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dence and the missing terms in the NLO contri-
bution. Although the latter error is decreased in
the second estimate by smallness of CKM factors,
a complete NLO calculation is de�nitely desirable
for the result to be more reliable.
The most obvious way of trying to measure

the width di�erence is through the semileptonic
decays, however we can not extract the quan-
tity which is linear in ��d=�d. The time mea-
surements of an untagged Bd decay to single �-
nal state is sensitive only to quadratic terms in
��d=�d. So this method would involve measur-
ing a quantity as small as (��d=�d)2 � 10�5,
which is too small to measure.
However, combining time measurements from

two di�erent �nal states can enable us to mea-
sure quantities linear in ��d=�d. Indeed, we can
measure the ratio of two untagged lifetimes for
two �nal states:

�b1
�b2

= 1 +
b2 � b1

2

��d
�d

+O �
(��d=�d)

2
�
; (3)

where the b is the quantity depend on the �nal
state. This indicates the necessity of at least two
di�erent �nal states to extract ��d=�d.
A viable option, perhaps the most eÆcient

among the ones considered in [4], is to compare
the measurements of the untagged lifetimes of
the semileptonic decay mode �SL and of the CP-
speci�c decay modes �CP� . For each �nal states,
bSL = 0 and bCP� = � cos(2�1). The ratio be-
tween the two lifetimes �CP� and �SL is

�SL
�CP�

= 1� cos(2�1)

2

��d
�d

+O �
(��d=�d)

2
�
:(4)

The measurement of these two lifetimes should be
able to give us a value of j��dj, since j cos(2�1)j
will already be known to a good accuracy by that
time.
Since the CP-speci�c decay modes of Bd (e.g.

J= KS(L); D
+D�) have smaller branching ratios

than the semileptonic modes, and the semilep-
tonic data sample may be enhanced by including

the self-tagging decay modes (e.g. D
(�)+
s D(�)�)

which also have large branching ratios, we ex-
pect that the most useful combination will be the
measurement of �SL through all self-tagging de-
cays and that of �CP+ through the decay Bd !

J= KS . After 5 years of LHC running, we should
have about 5 � 105 events of J= KS ([9] table
3), whereas the number of semileptonic decays,
at LHCb alone, that will be directly useful in
the lifetime measurements is expected to be more
than 106 per year, even with conservative esti-
mates of eÆciencies.
At LHCb, the proper time resolution is ex-

pected to be as good as �� � 0:03 ps. This
indeed is a very small fraction of the Bd lifetime
(�Bd

� 1:5 ps [10]), so the time resolution is not
a limiting factor in the accuracy of the measure-
ment, and the statistical error plays the dominant
role. Taking into account the estimated number
of Bd produced the measurement of the lifetime
di�erence does not look too hard at �rst glance.
One may infer that if the number of relevant
events with the proper time of decay measured
with the precision �� is N , then the value of
��d=�d is measured with an accuracy of 1=

p
N .

With a suÆciently large number of events N , it
should be possible to reach the accuracy of 0.5%
or better.
We also point out the interlinked nature of

the accurate measurements of �1 and ��d=�d
through the conventional gold-plated decay[4,6].
In the future experiments that aim to measure
�1 to an accuracy of 0.005 or better, the correc-
tions due to ��d will form a major part of the
systematic error, which can be taken care of by a
simultaneous �t to sin(2�1),��d and an e�ective
parameter �� that comes from the CP violation in
K � �K and B � �B systems, and also takes care
of small theoretical uncertainties.
The calculations of the width di�erence in Bd

and in the Bs system (as in [1]) run along similar
lines. However, there are some subtle di�erences
involved, due to the values of the di�erent CKM
elements involved, which have signi�cant conse-
quences. In particular, whereas the upper bound
on the value of ��s (including the e�ects of new
physics) is the value of ��s(SM) [11], the up-
per bound on ��d involves a multiplicative fac-
tor in addition to ��d(SM). Using the de�ni-
tions �q � Arg(�21)q;�q � Arg(M21)q , where
q 2 fd; sg, we can write

��q = �2j�21jq cos(�q � �q) : (5)
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Since the contribution to �21 comes only from
tree diagrams, we expect the e�ect of new physics
on this quantity to be very small. We there-
fore take j�21jq and �q to be una�ected by new
physics. On the other hand, the mixing phase
�q appears from loop diagrams and can therefore
be very sensitive to new physics. The e�ect of
new physics on ��s can be bounded by giving an
upper bound on ��s:

��s � ��s(SM)

cos(2�)
� ��s(SM) ; (6)

with 2� = �Arg[(V �cbVcs)2=(V �tbVts)2] � �0:03.
Thus, the value of ��s can only decrease in the
presence of new physics[11].
In the Bd system, an upper bound for ��d,

based on the additional assumption of three-
generation unitarity, can be derived:

��d � ��d(SM)

cos[Arg(1 + Æf)]
: (7)

We can calculate the bound (7) in terms of the
extent of the higher order NLO corrections. In [4],
we got jArg(1 + Æf)j < 0:6, so that we have the
bound ��d < 1:2 ��d(SM). A complete NLO
calculation will be able to give a stronger bound.
We have seen that the ratio of two e�ective

lifetimes can enable us to measure the quantity
��obs(d) � cos(2�1)��d=�d. In the presence of
new physics, this quantity is in fact (see eq. (5))
��obs(d) = �2(j�21jd=�d) cos(�d) cos(�d � �d).
In SM, we get

��obs(d)(SM) = 2(j�21jd=�d) cos(2�1)
� cos[Arg(1 + Æf)] :(8)

If jÆf j < 1:0, we have cos[Arg(1 + Æf)] > 0
(in fact, from the �t in [12] and our error esti-
mates, we have cos[Arg(1 + Æf)] > 0:8). Then
��obs(d)(SM) is predicted to be positive. New
physics is not expected to a�ect �d, but it may
a�ect �d in such a way as to make the combina-
tion cos(�d) cos(�d��d) change sign. A negative
sign of ��obs(d) would therefore be a clear signal
of such new physics.
It is well known, that the Bd{ �Bd mixing phase

�d is eÆciently measured through the decay
modes J= Ks and J= KL. If we take the new

physics e�ects into account, the time-dependent
asymmetry is ACP = � sin(�Mdt) sin(�d); in the
SM, we have �d = �2�1. The measurement
of sin(�d) still allows for a discrete ambiguity
�d $ ���d. It is clear that, if �d can be deter-
mined independently of the mixing in the Bd sys-
tem, then measuring ��obs(d), which is propor-
tional to cos(�d) cos(�d � �d), resolves the dis-
crete ambiguity in principle. We note that these
features are unique to the Bd system.
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