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I. Introduction
One of the major missions in B physics is to

determine the weak phases in the CKM matrix
for CP violation

Unitarity Test:Search for deviaton from SM

e Using direct measurements of angles check:

at+y+pB=m

e Check if B decays are consistent with the
range of angles from the CKM fit?

To determine the weak phase angles, one has
two different methods:

e T heoretically Clean Cases

e Cases Which Need Theoretical Inputs



T heoretically Clean Cases

Tree dominated process — Penguins Free or
Small Penguins contributions

Problem: Some of the cases have very small
branching ratio — difficult to measure.

Cases Which Need Theoretical Inputs

Have both Tree(T) and Penguins(P) contribu-
tion. The interference between T and P causes
the uncertainties up to ~ 30%

Problem: One needs theoretical inputs to con-
strain the uncertainties. For example, impose
Isosping Symmetry, SU(3), U-Spin....



II. Amplitude Parametrization

We impose counting rules for the various ampli-
tudes in terms of power of Wolfenstein param-
eter A ~ 0.22.

e AsSsign an explicit power of A\ to each topol-
ogy according to PQCD.

e Drop the topologies with higher power of
A until the number of free parameters are
equal to the number of measurements.

— To O(A\2), the error is ~ O(A3) ~ 1%
— To O()), the error is ~ O(\2) ~ 5%

e Solve the simulanious equations to get weak
phase and amplitudes.

e Check the solved amplitudes see if they sat-
isfy the power counting rules from PQCD.



The Branching ratio:
B(B — M1Mp) = — B |A(B — M1My)|?
167rmB

where
mp = 5.28Gev, 71z+ = 1.674 x 107125,

Tgo = 1.542 x 10~ %s

The effective Hamiltonian:
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Where Vyq is the elements of CKM matrix.

The operators



0 = (Gig)v_a(@b)v_a ,
05 = (541 v-a(@b))v-a.
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The 12,5 is the color indices.

T he caracteristic scale is



The Wilson coefficients are

C; = -0.510, Cr = 1.268,

Cy3 = 27x1072, (C4=-5.0x10"2,
Cs = 13x107°%, Cg=-T7.4x1072,
C; = 26x107%, (Cg3=6.6x10"%,
Cg = —1.0x1072,C10=4.0x10"3.

The Wolfenstein parametrization for the CKM
matrix is

Vud Vs Vub

Vea  Ves Veb
Via  Vis Vi
1 —%2 A ) AX3(p —in)
= ) -2 AN2 ,
AN3(1 —p—in) —AN? 1

where A\ = 0.2196 4+ 0.0023, A = 0.819 + 0.035,
and R, =/p2 4+ n2 = 0.41+0.07.

The phases ¢; and ¢3 are defined via Vi, =
[Vial exp(—ig1) and Vi = [Viyp| €xp(—ig3), respec-
tively.



Case study B — K

The most general parametrization of the B —
Km decay amplitudes are given by

P Te .
ABT - K%T) = P(l— cw 4y e“b?»),
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We have 14 unknows(7 amplitudes(13 unknowns)—+¢3)
with 9 experimental inputs.

From PQCD, one have
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Assign the power counting rule to the Wilson
coefficients

O(1) : a1,

O(N\) : a2,

ON2) : C4.,Cq,
o3 : C3,Cs5,Cy,
o\*) : Cig,
O(X°) : C7,Cg,

with a1 = Co + C]_/NC and a, = C1 + CQ/NC.

Combine all above, one have
T VusVJb al

— o~ N)\7




T Fvony M ¢y

Iy ~ ~ )2 7
T Fe Fe a1 N,
Pew Cg 10+ C79/Ne  M™  Cq \3
P ~ C4 6 ~ Fe C4’6Nc - 7
Pew Fyy4)Cg104 C79/Ne  M™  Cq )3
P - Fe 04,6 N Fe C4’6Nc N .

The power of PS,/P ~ X3, is different from the
parametrization from Gronau and Lendon(\?).
Drop O(\3) term(T%/P, P%,/P, P%,/P),and
Acp(BE — KOT),

= 8 equations with 8 unknows.

= Error is O(\3) ~ 1%

Since the time-dependent asymmetry in the BO —
KoY decay still has big uncertainty, drop futher
O(\2) term. We have

ABT = K%t = P,
A(Bg —>K+7T_) — (1_|_| | Z¢3625T> ,
V2A4(BT — Ktx0) = (1 + lP;”' e
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and 6 experimental data

Br(B* — K%™) = (20.6 +1.4) x 107°,
Br(BY — K*7T) = (18.2+0.8) x 107°,
Br(B* - K*n%) = (12.8+1.1 x 107°,
Br(BY — K%°%) = (11.5+1.7) x 107°,
A(BY — K*7%) = —(102+£5.0)%,
A(BT — K79 = —(9.0£9.0)% .

Solve the simutanious equations, We have cen-
ter values

1T _ 0.23, 6r=-13°, 0.06< 7l < 0.72
P P

| Pew|

P
= 0.50, dep = —88°, 0.22 < ;’“" < 0.70
¢3 = 102°, 26° < ¢3 < 1517,

Agree with the results from PQCD, QCDF and
Rosner and Gronau(hep-ph/0307095)



T/P

-0.12 -

-0.14

Pew/P




B — 7w Case

The general parametrizations are:
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Drop the O(A\2) and higher terms, we have
Cl s
—T (14 Eletoc) |
(17

V2A(BT — 7779

A(Bg — atr7) T

7 (1l gisogiop _ 1Cisc )
T T
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and the time dependent CP asymmetry

ABY(t) — #tn7)
B(Bg(t) S ataT) — B(Bg(t) — ata)

B(Bg(t) — atr—) + B(Bg(t) — ata)

where
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A =



The 5 experimental data are

Br(BT — 779 = (5.24+0.8) x 107°,
Br(BY — 7tnT) = (4.6 +£0.4) x 107°
Br(BY — 7%7%) = (1.97 £ 0.47) x 10~ 6
Crr = —(38+16)% ,

Srer = —(58 £20)% .

and assume

A(Bg — 7979 = (0+£50)% .

We have four avaliable solutions

; — 0.2196" % = 0.99¢ %% ¢ = 1077,
; — 0.67¢10% % =0.16e17%% ¢ =147°.

with the range of ¢5 is

51° < ¢pp < 176°
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III. Conclusions

From B — Km case, we get ¢3 = 102°. The
results satisfy the power counting and agree
with PQCD.

In B — Km case, the uncertainty can be as
small as O(\3) ~ 1%, = No evidence for new
physics!

from B — wm case, the P, might not be
samll(O(A2)). One need to re-exame the
calculation from PQCD,as well as QCDF,
analysis of B — nr.

Need to put more theoretical efforts to ex-
tract ¢o from B — n data.



