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Abstract:
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* - in order to extract +. I describe why this determination is likely to
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iE ‘ A“B 1997 T decays are considered, the angle v may then be determined. In fact,
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‘T‘Sﬁ:\:’mw D 0(10°%) Bs.
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In thie talk 1 will diecuse the extraction of the CKM angie v at H-factories through
the interference of the sy B~ ~+ K-D° and B~ — K-D". Thia seem-
ible kterfe may be lint brnlhmn;bothD"-mlﬁo
to decay to & comomon final sials. chmlyCP-i;uuuudawmod.uul’thnD
mnmudned.lhbnndﬂn‘ulhhrB‘«DK‘mullbeunwﬂmmuﬂy
determined in order 4o sxtract v. I describe why this d instion e Likely to
be experimentally impomible. On the sthet band, if more genersl D docays are
considered, the angls ¥ may then be determined- In fact, it b pomible that a
ressonable determination of v may be mads with O{10*) 5.

1 Introduction

‘The Unitarity of the Cabibbo-Kobayashi-Muskawa (CKM) matrix is one of the
fund I predictions of the Standard Model 1. The experimental activity
at the various B factories will therefore concern iteelf largely with the accurate
determination of the various eiements of this matrix. While the magnitude
of CKM elements may be determined by the rates of approptistely chosen
processes, direct messurement of the phases of these elements require the ob-
servation of CP violation. Indeed, with the exception of strong CP violation,
the phase in the CKM motrix is the only place the Standard Model admits CP
violation. Indesd there are good reasons to believe that CP viclstion will be
present at an observable level in the B system since the CKM matrix in three
generations will in general have a complex phase and CP violation has been
known for 30 years in the Ky system which may be explained though such a
phase.

This being the case, the standard model makes makes definite prediction
regarding CP violation that will be present in B physics. This may be sum-
marizsed with the usual “Unitarity ‘Triangle”™ ? which shows how how the CP
violation from the CKM matrix will be distributed among different B decay
channels. In this talk I will foeus on the determination of the angle « which is
the phase of the element V,, in the CKM parameterization of [* ].
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2 Determining 7 with B- — DK~

On the quark level, the determination of 1 which I will discuss ja hased on
the interference of the tree level decays & — cTGs with & — u#s (sad their
charge conjugates). The CKM phase difference between thene two amplitudes
is readily seen to be ¥ however it is not obvious how these channels, leading to
seemingly different fiital states, can have any quastum mechanical interference.

It is only by considering certain specific hadronic final states common to
both sub-processes that the desired intetference may be obtaiced. Firat we
specify that & — @ hadronise aa B~ — D"K~ and that § —+ uZs hadronise
as B~ — D K-, These may interfere only if both the D® and i decay to
& common final state X. In what follows, we will consider what choices of X
can lead ta n practical method for the determination of .

This clever method of extracting 4 was first proposed in 1990 and has
since been studied extensively in the case where X is a CP eigenstate® {which
we will refer to as the Gronau-London-Wyler (GLW) method) and also for
mare general velues of X ®7. Recently it has been renlised 7 that the recipe
for extracting 7 as originally proposed using CP tigenstate modes require the
knowledge of Br{B™ — P’x ~} and that thie is virtuelly impossible to ebtain
experimentally. In this talk I will emphasis that considering more general
values of X which are not CP eigenstates allows one to get around this difficulty
and develope & practical method for the determination of 7.

Indeed, the only other method for determining 7 le through oscillation
effects in the B, 2. Methods based on the interference of b — s with b — cfis
are thus of great importance since they may be used st T(4s) B-factoriea which
do not produce B, mescns

3 Using CP-eigenstute D° Decays

Let un first consider the case where X is a CP eigenst Some ples of
such a decay are D® — x+x~, D — K,x% D® — K,n etc. For instance if
X = K,x® the 3 — ¢ channel hadronises ms B~ — K=(D* — K,x%) while
the b — u transition hadronizes aa B~ — K‘(ﬁo —» K.x®). Overall both
processes lead to a commeon final state (ie. X~ K,x" with My .+ = Mp}
and they will interfere. In general, two phases will enter into the interference
process, the CP odd phase 7 which we wish to measure and the rescattering
phase £ resulting from the fact that the final state K~ rescatiering phase
is different from that of K~




Let us define

a(Ky= Br(B~ — K~D% #(K)=Br(B- — K D'} e(X}=Br(D* = X)
ofX) = Br(D° = X) d(K,X)= BB~ — K~[X]) &K,X)=Br(B* = K+[X))

where [X] indicates that it praceeds through the interfering D° and D° chan-
nels. Then d and d are given by:

d{K,X) = o(H)e(X}+bK)c(X)+ 2/ alKW(K)e(X)e(X) cos(s + )
AWKX) = a(B)e(X) +8(K)c(T) + 1/ a(KIB(Ae(X)e(X) cos(€ — 1)

Let us now assums that a(K), b(K), c{X) and ¢(X) are known_experi-
mentally (if X is CP eigenstate ¢(X) = ¢(X)). Then if d(&, X) and d(X, X)
are measured, the two equations above may be solved for the two unknown
phases £ and 7. This is the essence of the GLW method. The assumption that
WK) = Br(B~ — K'Be) can be measured however requires careful scrutiny
since it may be estimated 7 that d(k) = 3 x 10-° is rather small.

In order to measure 4{ K} we need some way to tag the T andin particular
to tell it from & D°. Logically, the are two possible ways one ¢an accomplish
this tagging, via a hadronic mode (which is the method considered in the
literature to date®) or via a semi-leptonic mode.

Possible hadronic modes which tag B ate decays of D which are Cabibbo
allowed. For instance the decay D° =+ K+x~ where Br(ﬁo - Ktx")=3x
10~7{®]. The total decsy rate for the chain B~ — K‘[I_)n — K*x=] will thus
be ~ 10~7, Unfortunately D® may also decay into K+~ although this decay
ia doubly Cabibbo suppressed; in particular Br(D® — K+x~) e 3x 10-1{8].
The primary decay B~ — K~ D" however has & branching ratic of ~ 3 x 10~
80 that chain B~ — K‘{l—)u ~ K+*x~] is aleo ~ 107, Since both chaias
{end to the same final state, there will be ~ 100% interference effects between
the two channels and so 6(K) cannot be determined in isolation. All possible
hadronic tags of " will be likewise afflicted with these interference effects.

A semi-leptonic tag is any decay of the form T~ e“¥X,. This signature
however is aubject to a background from B~ — e~FX which is 10° times
larger.

4 Using Non-CP Eigenstaten

The key to extracting v without the use of b(K) is to take advantage of precisely
the large interference effects which prevented the determination of 5{ K’} above.
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Consider the case where X is not 2 CP cigenstate in particalar where 5 — X
is doubly Cabibbo suppressed, for example X = K*x~. Now the strong
phase difference between the decay chain B~ — K- [D? — X} and B~ —
K‘[ﬁﬂ —+ X} is { = £ + 5 where £ is the strong phase difference arising from
the rescattering of D° K™ versus k- and ¢ arises from the phase difference
between D° — X versus D' — X.

In general each possible instance of X will have a different value of § so
that if two choices of X are used, the set of equations above are replaced by
the system of four equations:

KX = a(K)e(X;) + (K)e(Xa) + 24/ a(K)B{K Je( Xo)e(X1) cos{Ci + 1)
&K, X;) alkye(X) + BK)e(Xi) + 2ofal KOBUK Ye( Xi)e{X:) con(¢ — 7)

for i = 1,2. Assuming that o(K), ¢(X;) and c(X;) are already known and
d(K,X;) and d(K, X;) are then mensured, the aystem above provides four
equations for the four unknowns {y, {1, {2, $(K}} which can in principle be
solved (and as a by product we slso get the value of #{K)). These equations
will be non-degenerate if either ¢(X1)/2(X,) # ¢(X2)/2(X3) or {; # (2 which
will occur if both Xy and X3 are not CP eigenstates or if X, is a CP eigenstate
and X3 is not.

5§ Improvements

Note that the system of equations sbove are quartic in nature and so in addition
to the ambiguity between 7 and —7, there is & four-fold ambiguity in the
determination of y. If, however, a third state is also used, the resulting system
of six equations is over-determined and the four-fold ambiguity is resolved.

Indeed theze are a number of possible non CP-eigenstate modes that may
be used for X, in particular K+x~, K*p~, K*a], K*tx~ etc. One may
further generalize to related B~ decays such as B~ ~ K"~ 09 and B~ —
K~ D all of which tend to build up the statistics for the determination of 7.

The accuracy in determining y through this methed depends on the value
of v as well a8 the completely unknown values of the strong phase shifts in-
volved. This ercor will typically” be between 5° and 20° given the total number
of T(4s) of ~ 10® (not including acceptance factors).

Finally, one can improve the determination of ¥ by considering 3-body
decays of D°. In particular if D® — K*+r~#° additional information may be
obtained by considering the distribution as a function of the energy of the K+
and x~ in the rest frame of the D°.



Let us define

a(K) = Br(B~ — K-D% bK)=Br(B- — K-D'} ofX)=Br(D® — X)
X) = BriD® = X) d(K.X)= Br(B~ — K-[X]) d(K,X)=Br(B* — KX

where [X] indicates that it proceeds through the interfering D° and D" chan-
nefs. Then d and d are given by:

d(K,X) a(K)e(X) + 6(K)e(X) + 2/ e KI{K)e{X)e(X) cos(s + 1)
dK,X) = a(K)e(X) +5(K)e(X) + 2\/a(K}b(K)c(X)c(T) cos(f — ¥)

Let us now assume that a(K), b(K), c{X) and c(X) are known experi-
mentally (if X is GP eigenstate e(X) = e(X)). Then if 4(K, X) and d(K, X}
are d, the two equations above may be solved for the two unknown
phases £ and . This i the essence of the GLW method. The assumption that
b(K)= Br(B~ — K‘Eu) can be measured however requires careful scrutiny
since it may be estimated ” that b(k) = 3 x 10-® ia rather small.

In order to measure { K) we need some way to tag the D’ andin particular
to tell it from a D% Logically, the are two possible ways one can accomplish
this tagging, via a hadronic mode (which is the method considered in the
literature to date®) or via a semi-leptonic mode.

Poesitile hadronic modes which tag T are decays of ° which ere Cabibbo
allowed. For instance the decay D° — K+~ where Br(ﬁo — Ktr)=3x
1072 {®]. The total decay rate for the chain B~ — K—{I" — K+x~] will thus
be ~ 1077, Unfortunately 5 may also decay into K+x~ although this decay
is doubly Cabibbo suppressed; in particular Br(D® — Ktx~) = 3x 10-4[3].
The primary decay B~ — K~ D" however has a branching ratio of ~ 3 x 10732
g0 that chain B~ — K-[D° — K*x~] is also ~ 10~7. Since both chains
lead to the same final state, there will be ~ 100% interference effects between
the two channels end 8o 6{K) cannot be determined in isolation. All possible
hadronic tags of 7" will be likewise afflicted with these interference effecta.

A semi-leptonic tag is any decay of the form B — e~ VX,. This signature
however is subject to a background from B~ - ¢~TX which is 10° times
larger.

4 Using Non-CP Eigenstaten

The key to extracting v without the use of b(H ) is Lo take advantage of precisely
the large interference effects which prevented the determination of 3( X ) above.

3

Consider the case where X is not a CP eigenstate in particular where D® — X
is doubly Cabibbo suppressed, for example X = K*+x~. Now the strong
phase difference between the decay chain B~ — K~[D° — X] and B~ —
K‘[Jl_)0 — X] i8¢ = £ +n where ¢ is the strong phase difference arising from
the rescattering of DK~ versus D' K~ and £ atisea from the phase difference
between D9 — X versus D" — X.

In general each possible instance of X will have a different value of £ so
that if two choices of X are used, the set of equations above are replaced by
the system of four equations:

d(K, X;) alK)e{X;) + B(H)R) + 2/l K B{K Yo X3 )e(Ky) cos(gi + 1)
WK X)) = alk)e(Xe) +b(K)e{Xs) + 8y/al K WB(K (X )e(X; ) eos(( — 1)

for i = 1,2. Assuming that a(X), c{X:) and c(X;) are already known and
d(K,X;) and d(K,X;) are then measured, the system above provides four
equations for the four unknowns {1, {1, {3, 6(X)} which can in principle be
solved (and as a by product we also get the value of 5(K)). These equations
will be non-degenerate if cither e X;)/2(X,) # c{X3)/2(X3) or ¢; # (2 which
will occur if both X, and X3 are not CP eigenstates or if X; is a CP eigenstate
and X3 is not.

% Improvements

Note that the eystem of equations above are quattic in nature and so in addition
to the ambiguity between v and —, there is & four-fold ambiguity in the
determination of 7. If, however, a third state is also used, the resulting system
of six equations is over-determined and the four-fold ambiguity is resolved.

Indeed there are a number of possible non CP-eigenstate modes that may
be used for X, in particular K+x~, K+p~, K*ay, K**r~ elc. One may
further generalize Lo related B~ decays auch as B~ — K"~ D° and B~ —
K= D9 all of which tend to build up the statistics for the determination of 1.

The accuracy in determining 7 through this method depends on the value
of v a8 well as the completely unknown values of the strong phase shifts in-
volved. This error will typically be between 5° and 20° given the total number
of T(48) of ~ 10° (not including accepiance factors).

Finally, one can improve the determination of ¥ by considering 3-body
decaya of D. In particular if D* — K+x~x0 additional information may be
obtained by considering the distribution as a function of the encrgy of the K+
and =~ in the rest frame of the DY,



6 Conclusion

In conclusion, we have see that the original method of GLW for desermining v
has a problem due to the fact that interference prevent the determination of
Br(B~ - T°K-} through hadronic decays of T°. We can, however, exploit
these cffects to salvage a method for determining y and, since these interfer-
ences are between two roughly equal amplitudes, CP violating effects will be
O(100%)!, Assuming that modes such as £~ + nx may be tagged with a rea-
sonable efficiency, there is a prospect that the lumincsities typical of B factories
will give a determination of 7 to a precision of 5=20" where the exact precision
obtainable depends on unknown strong rescattering phases. If this is achieved,
it could have a significant impact on the determination of CKM parameters
and more importantly, it is probably the only way of directly determining ¥ at
T(4s) B-factory experiments.

This research was supported in part by the U.5. DOE contract DC-AC05-
84ER40150.
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