects are not largely enhanced. A test for this assumption is the absence of a
CP asymmetry in Bt — K71, and a U-spin relation between this process and BT — KK+
[24], in which a corresponding amplitude with weak phase v is expected to be much larger. One
also neglects small color-suppressed electroweak contributions, for which experimental tests were
proposed in [25].

One now forms the ratio

_T(B" = K+r~)+T(B° —» K—rt)
oT(B+ — Kor+)
=1—2rcosycosd + 72 . (4)

Fleischer and Mannel [14] pointed out that R > sin?+y for any 7,6 so if 1 > R one can get a useful
bound. Moreover, if one uses

RAcp(Kt7m) = —2rsin-ysiné (5)

as well and eliminates § one can get a more powerful constraint, illustrated in Fig. 1.

We have used R = 0.898 £0.071 and Acp = —0.095 £ 0.029 based on recent averages [7] of CLEO,
BaBar, and Belle data, and r = |T'/P'| = 0.14273%23. In order to estimate the tree amplitude
and the ratio of amplitudes r, we have used factorization in B® — 7 £t at low ¢? [26] and
T _ [k |Vu

T = e (1.22)(0.23) = 0.28. One could also use processes in which 7' dominates, such

as B® = 7ntn~ or BT — 7770, but these are contaminated by contributions from P and C,
respectively. The 1o allowed region lies between the curves Acp = 0 and |A¢cp| = 0.124. The most
conservative upper bound on + arises for the smallest value of [Acp| and the largest value of r,
while the most conservative lower bound would correspond to the largest |Acp| and the smallest
r. Currently no such lower bound is obtained at a 1o level. At this level one has R < 1, leading to
an upper bound vy < 80°.

We note that for the current average value of R the 1o upper bound, v < 80°, happens to coincide
with that of Ref. [14]. This bound does not depend much on the value of r, for which we assumed
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Figure 1. Behavior of R for r = 0.166 and Acp = 0 (dashed curves) or |Acp| = 0.124 (solid
curve) as a function of the weak phase y. Horizontal dashed lines denote +1o experimental limits
on R, while dot-dashed lines denote 95% c.l. (+1.960) limits. The short-dashed curve denotes
the Fleischer-Mannel bound sin? y < R. The upper branches of the curves correspond to the case
cosycosd < 0, while the lower branches correspond to cos~ycosd > 0.
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factorization of T' in order to introduce SU(3) breaking. The upper bound on -y varies only slightly,
v < 78° —80°, for a wide range of values r = 0.1 — 0.3. On the other hand, a potential lower bound
on v depends more sensitively on the value of r, and would result if small values of this parameter
could be excluded. For instance, Fig. 1 shows that a value r = 0.166 implies v > 49° at 1g. Thus,
it is crucial to improve our knowledge of r.

The process Bt — K170 also provides constraints on . The deviation of the ratio

I'(Bt - Kt7%) + (B~ —» K~ x")
(Bt — KOrt)

R. = =1.15+0.12 (6)
from 1, when combined with Acp(K*7%) = 0.004+0.12, 7. = |(T' +C")/P'| = 0.195+0.016 and an
estimate of the electroweak penguin amplitude dgw = |Pgy|/|T" 4+ C'| = 0.65 £0.15, leads to a 1o
lower bound ~y > 40°. Details of the method may be found in Refs. [2, 3, 5, 13, 17, 18]; the present
bound represents an update of previously quoted values. The most conservative lower bound on
7y arises for smallest Acp, largest r., and largest |Pj,, |, and is shown in Fig. 2. These values of
e and |Ppy,| would also imply an upper bound, v < 77°, which demonstrates the importance of
improving our knowledge of these two hadronic parameters.

Another ratio 0
I'(B®— K+n ) +T(B° > K =+
R,= LB 2 KA IB = K 7)) 754010 (7)
2[P(B® - K°%) + T(B’ — K ')]

involves the decay B® — K%7°. This ratio should be equal to R, since to leading order in 7"/ P,

C'/P', and Pgy, /P’ one has

Y P 4Py +T 1O
Pl

P +T1
P'— Pl - C

‘

; (8)

but the two ratios differ by 2.40. Possibilities for explaining this apparent discrepancy (see, e.g.,
Refs. [5, 27]) include (1) new physics, e.g., in the EWP amplitude, and (2) an underestimate of the 7%
detection efficiency in all experiments, leading to an overestimate of any branching ratio involving a
70, The latter possibility can be taken into account by considering the ratio (Rch)l/ 2 =0.96+0.08,
in which the 70 efficiency cancels. As shown in Fig. 3, this ratio leads only to the conservative
bound vy < 88°. A future discrepancy between R, and R,, at a statistically significant level implying
new physics effects would clearly raise questions about the validity of constraints on -y obtained
from these quantities.

Recently a time-dependent asymmetry measurement in B%(t) — Kgn® was reported [28]
Sex = 0487938 +0.11,  Crx =0.4075327 £ 0.10 (9)

where S,k and —Cr i are coefficients of sin Amt and cos Amt terms in the asymmetry. In the limit
of a pure penguin amplitude, A(B® — K°r%) = (P'—PLw)/V/2, one expects Sy x = sin243, Crxc = 0.
The color-suppressed amplitude, C’, contributing to this process involves a weak phase . Its
effect was studied recently [6] by relating these two amplitudes within flavor SU(3) symmetry to
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Figure 2. Behavior of R, for r. = 0.21 (1o upper limit) and Acp(K+7°) = 0 (dashed curves)
or |[Acp(K*7n0)| = 0.125 (solid curve) as a function of the weak phase ~y. Horizontal dashed lines
denote 1o experimental limits on R, while dotdashed lines denote 95% c.l. (£1.960) limits. We
have taken dgw = 0.80 (its 1o upper limit), which leads to the most conservative bound on +.
Upper branches of curves correspond to cosd.(cosy — dgw) < 0, while lower branches correspond
to cosd.(cosy — dpw) > 0. Here §, is a strong phase.
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Figure 3. Behavior of (R.R,)Y/? for r. = 0.18 (lo lower limit) and Acp(K*+n°) = 0 (dashed
curves) or |Acp(K+n°)| = 0.125 (solid curve) as a function of the weak phase y. Horizontal dashed
lines denote +10 experimental limits on (R.R,)'/?, while dotdashed lines denote 95% c.l. (£1.960)
limits. Upper branches of curves correspond to cosd.(cosy — dgw) < 0, while lower branches
correspond to cosd.(cosy — dgw) > 0. Here we have taken dgw = 0.50 (its 1o lower limit), which
leads to the most conservative bound on .
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corresponding amplitudes in BY — 7970, Correlated deviations from S;x = sin23,Crx = 0, at a

level of 0.1 — 0.2 in the two asymmetries, were calculated and were shown to be sensitive to values
of v in the currently allowed range. Observing such deviations and probing the value of v requires
reducing errors in the two asymmetries by about an order of magnitude.

To summarize, promising bounds on 7 stemming from various B — K= decays have been men-
tioned. So far all are statistics-limited. At 1o we have found

e R(Ktn™ vs. K7t) gives v < 80°;
o R, (K*t7% vs. KO71) gives v > 40°;

e R, (Ktn~ vs. K°70) should equal R.; (R.R,)'/? gives v < 88°.

The future of most such 7 determinations remains for now in experimentalists’ hands, as one can
see from the Figures. We have noted (see, e.g., [15]) that measurements of rate ratios in B — K
can ultimately pinpoint v to within about 10°. The required accuracies in R, R,, and R,, to achieve
this goal can be estimated from the Figures. For example, knowing (R.R;,)"/? to within 0.05 would
pin down < to within 10° if this ratio lies in the most sensitive range of Fig. 3. A significant
discrepancy between the values of R, and R,, would be evidence for new physics.

It is difficult to extrapolate the usefulness of R, R., and R,, measurements to very high luminosities
without knowing ultimate limitations associated with systematic errors. The averages in Table 1
are based on individual measurements in which the statistical errors exceed the systematic ones by
at most a factor of about 2 (in the case of B® — K%70) [7]. For BT — K*x0 the statistical and
systematic errors are nearly equal. Thus, the clearest path to improvements in these measurements
is associated with the next factor of roughly 4 increase in the total data sample. Thereafter,
reductions in systematic errors must accompany increased statistics in order for these methods to
yield improved accuracies in +.

In our study we used the most pessimistic values of the parameters r, r. and dgw leading to the
weakest bounds on . The theoretical uncertainties in these parameters can be further reduced,
and the assumption of negligible rescattering can be tested. This progress will rely on improving
branchng ratio measurements for B — Km, B — mr and B® — 7 £Ty,, on an observation of
penguin-dominated B — KK decays, and on various tests of factorization which imply relations
between CP-violating rate differences [29, 30].

A complementary approach to the flavor-SU(3) method is the QCD factorization formalism of
Refs. [21, 22, 23]. It predicts small strong phases (as found in our analysis) and deals directly with
flavor-SU(3) breaking; however, it involves some unknown form factors and meson wave functions
and appears to underestimate the magnitude of B — V P penguin amplitudes. Combining the two
approaches seems to be the right way to proceed.

This work was supported in part by the United States Department of Energy through Grant No.
DE FG02 90ER40560.
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