Constraints on v and Strong Phases
from B — wK Decays

Robert Fleischer
DESY Hamburg, Theory Group

ICHEP 2000, Osaka, 27 July — 2 August, 2000

Introductior

e Probing v with B — n K Decays:

- “mixed”’: B* — n*K, By - nTK*
~ charged: B* — n*K, B* = »'K*®

~ neutral: B; — 'K, By = nTK=.

e Constraints on Strong Phases

lusions and Outlook

[A. Buras & R.F,, hep-ph/0003323, to appear in Eur. Phys. J. C]



Introduction

o To obtain direct information on ~ in an experimentally
feasible way, B — mn K decays appear very promising:

Im !

® Experimental history:

= CLEO '97-'00: CP-averaged (BR)s = O(107").

= CLEO '99: first preliminary results on CP asymmetries.

= Experimental uncertainties are still very large ...
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[CLEO Collaboration, hep-ex/0001009 and hep-ex/0001010]
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o B — 7K decays are governed by QCD penguins:

- Example; Bg - 7~ K*

“penguins” “tree”

= [ViuVio/(VasViy)| = 0,02 = penguins dominate!

® The role of EW penguins (large top-quark mass!):

- B} = n~K*, Bt = st K"
contribute in colour-suppressed form and are expected to
play a minor role: “factorization” — O(1%).

- BT = »n"K*, B) - n" K"

contribute also in colour-allowed form and may compete
with tree-diagram-like topologies!







e Important SU (2) isospin relation:

V’?E‘AfB'l* - :rr“f.g.'"'-) + AEE+ =" ‘ﬂ'+Kﬂ}
= V3A(BY - «'K°) + A(B§ —» n~K)
= =[(T +C) + Pew] [ew + qm] .

= Amplitude relation with analogous phase structure also
for the “mixed” B" — # " K" B) — n~ K system.

e Combinations of B — n K decays to probe :

[R.F. ('95): R.F. & Mannel ('97); Gronau & Rosner ('98)]

- B* - #*K, B* - »'K* (“charged”)

[Gronau, Rosner, London ('94); Neubert, Rosner; Buras, R.F. ("98)]

- By = 7K, By — nTK* (“neutral”)

[Buras & R.F. ("98-'00)]

e Interestingly, already CP-averaged branching ratios may
lead to highly non-trivial constraints on ~.

[R.F. and T. Mannel, Phys. Rev. DST (1998) 2752; M. Neubert and
JL. Rosner, Plys. Lett. B441 (1998) 403]



Probing v with B — wK Decays

® The key quantities:

BR(BY — n~ K*)+ BR(BY - 7t K™) m—
R= — _ - — = 0.95 + 0.28
BR(B+ — n+K?") + BR(B— — n—KY)

o [&RCB"‘ - 79K*) 4+ BR(B~ = #°K ™)
-

_ — 2| =1.2740.47
BR(Bt — #+K9) 4+ BR(B— — n—K0)

Ry

I

1 [B.R(Bﬂ = KT)+ BR{B_-g -+ atK™)
2

: : =0.59 4 0.27.
BR{{B_S; — wOK0) 4 BRQHB_‘g. — rOKD) ]

e Employing the SU/(2) flavour symmetry and dynamical
assumptions, concerning mainly the smallness of FSI:

Ricm) = Bem) (ﬁ?’ Yem)» 'ri_ﬂ'eﬂl"s{cm}) ;

® Here the 'fullﬂwing variables are involved:

= qe.n)- ratio of EW penguins to “trees”.
= Tlem): ratio of "trees” to QCD penguins.

~ O(c.q): strong phase between “trees” and QCD penguins.

[A. Buras & R.F., Bur. Phys. J. C11 (1999) 93]



o The G(e.n) €an be fixed through theoretical arguments:

- B* —> ?r_iff; B, — nTK*: q ~ 0, as EW penguins
contribute only in colour-suppressed form.

=~ B* = #*K, B* = n"K*: g, = 0.63 can be fixed
through the SU(3) flavour symmetry (no dynamics!).
[M. Neubert and J. Rosner, Phys. Lett. B441 (1998) 403]

= 'K, By =+ #TK™: g, & 0.63 can also be
fixed through the SU(3) flavour symmetry,
[A. Buras & R.F., Eur. Phys. J. C11 (1999) 93]

® The 7., can be fixed through experimental information:

~ B* = 7% K, By~ nTK*: r & 0.18 can be fixed

using factorization, (B, — wly; helps); B, = n K.
[R.F. ('95); Gronau and Rosner ('98,'00)]

- B* 5 n*K, B* - n"K*: r, & 0.21 can be fixed
from the BT — =" x" branching ratio by using the
SU(3) flavour symmetry (no dynamics!).

[Gronau, Rosner and London, Phys. Rev. Lett. 73 (1994) 21]

- By = 7K, By — 7T K*: ry & 0.17 can also be
fixed through SU(3) from BT — n*n’.
[A. Buras & R.F., Bur. Phys. J. C11 (1999) 93]




o Comments on FSI effects:

-~ Whereas the determination of g and r as sketched above
may be affected by FSI| effects, this is not the case for
Gen and 7, since here SU(3) suffices.

~ Nevertheless, we have to assume that Bt — =" K" or
By — 7"K do not involve a CP-violating weak phase:

A(BT = at KV = ~ |Ple?P = A(B™ - 5~ KI).

~ This relation may be affected by rescattering processes:

A(BY = T K%)= — |Ble"P [14 pe'%eT] .

> 0.02
* Example: < Xk

= Can be taken into account through additional input, e.g.
SU(3) and data on B* — K*K. In the case of
the neutral strategy, FS| effects can be included in an

exact manner with the help of AE‘E‘(B‘; — 7' Kg).




Back to the Constraints on ~ ...

Central quantity:

R'l?-fnﬂl (”f‘:-@{r.nl& Plea)s S{t:,n'ﬁ) -

The strong phase &, suffers from large hadronic
uncertainties and is essentially unknown!!

However, we can get rid of &, ,, by keeping it as a “free”
variable, yielding minimal and maximal values for Ry ,:

t‘ g kR " L)
Ricny e = complicated expression (7,_ Ye.n)s ’"{r:,n})

Keeping in addition (., as a “free” variable, we obtain
another — less restrictive — minimal value for R, .,

min-

R(cin) = K(7: Qo)) sin® 7

"(ea)dem)

These extremal values of R, imply constraints on ~, as
the following cases are excluded:

{cwﬂ}

RO < R B

( mn} (cn)? (en




e The dependence of the extremal values of R, (neutral
B — 7K system) on 7 for ¢, = 0.63:
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¥(deg)

e The dependence of the extremal values of R. (charged
B — n K system) on 7 for g. = 0.63:
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[A. Buras & R.F., hep-ph/0003323, to appear in Eur. Phys. J. C]
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o Constraints in the §-7 plane implied by R™"|, ;. for

R, = 0.6 and ¢, = 0.63 x [0.41/R
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[A. Buras & R.F., hep-ph /0003323, to appear in Bur. Phys. J. C







Constraints on Strong Phases

The observables R, . allow us to determine cosd.,, as
a function of -+, thereby providing also constraints on these
CP-conserving strong phases:

Qo8 é{f‘.n) = function (‘T: R{{'_-ql.l] y Q{'c.,n} ' I;"'(1:'1’1'.}) 2

- The CLEO data reported in January 2000 are in favour of
cosd, > 0 and cosd, < 0.

Such a pattern would be in conflict with the theoretical
expectation of equal signs for cos §, and cos §,,!

If future data should confirm this “puzzle”, it may be an
indication for one of the following features:

= New-physics contributions to the EW penguin sector,

= Large non-factorizable SU (3)-breaking effects, affecting
the determination of the EW penguin parameters ¢. ...

In order to distinguish between these possibilties, detailed
studies of the various patterns of new-physics effects in all
B — mK decays are essential, as well as critical analyses
of possible sources for SU(3) breaking.

[A. Buras & R.F., hep-ph/0003323, to appear in Eur. Phys. J. C]



e Dependence of cos 8, on = for various values of R,

case of ¢, = 0.63 and r, = 0.17:
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¢ Dependence of cos d, on ~ for various values of R, in the

case of g, = 0.63 and r.
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[A. Buras & R.F., hep-ph/0003323; to appear in Eur. Phys. J. C]



Conclusions and Outlook

The CLEQ'00 results for R ., reported last January are
in favour of strong constraints on =, where the second
quadrant is preferred [similar conclusions also from other
B — nK, wr strategies (Hou et al., ...)]:

=~ Such a situation would be in conflict with the standard
analysis of the unitarity triangle!

The observables R ., imply also constraints on el
where CLEQ'00 is in favour of cos 8, > 0 and cos é,, < 0:

= Such a pattern would be in conflict with the theoretical
expectation of equal signs for cos 4, and cos é,,!

Further theoretical studies and better data are required
before we can speculate on new physics.

As soon as CP asymmetries AE}.’” in By = nTK* or

B* = n'K* are observed, we may extract v and & ,):
Agﬁm = Ag}vﬂ} (’Ta G(em)r o) ‘Sf'c:.ni) ]

Interesting playground for theorists and the B-factories!



