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We update a discussion of the relation between the weak phase v and
the rates and CP asymmetries of several Km decays of BT, B° and
B,. We emphasize the impact of measurements of By, — Kw. Cur-
rent data indicate large SU(3) breaking in the strong phases or failure
of factorization (including its application to penguin amplitudes) in K
modes of B® and B,. SU(3) and factorization only remain approximately
valid if the branching ratio for B, — K~ 7" exceeds its current value of
(5.00 4 1.25) x 1075 by at least 50%, or if a parameter ¢ describing ratios
of form factors and decay constants is shifted from its nominal value by
more than twice its estimated error.

PACS codes: 12.15.Hh, 12.15.Ji, 13.25.Hw, 14.40.Nd

Several methods have been proposed to measure the Cabibbo-Kobayashi-Maskawa
(CKM) phase v from B meson decays into DK final states [1], 2, B3] and in charmless
strange final states using flavor SU(3) symmetry [4], B, 6, [7, 8]. Ref. [9] proposed
using Bt — K%+, BY — K*n~, and B, — K7, the last two related by the
U-spin symmetry d < s, to obtain 7. (A recent analysis employing this method is
described in Ref. [10].) Ignoring O(\?) terms in the B — K%r* decay amplitude
where A = 0.2257 [12, [13], v is obtained from the ratios of decay widths.

The decay width of the B, — K~ 7t mode has recently been measured [14]. In this
paper, we include the newly observed decay width along with direct CP asymmetries
in B - K*7~ and B, — K~ 7" to solve for 7, the strong phases, and the ratio
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3Ref. [I1] illustrates the effect of a O(\?) term from the penguin amplitude, but a color-suppressed
penguin amplitude of the same order is not included.

Submitted to Physics Letters B

Work supported in part by US Department of Energy contract DE-AC02-76SF00515


http://arXiv.org/abs/0803.3229

between tree and penguin amplitudes. We find in general a two-fold ambiguity in the
solutions for weak and strong phases. Moreover, we find a large SU(3)-breaking effect
either between the strong phases or between the magnitudes of strangeness-conserving
and strangeness-changing amplitudes, given the present experimental situation [14].

We review the method proposed in Ref. [9]. Employing U-spin symmetry, the
decay amplitudes of the relevant modes are

ABT - K°z%) = P, (1)

AB® - Kt717) = Tt 4 p | (2)
1 . ~

EAB, » K~ %) = KTeZ“SW —\P, (3)

where the explicit t-quark dependence is removed using CKM unitarity. Here T and
P denote “tree” and “penguin” amplitudes, proportional to the CKM factors V%V,
and V*V,,, respectively. The parameter A = |V,,,/Via| =~ 0.2317 using A = 0.2257 [13]
and V4 = v1 — A2. We also include an overall SU(3)-breaking factor

[ Fpor(mic) mio —m3
feFpx(m3) my, —mi

§ (4)

according to the factorization assumption for the amphtudes@ Its value is 0.9770%)
[13}, [15], corresponding to almost exact SU(3 E This should be compared with global
fits done within flavor SU(3) [16],[17], which assomated the breaking factor fx/fr ~ 1.2
with tree-type amplitudes only. In that case, the predicted branching ratios of the
Bs — K~7nt and K™K~ modes [I7] agreed with the later experimental measurements.
The relative strong phases between T"and P are denoted by d4 and 4, for B — K+n~
and B, — K~m, respectively. For consistency, terms of O(A\?) have been ignored
in these amplitudes. Since interactions directly involving the spectator quark are
expected to be dynamically suppressed, we also ignore their contributions.
Consider the charge-averaged ratios [9)]

 I'B"—= Kt )+T(B — K1)
R, = —5 , (5)
I'(B* - Kont)+I'(B~- — K 77)
_ (B —» K~ n%) + T'(B, —>K+7T_) (6)
T I(Bt — Kot 4+ T(B- - K'r)

and the CP-violating rate pseudo-asymmetries:

I'B"— K rnt)—-TI'(B"— K*n~

Ag = (B~ 07r) (B - Km) RgAcp(B® — K*n™) (7)
I'(B- — K n~) +T(Bt — Kort)
+.—\ -t

A = LB, = Km7) = 0(B, —» K7m?) R, Acp(Bs — K™71%) . (8)
['(B~— K r )+ (Bt — Kor+)

4This includes the assumption that the penguin and tree amplitudes scale in the same way. The
consequence of relaxing this assumption will be explored.

5We have assumed a vector dominance pole model to extrapolate the form factors from the ¢ = 0
point computed in Ref. [I5].



Observable Exp. Value Ref.

B(BT — K'x+) 231+1.0 [I8
BB — K*r~) 194406 [18]
Acp(B® — K*n~)  —0.097+0.012 [I§]
B(B, — K~7) 5004 1.25 [14]
Acp(B, — K—7+) 0.39+0.17 [14]

Table I: Experimental values of observables used in this analysis. Branching ratios are

charge-averaged and in units of 107%. To convert their ratios to those of rates we use
the lifetime ratios [I8] 7(B™)/7(B°%) = 1.07140.009 and 7(B;)/7(B°) = 0.93940.021.

Defining the ratio r = T/ P, we derive

Ry=1+7%42rcosycosdy , 9)
N 2

R, =N+ (%) — 27 cos 7y cos b (10)

Ay =2rsinysindy , (11)

£?A, = —2rsinysind, . (12)

Here we have ignored very small phase space differences. Eqs. (II) and (I2)) imply a
simple relation between the strong phases:

sinéd o Ad o RdACP(BO — KT 71'_)
Sin(ss - §2As B §2R8ACP(BS - K_ﬂ-—i_) '

Numerically, this ratio is 0.96 & 0.54 according to the data in Table [Il

First, we consider the SU(3) limit where d; = ds = 0. In this case, v and J always
appear in the combinations cosy cosd and sinysind in Eqgs. (@), (I0), (II) and (I2]).
This set of equations has the discrete symmetries (i) v <> d and r invariant; (ii)
v —~v+m §d — §+m, and r invariant; (iii) v — v+ 7, r — —r, and § invariant;
and (iv) 6 - 7 — 6, v — ™ — 7, and r invariant. The amplitude ratio r is negative
according to the factorization assumption. In the following analysis, we therefore
consider only solutions with 0 <~ < 90° and r < 0. This still leaves the two-fold
ambiguity (i) mentioned above.

Egs. (@) and (I0) give the absolute value of the ratio between the redefined tree
and penguin amplitudes

(13)

\/L &R (14)

Ir] = A >
14+ A2

Using the experimental inputs listed in Table [l we have R; = 0.899 4 0.048, R, =
0.247 £+ 0.063, Ay = 0.087 £+ 0.012, and Ay, = —0.096 + 0.049. Eq. ([Id)) implies
|r| ~ 0.063 £ 0.036 with the SU(3) breaking factor ¢ included. If £ is set to (1, 1.2),
|r| increases to (0.069 + 0.029, 0.101 £ 0.026). The condition R; < 1 demands
rcos~ycosd < 0 according to Eq. (9.



The B — K*rn~ and B, — K7t rate asymmetries satisfy the relation

(B, — K~1%) — (B, — K*n~) = —é T(B" = K*x™) ~T(Ba— K-=%)] (15)
by U-spin symmetry. We can thus use Acp(B° — K'77) to predict Acp(B, —
K~7") ~0.37 + 0.13. This is consistent with the measured value in Table [Il

As B(BT™ — K%) and B(B" — K*7~) have been determined to about 5%,
their current central values are not likely to vary much in the future. In contrast,
B and Acp of B; — K~ 7t have only been measured by the CDF Collaboration for
the first time. The quoted value of B(Bs — K~ n") [14] depends on a value of the
fragmentation function f,/(f, + f4) = 0.160 + 0.0057551870-957 [19], slightly higher
than the Particle Data Group average [20] fs/(f. + fa) = 0.135 £ 0.015 (see also
Ref. [21].) In the following, we discuss the dependence of solutions on the central
value of B(B; — K~m"). As 0, has been fixed to be the same as J;, we omit
Acp(Bs — K~n™) from the fit and predict its value from the fit parameters. Errors
and other measurements are kept at their current values.

Fig. [l shows the dependence of r on B(B, — K~7"); the x? for the fit to Ry,
R,, and Acp(B® — K*77); and the predicted Acp(B, — K-n"). For B(B, —
K=n%) 2 7.5 x 1079, a solution with strong phases satisfying exact SU(3) can be
obtained, as indicated by the vanishing 2, value. This can be attributed to an
overall SU(3) breaking factor of at least £ ~ 1.2, 2.5 ¢ from the central value 0.97
given by factorization and echoing the observation in Ref. [17] mentioned above. For
B(B;, — K—7t) < 7.5 x 107, one cannot obtain a satisfactory solution if , = d4. In
that case, the value |r| = 0.063 £ 0.036 from Eq. (I4) is too small to account for Ry
and R;. The value of |r| is increased to 0.100 (or larger) if we increase R by a factor
1.5 (or larger). With such values of r one may obtain the central value of R; and a
suitable value of R using Eqgs. (@) and (I0). This is the essence of the need for either
a larger B(Bs; — K~ 7") or a larger £. Indeed, Fleischer [10] obtained a solution with
0s — 0q ~ 10° by increasing R4 and R, by lo.

Current data thus call for SU(3) breaking in amplitudes at the level of 20% or very
different strong phases. As shown in Fig. [ both r and Acp(Bs — K~ 7") decrease
with increasing B(Bs — K~ m"). These conclusions are qualitatively unchanged if we
allow d4 and &5 to differ by < 10° for small SU(3) breaking.

We show the dependence of v and § on B(B; — K~ 7nt) in Fig. 2l Their values
coincide with each other for small values of B(Bs — K~ 7"), and start to split into
three curves when it is greater than 7.5 x 1075. This occurs when 2. becomes
zero for the upper (solid) and lower (dashed) branches. For the dash-dotted branch
in the middle, v and 9 still coincide with each other and continue to decrease with
B(B, — K~7"). The x2,, values along this branch are small but non-vanishing,
corresponding to a “saddle” region in parameter space. The upper and lower branches
can represent either v or 9 due to the v < § symmetry. However, the weak phase
given by the solid curve is more consistent with other analyses. In that case, the
corresponding strong phase is given by the dashed curve. As shown in the plot, v (J)
grows (decreases) monotonically with B(By; — K~ n") above the fork point.
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Figure 1: Behavior of solutions as a function of B(B; — K~ 7"), assuming r < 0
and 64 = 0, = 0. The solid, dashed, and dot-dashed curves represent r, preferred
Acp(Bs — K~m"), and x2,,, respectively. The vertical dotted line indicates the
current central value of B(B; — K~ 7).

We now let dg # 05, permitting a test of the SU(3) symmetry assumption. With
four observables Ry, Ry, Acp(B® — K™n7), and Acp(B, — K~7nt), one can solve
for all four parameters r, v, 04 and ds in the decay amplitudes.

As shown in Fig. Bl there are two sets of possible solutions (left and right) as
a function of B(By — K~ n"). For the solution on the left, even though ~ falls
within the expected range, 4 and o, differ significantly from each other. For the
solution on the right, the strong phases are also quite different and v is too small
when B(B, — K~ 7") < 6.5 x 107%. However, when B(B, — K—n") > 7.5 x 1079,
~v becomes reasonable, d, is between 20° and 30°, and J, approaches 50°. As the
current measurement of the CP asymmetry of B, — K~ 7" has an error over 40%,
we expect it to have a weaker constraint on the parameters, d,. For the current data,
two solutions are found, corresponding to the parameters:

(r,7,0a0,05) = (—0.126,60°,24°,155°) ,
(r,7,04,05) = (—0.123,25°59°,117°) . (16)

In the former, ~ is more consistent with results using other methods (for example,
adding information based on B® — 7wtr~ [22]), and a small strong phase d; as
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Figure 2: Solutions as function of B(B; — K~ n"), for r < 0 and §; = 5 = 0.
The fork point corresponds to B(B, — K~ m") ~ 7.5 x 1075, The solid and dashed
curves represent v and J, respectively, as preferred by other analyses. A saddle point
solution with d; = 64 and small nonzero x? is indicated by the dash-dotted curve.
The vertical dotted line indicates the current central value of B(B; — K~ 7).
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Figure 3: Behavior of solutions as a function of B(B, — K~ 7"), assuming r <
0. There are two sets of solutions (left and right) when §; and Js are treated as
independent parameters. The solid, dashed and dash-dotted curves represent -, d4

and J,, respectively. The vertical dotted line indicates the current central value of
B(Bs — K—7t).



expected in perturbative QCD [23] 24]. However, the strong phase d, in both solutions
is unexpectedly large. The 1o ranges around the former are

— 0141 <r $—0.108, 47° <y <72, (17)

The result for |r| here is larger than that from Eq. (I4) with 64 = 5.

Even though we no longer have the symmetries between the weak and strong
phases mentioned before because of the introduction of an additional strong phase 9,
we still obtain two possible solutions roughly corresponding to v < d4. Within this
set of observables, it is impossible to resolve the two-fold ambiguity without resorting
to some other methods or observables.

For the solutions in Eq. (I6]), ds is very different from d4, contrary to the SU(3)
symmetry assumption. More likely possibilities are a B, branching ratio larger than
the current value or a value of £ larger than the factorization estimate given above.
These alternatives are impossible to distinguish from one another as the parameters
¢ and R, always appear in the combination 2R, [even in £2A, = &2R,Acp(Bs —
K—7%)]. A larger left-hand side of Eq. (I0) would entail cosd, > 0 rather than the
current situation, permitting d, to be closer to d4. With & = 1.2, one would obtain a
solution r = —0.11, v = 53°, §; = 30°, and o, = 52°. The reason that o, — o4 is still
as large as 22° is because of the pull from Agp(Bs — K~ 7). As shown in Fig.[I a
smaller asymmetry is preferred if one hopes to have d, ~ d4.

Even though one often assumes the same SU(3) breaking factor for the tree and
penguin amplitudes, they can a priori scale differently. Denote the scaling factors
associated with T" and P by &7 and Ep, respectively. By fixing &7 = € and allowing
&p to vary around 1, we find that for £p > 1.2 the strong phase d, can lie in the first
quadrant, but is still too large (> 75°). The weak phase v also falls below 50° in
this case. However, if we fix {p = £ instead and vary &7, the solution improves with
increasing &p. Taking & = 1.5 as an example, we find r = —0.123, v = 59°, 64 = 25°,
and 6, = 42°. This shows that the scaling behavior of T' plays a more dominant role.

Next, we allow both £ and £p to vary by including v = (67.6 £4.5)° [25] obtained
from other methods as another observable constraint. We find that if 6, — 64 = 20°,
it is possible to obtain a perfect fit to the data. In these cases, the preferred values
of r, v, and d4 become fixed at —0.182, 67.6°, and 15°.

The preferred values of &+ and &p as a function of §; — d; are shown in Fig. [l
When 6§, — d; < 20°, no perfect solution exists. But the most favored &r increases
linearly with the strong phase difference, while {p stays almost as a constant. If
the equality between the two strong phases is imposed, we find x2, = 0.82 with
r=—0.114, v = 67°, 64 = 05 = 26°, &7 = 1.63, and £p = 0.77. When d, — 9y 2 20°,
&r drops while £p increases.

In Table [ we compare pairs of solutions for B(B, — K~n") = 7.5 x 107% and
10~° with those for the current value B(Bs; — K~7t) = (5.0041.25) x 107, keeping
the same 25% error. As B(B; — K~ m") increases, the values of v and those of ¢,
in the two solutions become closer to each other. However, the values of d, remain
significantly different from ¢,.

To summarize, the U-spin relation between B® — K*7~ and B, — K 7" [9] has
been utilized to obtain a range of values of the CKM phase 7, thanks to new data on
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Figure 4: Dependence of preferred values of {7 (solid) and £p (dashed) on the strong
phase difference 6, — d4.

Table II: Comparison of solutions for various values of By = B(B; — K~ 7™)

B, Solution 1 Solution 2

(107%) R A rooy by O
5.0  -0.126 60° 24° 155° -0.123 25° 59° 117°
7.5 -0.148 64° 19° 149° -0.108 53° 31° 53°
10.0 -0.167 66° 17° 144° -0.133 61° 22° 51°

the decay By — K~ 7t obtained by the CDF Collaboration [14]. Values of y consistent
with other determinations and strong phases d; and d, not differing substantially from
one another may be obtained only if the branching ratio B(B; — K~ 7) is at least
50% larger than its currently quoted value of (5.0041.25) x 1079, or if the parameter
¢ [Eq. ()] describing the ratio of decay constants and form factors is more than about
1.2 (vs. its nominal value of 0.9719%).

For the nominal values of B(Bs; — K~ 7") and &, one obtains a solution with a two-
fold ambiguity, whose value of v in the solution closer to other determinations (using
such processes as BY — w77~ [22]) is ~ 60°. In this solution, however, the strong
phases are d4 >~ 23° and d, ~ 155°. The latter is inconsistent with perturbative QCD
calculations and its large difference from d; would signal significant SU(3) breaking
or failure of factorization. Solutions with smaller SU(3) breaking, such as those
which would result if B(B; — K~7t) were at least 50% larger than its nominal



value, would be suggested if recent measurements of b quark fragmentation [19] had
overestimated the fraction of b quarks which end up as B,. Alternatively, the SU(3)
breaking factor £ could be larger than estimated, or could differ in tree and penguin
amplitudes. Further studies of the B, — K~ 7" decay and b fragmentation at the
Fermilab Tevatron and at LHCb may help to illuminate this question.

Acknowledgments: C.-W. C. would like to thank the hospitality of the Fermilab
Theory Group during his visit where this work was started. This work was supported
in part by the National Science Council of Taiwan, R.O.C. under Grant No. NSC
96-2112-M-008-001, and by the United States Department of Energy through Grant
No. DE FG02 90ER40560.

References

[1] M. Gronau and D. Wyler, Phys. Lett. B 265, 172 (1991); M. Gronau and D. Lon-
don., Phys. Lett. B 253, 483 (1991).

2] D. Atwood, I. Dunietz and A. Soni, Phys. Rev. Lett. 78, 3257
(1997)  [arXiv:hep-ph/9612433];  Phys. Rev. D 63, 036005 (2001)
larXiv:hep-ph/0008090].

[3] A. Giri, Y. Grossman, A. Soffer and J. Zupan, Phys. Rev. D 68, 054018 (2003)
larXiv:hep-ph/0303187]; A. Poluektov et al. [Belle Collaboration|, Phys. Rev. D
70, 072003 (2004) |arXiv:hep-ex/0406067).

[4] M. Neubert and J. L. Rosner, Phys. Lett. B 441, 403 (1998) |[hep-ph/9808493];
Phys. Rev. Lett. 81, 5076 (1998) [hep-ph/9809311].

[5] M. Gronau and J. L. Rosner, Phys. Rev. D 65, 013004 (2002) [Erratum-
ibid. D 65, 079901 (2002)] [hep-ph/0109238]; Phys. Lett. B 572, 43 (2003)
[hep-ph/0307095].

[6] C. W. Chiang, M. Gronau and J. L. Rosner, Phys. Rev. D 68, 074012 (2003)
larXiv:hep-ph/0306021].

[7] W. M. Sun, Phys. Lett. B 573, 115 (2003) |arXiv:hep-ph/0307212].
[8] C. W. Chiang, jarXiv:hep-ph/0502183.

9] M. Gronau and J. L. Rosner, Phys. Lett. B 482, 71 (2000)
larXiv:hep-ph/0003119].

[10] R. Fleischer, Eur. Phys. J. C 52, 267 (2007) [arXiv:0705.1121/ [hep-ph]].

[11] C. W. Chiang and L. Wolfenstein, Phys. Lett. B 493, 73 (2000)
larXiv:hep-ph/0004255].

[12] L. Wolfenstein, Phys. Rev. Lett. 51, 1945 (1983).


http://arXiv.org/abs/hep-ph/9612433
http://arXiv.org/abs/hep-ph/0008090
http://arXiv.org/abs/hep-ph/0303187
http://arXiv.org/abs/hep-ex/0406067
http://arXiv.org/abs/hep-ph/9808493
http://arXiv.org/abs/hep-ph/9809311
http://arXiv.org/abs/hep-ph/0109238
http://arXiv.org/abs/hep-ph/0307095
http://arXiv.org/abs/hep-ph/0306021
http://arXiv.org/abs/hep-ph/0307212
http://arXiv.org/abs/hep-ph/0502183
http://arXiv.org/abs/hep-ph/0003119
http://arXiv.org/abs/0705.1121
http://arXiv.org/abs/hep-ph/0004255

[13] W. M. Yao et al. [Particle Data Group], J. Phys. G 33, 1 (2006).

[14] M. Morello [CDF Collaboration|, Nucl. Phys. Proc. Suppl. 170, 39 (2007)
larXiv:hep-ex/0612018].

[15] A. Khodjamirian, T. Mannel and M. Melcher, Phys. Rev. D 68, 114007 (2003)
larXiv:hep-ph/0308297); ibid. 70, 094002 (2004) [arXiv:hep-ph/0407226).

[16] C. W. Chiang, M. Gronau, J. L. Rosner and D. A. Suprun, Phys. Rev. D 70,
034020 (2004) [arXiv:hep-ph/0404073).

[17] C. W. Chiang and Y. F. Zhou, JHEP 0612, 027 (2006) |arXiv:hep-ph/0609128§].

[18] Updated results and references are tabulated periodically by the Heavy Flavor
Averaging Group: http://www.slac.stanford.edu/xorg/hfag/rare!

[19] T. Aaltonen et al. [CDF Collaboration], larXiv:0801.4375 [hep-ex].

[20] W.-M. Yao et al. [Particle Data Group], Ref. [13], 2007 update:
http://pdg.1bl.gov/2007/1istings/contents_listings.html.

[21] The Heavy Flavor Averaging Group [E. Barberio et al. arXiv: 0704.3575v1,
http://www.slac.stanford.edu/xorg/hfag/results/| notes that in Z decays
one obtains a slightly more precise value f;/(f., + fa) = 0.129 £ 0.012.

[22] M. Gronau and J. L. Rosner, Phys. Lett. B 651, 166 (2007) [arXiv:0704.3459
[hep-ph].

[23] M. Bander, D. Silverman and A. Soni, Phys. Rev. Lett. 43, 242 (1979).

[24] M. Beneke, G. Buchalla, M. Neubert and C. T. Sachrajda, Nucl. Phys. B 591,
313 (2000) [arXiv:hep-ph/0006124).

[25] J. Charles et al. [CKMfitter Group], Eur. Phys. J. C 41, 1 (2005)
larXiv:hep-ph/0406184]. Updated results may be found on the web site:
http://ckmfitter.in2p3.fr/. Here we use the results from FPCPO7.

10


http://arXiv.org/abs/hep-ex/0612018
http://arXiv.org/abs/hep-ph/0308297
http://arXiv.org/abs/hep-ph/0407226
http://arXiv.org/abs/hep-ph/0404073
http://arXiv.org/abs/hep-ph/0609128
http://www.slac.stanford.edu/xorg/hfag/rare
http://arXiv.org/abs/0801.4375
http://pdg.lbl.gov/2007/listings/contents$_$listings.html
http://www.slac.stanford.edu/xorg/hfag/results/
http://arXiv.org/abs/0704.3459
http://arXiv.org/abs/hep-ph/0006124
http://arXiv.org/abs/hep-ph/0406184
http://ckmfitter.in2p3.fr/

