
Addendum to ‘‘Constraint on ��, �� from B ! K��’’

Michael Gronau,1,* Dan Pirjol,2 Amarjit Soni,3 and Jure Zupan4,5,6

1Enrico Fermi Institute and Department of Physics, University of Chicago, Chicago, Illinois 60637, USA
2National Institute for Physics and Nuclear Engineering, Department of Particle Physics, 077125 Bucharest, Romania

3Physics Department, Brookhaven National Laboratory, Upton, New York 11973, USA
4Theory Division, Department of Physics, CERN, CH-1211 Geneva 23, Switzerland

5Faculty of Mathematics and Physics, University of Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia
6J. Stefan Institute, Jamova 39, P.O. Box 3000, 1001 Ljubljana, Slovenia

(Received 12 June 2008; published 29 July 2008)

A 1� range, 20� <�3=2 < 115�, defining the slope of a linear Cabibbo-Kobayashi-Maskawa relation,

�� ¼ tan�3=2ð ��� 0:24� 0:03Þ, was obtained from B0 ! K�� amplitudes measured in two Dalitz plot

analyses of B0 ! K��. A correction reported recently by the BABAR Collaboration in results for B0 !
Kþ���0 is shown to imply a somewhat narrower 1� range for the slope parameter, 39� <�3=2 < 112�.
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A Dalitz analysis of B0 ! Kþ���0 by the BABAR
collaboration reported in Ref. [1] has been very recently
corrected [2]. We had used the earlier uncorrected version
of this analysis to obtain a Cabibbo-Kobayashi-Maskawa
(CKM) constraint [3]. In this Addendum we recalculate the
constraint using the corrected experimental results.

The following linear constraint between the Wolfenstein
parameters [4] �� and �� was first derived in Ref. [5]:

�� ¼ tan�3=2ð ��� 0:24� 0:03Þ: (1)

2�3=2 � argðA3=2= �A3=2Þ is the relative phase between the

amplitude for B0 ! ðK��ÞI¼3=2 and its charge conjugate.

This phase can be measured in Dalitz analyses of B0 !
Kþ���0 and B0ðtÞ ! KS�

þ��. Two corresponding
analyses, performed by the BABAR collaboration in
Refs. [1,6], measured the magnitudes of amplitudes for
B0 ! K�þ��, B0 ! K�0�0, their charge conjugates, and
three relative phases,

� � arg

�
AðB0 ! K�0�0Þ
AðB0 ! K�þ��Þ

�
;

�� � arg

�
Að �B0 ! �K�0�0Þ
Að �B0 ! K���þÞ

�
;

�� � arg

�
AðB0 ! K�þ��Þ
Að �B0 ! K���þÞ

�
:

(2)

In Ref. [3] we have used these measurements, including
negative log-likelihood values for� and �� [1], to calculate
a �2 dependence on �3=2. The log-likelihood values for �
and �� have been recently corrected for a missing factor of
2 [2]. This affects the �2 dependence on �3=2. The cor-

rected dependence is plotted in Fig. 1. The broken purple

curve corresponds to an unconstrained j �A3=2=A3=2j, while
the solid blue curve is obtained by imposing the bounds
0:8< j �A3=2=A3=2j< 1:2, expected to hold in the standard

model [3]. The latter curve defines a 1� range,

39� <�3=2 < 112�: (3)

Figure 2 shows the linear constraint (1) with the large
range of slopes (3) overlaid on CKMfitter results following
from [7,8] jVubj=jVcbj ¼ 0:086� 0:009, obtained in semi-
leptonic B decays, and values � ¼ ð21:5� 1:0Þ�, � ¼
ð88� 6Þ�, and 	 ¼ ð53þ15

�18 � 3� 9Þ� [9], obtained in B!
J= KS, B! ��, ��, ��, and Bþ ! Dð�ÞKð�Þþ, respec-
tively. The small theoretical error in the B! K�� con-
straint [� 0:03 in Eq. (1)] is described by the difference
between dark and light shaded regions in Fig. 2.
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FIG. 1 (color online). �2 dependence on �3=2 for uncon-
strained jR3=2j (broken purple line) and for 0:8< jR3=2j< 1:2

(solid blue line). A black horizontal line at �2 ¼ 1 defines 1�
ranges for �3=2.
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FIG. 2 (color online). Constraint in the ��� �� plane following
from Eqs. (1) and (3). The dark shaded region marked K��1�
corresponds to the experimental error on �3=2 given by the 1�

range (3), while the light shaded region includes also the error
�0:03 in (1). Also shown are CKMfitter constraints obtained
using jVubj=jVcbj, �, �, 	, and �md [8].
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