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March 2002: Belle and Babar reported
the value of the direct CP asymmetry in B — ntn—.

[l Master formula:
af = Cf COsSAMt + Sf sin AMt
Cy: direct CPV, Sy mixing CPV

[ C¢ # 0 occurs when there are two different
Kinds of contribution to the amplitude.

[0 Let us start with a generic amplitude:
A(BC — fop) = e W1e01 4 + e~ 02¢102 4,
A(B° — fop) = eT 016101 A 4 eTi02¢102 A,

d;: CP Conserving phase (strong phase),
0,. CP Violating phase (weak phase)

[0 If one of the amplitudes (e.g. A1) dom-
inates and O((A5/A1)?) is negligible, then

Cf = 25in(91 — 92) sin(51 — 52)A2/A1

Sy =sin(28 + 2601)
+2cos(28 + 261) sin(61 — 62) cos(d1 — 62) Az /A;.



[ What does Cr =0 mean?
Cf = 25iﬂ(01 — 92) sin(51 — 52)A2/A1

Sy =sin(28 + 261)
+2 cos(28 + 261) sin(61 — 62) cos(d1 — §2) Az /A;.

0 B — 7177~ mode
Aq1: Tree  As: Penguin
sin(28 4+ 201) O UT a(¢y) determination
Is there any penguin pollution?!

[0 B —- Kgm mode
Aq1: Penguin  Ap: Tree
sin(28 —2601) O UT ~(¢3) determination
Is there any tree pollution?!

0 B—n'Ks (B — ¢Ks) mode

& If tree is negligible, C; # 0O is signal of NP!
Aq: Standard Model Ao New Physics
sin(#1 — 6>) O NP phase determination
Is tree contribution really small?!
[1 Evaluation of the amplitudes including
strong phase is crucial.ll] pQCD approach!
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[1 Perturbative QCD approach for exclu-
sive charmless B decays
[1 based on the calculation of electromagnetic pion form

factor at large Q2. P.Lepage, S.Brodsky, Phys. Rev. D22(19802)
H.-n.Li, G.Sterman, Nucl. Phys. B381, (1992)
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Hard gluon exchange is crucial!

[1 applied to B — m transition form factor
R.Akhoury, G.Sterman, Y.P.Yao, Phys. Rev. D50(1994)

H.-n.Li, H.L.Yu, Phys. Rev. D53(1996)

_ %74
b § u

B° ¢ é T
d g d

Since the leading order diagrams include one gluon
exchange, the annihilation diagram is same order
of a; as the emission type of diagrams.

emission type annihilation type

The strong phase is mainly coming from annihila-
tion type of diagrams.



[1 Form factor calculation in pQCD
The form factor is written as a convolution of distribu-

tion amplitude and hard scattering amplitude:
<7T(P2)|5juu|B(P1)) =/ dazlda:Q/ db1db>
0 0

’PW(CCQ, b2a P27 IU')TH(xlv Z2, bla b27 Q7 N)PB(x17 b17 Pla N)

where z; and b; are momentum fraction and impact parameter of
the quark inside meson, respectively. Q? = —(P> — P1)2.
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[0 Distribution Amplitude
PM(Q?,b,P,/J:) =
[T
dp

exp [_S(ZBa ba Q) - 3(1 -, ba Q) - 2/ f’yt](g(ﬁ))] WM(x, 1/ba P)
1/b
where s(z,b, Q) is Sudakov exponent. W,; denotes a wave function
of meson M.

[0 Hard Scattering Amplitude

2
kiio

TH(CIZ‘l,CBQ,blaanQ):u’) ~ (271.)2

t
Cr iz i
4 _
(2202 + K2\ [wr2a M2 + (kg + ki2)?] > [ /u 2 vq(g(u))]

exp[—ik, 12 - bi2]

where t is the largest scale appearing in Ty, t = max(\/zMp, 1/b).



[l Wave functions and input parameters
Light meson wave functions

W (P,z,¢) = Poiy(x) +mg' diy (@) +¢mg' (Brh—v-n) g5 (z)

where P and x are the momentum and the momentum fraction of
meson M, respectively.

O ¢7 ¢f and ¢9, represent the axial vector, pseudoscalar and
tensor components of the wave function, respectively, for
which we utilize the result from the Light-Cone sum rule in-
cluding twist-3 contribution.

O The parameters m}! are defined as:

m2

mi=_—""___ — (1.440.3)GeV,
0 (mu + md) ( )
M2
m§ = K = (1.7 £ 0.5)GeV.
md(u) —I— mg

B meson wave function

Wp(z,b) = Npz?(1 — z)%exp[—L(24x)? — “27)
Np = 91.7835 GeV,

0 wp is a free parameter.

wp = (0.4 +0.2)GeV

L1 There are 3 input parameters

These parameters will be constrained as experi-
mental errors will decrease. (Universality of WF)
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[0 Numerical results of pQCD: part 1
Cf = 25iﬂ(01 — 92) sin(51 — 52)A2/A1

Sy = sin(28 + 261)
+2 cos(28 + 261) sin(61 — 62) cos(d1 — §2) Az /A;.

0 B — 7177~ mode
Aq: Tree, As: Penguin O UT angle a(¢>)
[0 pQCD prediction of the penguin pollution is
£ =009 ~0/1
op = —66° ~ —56°

0 B — K*rT mode
Aq: Penguin, As: Tree O UT angle v(¢3)
[0 pQCD prediction of the tree pollution is
% — 0.11 ~ 0.14 not negligible
§p = 150° ~ 155°

0 B—1n'Ks (B — ¢Ks)modes

& If tree is negligible, Cf # O is signal of NP!

A1: SM, As: NP O NP phase

[ pQCD prediction of the tree pollution is
L =0.0075 ~ 0.011 (B — ' K) negligible!
0p = —45° ~ —35°



[ Numerical results of pQCD: part2
B — mwm mode
[0 pQCD prediction of the strong phase is

T = 0.09 ~ 0/1, see pagell
dp = —66° ~ —56°

A.l. Sanda and K. Ukai (Prog.Theor.Phys. 107)
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[ Numerical results of pQCD: part3
0B — K7m mode
£ =0.11~0.14, §p = 150° ~ 155°

v(93)
45 90 135 30
Asy(B® — K*xF) ~ 0. 05 > exp.
0.1 /
-0. 15!

[0 Note that we are improving our calculation by includ-
ing Higher Fock states.



[1 Nlumerical results of pQCD: partd
0B — Kn' mode
[0 pQCD prediction of the strong phase is
L =0.0075 ~ 0.011, ép = —45°~ —35°

0. 15;

0. 05}
I
45 90 135 180
v($3)

0 B°% — Kn' process shows very large branching ratio.
To be precise, Chromo-magnetic Og, contribution
may need to be included.

[l However, Og, contribution is penguin type of oper-
ator so that it does not increase the SM prediction
of the direct CP asymmetry.

[0 Measurement of large direct CP asymmetry will in-
deed a signal of NP!



CONCLUSIONS

Brief review of the pQCD approach.

The strong phase coming from annihilation
type of diagram is calculated in the litera-
ture.

The penguin pollution rate for B — n1Tn—,
P/T, is found to be 0.09 to 0/1( ).

The tree pollution rate for B — K*n¥
T/P, is found to be 0.10.to 0.14 (not neg-
ligible).

The tree pollution rate for B — K¢/, T/ P,
is found to be 0.0075.to 0.011 (negligible).
NP search could be performed!

10



ERRATUM

The value of the P/T ratio for B — ©w process
shown during my talk (P/T = 0.09 ~ 0.1) was
obtained by using the definition in the paper
Prog. Theor. Phys. 107 (A.I Sanda and K.
Ukai). In this paper, P/T ratio is defined as
the ratio of the penguin and tree amplitudes
excluding the ratio of the absolute value of the
CKM matrix element [V;;Viq/V. 5 Vial-

The definition of P/T ratio in this talk was the
one including the ratio of the CKM matrix ele-
ment. Thus, the definition was not consistent.
I apology for my rising a confusion during the
talk.

Since the known value for |V3V,4/V %V, 4| is about
3, we obtain P/T ~ 0.3, which might solve sev-
eral questions which occurred after the talk.
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