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Hadronic B Decays vs T heoretical Uncertainties

While there are plenty of interesting programs in hadronic two body decays,
such as ¢» determination in B — 7w, ¢3 determination in B — K, the
strong interaction complicates our computation.
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Nalive factorisation Non-factorisable contributions?!

— Attempts to go beyond the naive factorisation

[0 Perturbative QCD Approach

[ QCD Factorisation

Inclusion of O(as) corrections to the naive factorisation approximation.
Factorisation has been shown neglecting O(1/my).



Perturbative QCD for Exclusive B decays

Based on the calculation of electromagnetic pion form factor at large Q2.

— applied to B — = transition form factor
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Hard gluon exchange is crucial!




Importance of Annihilation Diagrams

d Annihilation diagrams had been neglected
5 uﬂ+ due to:
BO > , e o suppressed — Not in pQCD
d | . . mib suppressed comparing to the
d emission diagrams.
: : » e Angular momentum conservation for-
. N J bids the V — A currents (O1..4) by a
- K K (O1~4) by

factor of m2 (as © — eD).

However, V' 4 A currents (Os g) remain accompanied by the chiral en-
hancement factor m% = m2/(my + my).

Furthermore, we found that:
[1 The large absorptive part arises from cuts on the intermediate state.

[ | The strong phase associated with Os g annihilation diagrams is nearly 90°

N B — mmaswellas B — K.
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CP Violation in B — ntn—
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Thanks to Y.Y. Keum for the figure!

PQCD predictions: |P/T| = 0.231'8.'85? and 6p — 67 = —41° ~ —32°



Form Factor Calculation in PQCD

The form factor is written as a convolution of the distribution amplitude and
the hard scattering amplitude:

_ 1 00
(w(P2) Bl B(P1)) = [ dwrdes [ dbidb

Pr(x2,b2, Py, n)TH(x1,22,b1,b0,Q, n)Pp(x1,b1, P1, 1)

where z; and b; are momentum fraction and impact parameter of the quark inside meson,
respectively. Q2 = — (P, — P1)?.

e Distribution Amplitude
PM(QZ,I),P,,U/) —
hodp

exp [—s<a:, b,0) — s(1 — 2,b,Q) — 2 /1 \ Ew(g(m)] W (e, 1/b, P)

where s(x, b, Q) is Sudakov exponent. W, denotes a wave function of meson M.

e Hard Scattering Amplitude
d?k ;15

TH(331,332,b1,b27Q>:u) ~ (271')2

Cr 1 [ /t i ) ]
exp |4 | —
xla;QQQ —|- (kJ_l _ kJ_Q)Q (J?QQQ _I_ kﬁ_Q) ) i VQ(Q(M))
where t is the largest scale appearing in Ty, t = max(/xMp, 1/b).

exp[—ik 15 - b12]




Sudakov Suppression and Applicability of PQCD

Applicability of PQCD

Sudakov Suppression

-1
D8 -
Iy g 08
- £
. Z
- S 04 F
I
E- D2+
D _I—l—l | |
D 0.2 D4 0.6 0.8 1

as(t)



Wave Functions For Light Mesons

W (Pyx,¢) = Poy(x) + mdl ol () + ¢md (bh — v - n)¢3) ()

where P and x are the momentum and the momentum fraction of meson
M, respectively.
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We include up to the second (first) terms of the Gegenbauer expansion of
the distribution amplitudes ¢ and ¢£ (¢1) in our calculation.

A relatively large theoretical uncertainty occurs from the parameters m%
(i =e.g.m, K):

m2 Mz

mw — ™ K —
M0 = Tmutmy)’ MO = mgtms




Wave Functions For B Mesons

W (e,b) = Npa2(1 — 2)Peapl—3(2E)2 — 5

where x is the momentum fraction carried by the spectator. Wg(x,b) is
normalised by:

/1dw\I!B(a;,b=O)= /B
0 2v/2N¢
15 wp = 0.2 GeV [] Our results are sensitive to
12.5) wpg. On the other hand, since
on = 0.4 GeV this wave function must be pro-
Wp(z) 7.5 B : _
| wp = 0.5 GeV cess independent, wpg are con-
2.5 strained by our analysis for vari-

0.05 0.1 0.15 0.2 0.25 0.3 , OUS modes.

Our present best fit value is:

wp >~ 0.4 GeV




B Meson Properties and B — ver Process

B — verv Process

e = [1The only hadron in the decay is the B meson, making
; ’ It easier to focus on the properties of W .
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Factorisation is shown in the framework of the QCD factorisation (BBNS):

B
Fherd(f ) = meBQu/OO dke P (ky) _ fBmpQu
YT 2v2E, Jo T kg 2E\p

In general, one can argue that Agp ~ Agcp and use Ag ~ 0.35 GeV.

We can evaluate \g by using Light-Cone QCD Sum-Rule!




Evaluation of wgi in Light-Cone QCD Sum-Rule

The Sum-Rule for the B — ~ form factor is written as:

_ 2.2
e—/\/TmeB 1 — 3 “0 —w/T

= — dwwe
mbEfy >‘B T E,y 0
where at the heavy quark limit, 7 and wq are related to the the Borel param-
eter and the continuum threshold as M2 — 2my,7 and sg — m3 + 2mywo.

Since the Sum-Rule for the statistic limit of the decay constant fSQtat =
fam?2,/my, is also known, we can write \g as:

B féUO dwae—w/T

- féuo dwwe=w/T

AB

Using the optimised values of the continuum threshold and the Borel pa-

rameter, which depend on the 7, = (4.22 4+ 0.08) GeV, we obtain:

Ap = 0.56 ~ 0.60 GeV — lwg = 0.48 ~ 0.51 GeV




Future Prospect

[1 Theoretical Test

The NLO calculation |is extremely important for pQCD approach. PQCD
collaboration has already started climbing this high mountain.

[IThe contributions from the chromomagnetic operator is now com-
putable!

[ Phenomenological Test
(] Use of pure annihilation processes such as B — DK 9(*)

[1 Test of nonfactorisable contributions by B — D& g



ar/a1 in PQCD Approach

Recent measurements indicate rather large value of a»> and
large imaginary partin as/a.

CLASS I: Color-Allowed Factorisable and Nonfactorisable — a1
Q0 7'('

b \/ ?L g
B % (*)B % DB D) g | D)

(a) "(b) %)

CLASS IlI: Color-Suppressed Factorisable and Nonfactorisable — a»




Numerical Result on B — Dm Mode

Amp Cp=0.6 Cp=0.8 Cp=1.0

fréext 6.90 7.46 8.01 — CLASSI factorisable

foint —1.44 —1.44 —1.44 — CLASSII factorisable
fg€exc | —0.01 — 0.03¢ | —0.02 — 0.03¢ | —0.02 — 0.03¢ | — Annihilation factorisable
Mext | —0.24 4 0.577 | —0.25 4 0.60¢ | —0.27 4 0.65¢ | — CLASSI non-factorisable
Mint 3.34 — 3.02: 3.22 — 3.07: 3.10 — 3.127 | — CLASSII non-factorisable
Mexc | —0.26 —0.897 | —0.31 — 0.95: | —0.37 — 1.02¢ | — Annihilation non-factorisable

Amplitude in units of 1072 GeV. Cp is a parameter entering to the wave
function of D meson, which can be determined by the semileptonic B —

Dlv process.



Numerical Results on B — D*(w, p,w) Modes

Quantities Cp=20.6 Cp =20.8 Cp=1.0 Data
B(BY — DT#x) 2.37 2.74 3.13 3.0+ 0.4
B(B° — DY%70) 0.26 0.25 0.24 0.29 + 0.05
B(B~ — DY%™) 4.96 5.43 5.91 5.3+0.5
las/a1] (W/o anni.) 0.47(0.51) 0.43(0.46) 0.39(0.42)

Arg(as/aq) (W/o anni.) | —42.59(—61.59) | —41.6° (—63.59) | —41.99(—65.39)

Quantities Cp=0.5 Cp+ = 0.7 Cp+ = 0.9 Data
B(BY — D*t7x) 2.16 2.51 2.88 2.76 +£0.21
B(B° — D*0709) 0.29 0.28 0.27 0.17 + 0.05
B(B~ — D*9x™) 4.79 5.26 5.75 4.60 + 0.40
las/a1]| (w/o anni.) 0.52 (0.55) 0.47 (0.50) 0.43 (0.47)

Arg(as/aq) (W/o anni.)

—40.5° (—61.4°)

—40.7° (—63.1°)

—40.8° (—64.8°)

Branching ratio is in units of 10—3.




Branching ratios Cp=06 | Cp=08| Cp=1.0 Data
B(BY — DTp™) 5.31 6.16 7.06 7.8+ 1.4
B(BY — DY) 0.15 0.15 0.15

B(B~ — DY) 8.74 9.85 11.0 13.4+1.8
B(BY — DY) 0.14 0.14 0.14

Branching ratios Cp+=05|Cp«=0.7| Cp+=0.9 Data
B(BY — D*Tp7) 4.89 5.67 6.51 73+15
B(B° — D*0,9) 0.41 0.41 0.42 < 0.56
B(B~ — D*0p™) 10.53 11.72 13.02 155+ 3.1
B(BY — D*0w) 0.69 0.71 0.75 < 0.74




Conclusions

PQCD approach is one of the most promising attempts to go beyond
the naive factorisation approximation.

We emphasised the importance of the annihilation diagrams, which
produce a large strong phase through Os .

We showed our result for the CP asymmetry in B — wtx—. Our
predictions | P/T = (0.23'_"8.'857) and dp — 6 = —41° ~ —32°| ac-
companied by the Babar result determine ¢, = 55° ~ 100°.

We discussed the theoretical errors in our calculation, which is mainly
caused by the parameters in distribution amplitudes of mesons.

We showed that our best fit value of the parameter characterising B
meson, wg ~ 0.4 is comparable to the latest Light-Cone QCD Sum-
Rule result.



