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‘HBrief review on PP,V P modes I

QCD Factorization vs. PQCD: (hep-ph/0207228, M.Beneke; hep-ph/0303116, H.N.Li)

Decay Mode Exp. Average Default fit (QCDF Fit2 (QCDF PQCD

y P g

B® — ntp~ 5.15 4 0.61 5.12 5.24 7.077%
Bt — gt 70 4.88 £+ 1.06 5.00 4.57 3.7718
B? — 7970 (2.07 £ 0.57) 0.78 0.94 0.3+0.1
B° — 7FK* | 18.56 4+ 1.08 17.99 18.47 5.5
BT — 'K+ | 11.494+1.26 12.07 11.83 9.1%12
B - 7*K°% | 17.93+1.70 15.65 17.88 17.34+ 2.7
B° — m°K?° 8.82 4 2.20 5.55 6.87 8.6+ 0.3

Table 1: (in units of 107%): The default fit (QCDF): v = 116° with x? = 4.5. “Fit2”
(QCDF):y = 97°, x? = 1.0 refers to a fit without annihilation contributions and chirally
enhanced spectator corrections but with ms = 80 MeV. PQCD predictions for the B —

7 and K7 branching ratios in unit of 107% with ¢35 = 80°.

QCDF: annihilation effects are probably not large in PP modes, yet they
constitute the largest uncertainty in the calculation of this amplitude.

PQCD: dynamical penguin enhancement (to Brs) + imaginary annihilation
penguins (to ACPs)
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‘H Problems in QCD factorization approaches I
(

» The recent QCDF fitting result (by D.S.Du et al) hints that, to account
for the large WK rate,

the annihilation contributions to modes ¢ K%, K~ p", wK " may be over
80%.

» In case the annihilation effects dominate in Brs of B — Kh*,
experiments should observe a simple relation among these modes, for
instance pt K0 : pPK =0 : K0 = 1:(1/v/2)?: (1/v/2)? : (1/v2)?,
the same as their annihilation ratios squared. It should be easily checked
from experimental measurements.

» Recently a global fit for all measured B — PV rates was performed by
R.Aleksan et al. They conclude that it is impossible to reach a reliable
best fit even considering the charming-penguin effects.

» Note that Charming penguin effects are shown to be negligible by A.
Khodjamiriam. T. Mannel and B. Meli¢
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|E Problems in QCD factorization approaches I
[

Two possible ways to solve the ratio problem for 777~ /7~ 7% < 1
(i) large v > 90°;

(i) a smaller form factor F’™ = 0.25 + large ratio as/a; (which is
parametrized in the analysis).

Beneke and Neubert (hep-ph/0308039) showed that
(i) together with m, = 80 MeV and ps = 1 is favored by the data.

4 They chose as(7m)/ay(wm) = 0.48/0.88, as(mp)/ar(mp) = 0.41/0.90.
But why?

4 Large as and small v are good for producing the large Kw rates.

4 oK Brs are sensitive to p4, the annihilation contributions. (H.Y. Cheng,
KCY)

However they obtained w_w/FOw ~ 8.4/4.9 ~ 1.7, but the data is ~ 1
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‘Can we understand why wK /wm ~ 17 I

4+ Data (in units of 1079):

BaBar

B(B* —» wK*) = (5.0 4+ 1.0+ 0.4)
B(B? —» wK®) = (5.3+1.340.5)
B(B* — wr®) = (5.44+1.0£0.5),
Belle

B(B* — wK*) = (6.7713 +0.6)
B(B° — wK") = (4.0 12 £0.5)
B(B* — wr®) = (4.2128 £0.5),

4 Theoretical results (in units of 107°):
(Generalized) factorization: Nc=2~3:
wrt 11 -5, wK*:09—-1.5,wK?:0.6 —0.3
wK /wn® < 0.2 by Cheng et al. (< 0.5 by Ali et al.)
Earlier QCDF calculation:
wrt 6 —7,wK* :0.4—0.5,wK? :~ 0.01 (D.S.Du et al)
= wK/wrt < 0.1
PQCD: wr™ : 84 2 for v = 75° — 180° (C.D.Lu & M.Z. Yang)
wK*: 3.2, wK° ~ 2.2 (C.H. Chen)
= wK/wrt < 0.5
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theoretically, why the ratio wK /wr is small?

M(B™ -7 w) =~ Grmu(e-pr) (fﬁA(])g_’w(mi) {VisVagar — Vo Viglas — asry) }

—TT * * 1
+ [ FTTT(ml) (Vi Vigaz =V Vi [a4+2<a3+a5>+§a9”)

M(B® = K%)= Grmu(e: px)|=fxAB ™ (o) Vs Vis (as — acry)

— * * 1
+  fuFPTR(ml) {VUqusa2 — Vo Vis(2(az + as) + §a9)H
_ _ B—w 2 * * K
M(B™ - K w) = Grmy(e - pr) [fKAO (mx) {VuViusar —ViVis(as — aery )}

R ) \ 1
+ fo T (ml) {Vubvusag — Vi Vi (2(a3 +as) + 5ag) H .

2
QmK

~ 1,

T o~ K

a2; = C2i + C2i—1/Ne,a2i—1 = c2i—1 + c2i/Ne

a1 ~ 1, a4 =~ —0.0041 — 0.00367, ag = —0.0548 — 0.0036

4w is not small and tree dominated o a;. --+ Annihilation is
negligible.

4 wK: should be small because a4, ag terms are destructive
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The ratio Fow/w_w reads

as — agr + (FPX £) ) (FE™ fx)ras/2 + i ficbs (], w) |

2 (fK)2
fr

where ry = f,FP™/ f. AB~.

a1 + ri1a9

o . —0
are opposite in sign, the ratio K w/7m~w should be very small.
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. T G . —0 .
Without annihilation contributions, because in the K w amplitude a4 and agrf terms

4 Choosing smaller m can enlarge the ratio but it is still < 0.2 for ms 2>

4+ QCDF:VP modes may be dominated by annihilation contribution (fit by D.S.Du et

al.) but this possibility seems to be ruled out in the recent fitting analysis in which
CL < 0.1%(by R.Aleksan et al.)

4+ PQCD cannot offer the explanation. the annihilation contribution, bs, is imaginary.

4 Can the contribution arising from tree-parton distribution amplitudes (DAs) of the
final state mesons improve the results?

Answer is YES.
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|3-parton distribution amplitudes I
®y
*ﬁb— &) e

=0

Fy

M(B™ —wr w) = -+ Grmu(e pr)fuli " (md)(VasViger — VisVia(2ca — 2c6 + c3)) f3
M(B® = K'w) = -+ Grmu(e pr)ful N (md) (Vs Viser — Vis Vis(2ca — 2c6)) f3

V2 _ _ 4 o, = ~ _
f3 - <W7T |01‘B >qqg:_agm%FFW(m£)pw<ﬂ ‘d’yuf}/5gsGaub|B >

m%wale(ma)

= 0.12

October 6, 2003 Subleading Corrections to 2-body Hadronic B Decays (page 8) Kwei-Chou Yang
ICFP 2003 Chung Yuan Christian University, Taiwan



(

4 Result:in units of 10~

(We have adopted LC sum rule results for form factors but with A5~ = 0.28)
10.

Sl

Br(B » wn™, wK)

0° 90° 180° 270° 360°
Y
For v =~ 90°, wn™® ~ 5.5 (dashes line), sensitive to AZ~,
wK¥* =~ 4.5 (solid line)
wKY ~ 4.3 (dash-dotted line),
4+ Data: B(BT — wr®t) = (5.9+0.9)
B(B* — wK*) = (5.3 +£0.8)
B(B° — wK?) = (5.14+1.1)
Note that
(i) without the contributions from 3-parton Fock states of mesons,

qbK‘,mr‘,wK‘,w?o ~ 11,3.9,3.1,2.9. The 3-parton Fock state effects give
constructive contributions to wm, wK modes, but destructive one to the ¢/ mode;
(i) the annihilation parameter can be determined from the fit of /K Brs ~ 8.5 x 107°.
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To(p,q) = i / d'ze™* (17 (q)|d(2)gs Gap () ¥ v5b(x) b(0)iysu(0)[0)
- Dbls ! (77 (@)|dy"759sGanb| B~ (p+q)) + - -+

my, mj — (p+q)?

(17 (q)|dv"¥595sGapb| B~ (p + q)) = paf= (D7) + (Pa + 24a) f+(p°)

Under the Borel transformation —(p + q)* — M?, the final sum rule takes the form

1 % 2 2 _ 2 2 2
2y _ 2y _ _ My mp My —up My =P
f—(p ) = f—i—(p ) szBfB . du . do‘g eXp(MQ uM2 )@(u 50 — p2 )
il —
X f37‘r ¢37r + fTr (¢|| — QQM)]

= f+(w?) = —(0.057 £ 0.005) for Borel window: 9 GeV? < M? <20 GeV?
(so ~ 37 GeV?: the threshold of resonances)
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(m(q) |J($)gs Gy (Ux)0a675u(0) |0)

= if3rlep(qugre — wna) — 4a(qugvp — @ gup)] / Da pgrel1(@atvag)

(m(a)|d(2)YugsGap(vz)u(0)|0) = ifr (dagpy — dp9an)

% /'Doz (;Leiqa:(ocd+vag) _ ifﬁq—u(qaxg _ Qﬁfﬁa) / Do ((/5” + (;L)eiqm(ad—i—vag) _
qx

where éaﬁ = %eaﬂgTG‘” and Da; = dajdasdaszd(l — ar — a2 — as). While ¢3,(ay) is a twist 3
wave function, the remaining functions ggl and (EH are all of twist 4.

1
P3x () = 360adaao¢3 1+ w1,0§(7ag —3) + w2,0(2 — dagog — 8ag + 8043)
+ w1,1(8agom — 204 + 3043) ,

b1 (o) = 3052043(1 — ozg)[% + 2e(1 — 2a4)] ,

~ 1
o (i) = —12052adaaag[§ +e(1 — 3ay4)] -
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f—(m?). Here u = ag + ay.

fo(m2) = fol du [ dagAy  with M?=10 GeV2. The volume in the plot is equal to

In 7=, the averaged gluon momentum fraction is:

a; = (fol du [ dog x agAy, )/ f1 ~0.23;

the averaged momentum fraction of gluon + d quark:
u = (fol du [ dag x uAy,)/f1 ~0.83.

= to this order the gluon and d quark can account for 83 % momentum fraction of the
final state 7= meson.
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| Impact of the subleading corrections I

1 gz ®g (@)
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| Impact of the subleading corrections I
(

Effective coefficients a>= with the subleading corrections for PP,V P modes:

ay; = ag+ [+ (—1)%F ey f3/2,
ayiy = agio1 A+ (=1)% ey fa,
where 1 = 1,---,5, and ¢; are Wilson coefficients defined at the scale

pn = /A ymp/2 ~1.4 GeV with A, the momentum of the emitted gluon.

Table 2: Values for a; for charmless B decay processes without (first row) and with
(second row) 3-parton Fock state contributions of final state mesons, where a3_1¢ are in
units of 10~% and the annihilation effects are not included.

al an as a4 as aes
1.02 4- 0.014¢ 0.10 — 0.082 26 + 261 —328 —917 1.2 —-30c —487 — T2
0.974 +0.014:z 0.25—0.08: —55+4+267 —291 —91: 112 —30¢ —487 — 72

Note that
(i) 3DAs give significant corrections to as, as, as, i.e., they are important in
consideration of color suppressed modes and decay channels with singlet meson(s).
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| Impact of the subleading corrections I

4+ B — J/¢K Decay
A(B — J/YK) = SEVaVias fyyma PR (m3),)(2e* - p),

(

4 extraction from the data,

as| ~ 0.25 — 0.3
+ U= a2 + ¢ x fy = 0.10 4 0.05¢ + ¢; (11)0.14 = 0.27 + 0.05:

4 This solves the long-standing sign ambiguity of as(JJ/¢ K) which turns
out to be positive for its real part. Note that if Re(ay) were negative,
f3 would have to be ~ —0.3 which in turns would lead to
)oK ~ 20 x 1076,

i) wr™,wK ~1x107% and
iii) too small Brs of K*n, Kn/!
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| Impact of the subleading corrections I
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4+ If 77(/) iIs emitted, we have the correction
az + as = (cq + cg) x 0.12 4 a3PAS 4 q2PAs
4 With (without) the subleading corrections, K7 2 Fon’ ~ 55(35), and
K*n> F*On ~ 24 (20), in units of 107%, where X** is set to be 0.
+ Aty =90° we have K p°, K—pt, K p=, K—p° = 6,7,7,2 (x10~5), and
Kt K*%O,p n,p~n =9,2,6,4 (x10-6).
4+ QCDF without 3DA contributions (Du et al; Beneke, Neubert):
ptK=0: pPK=0: WK%~ 1:(1/v2)?:(1/v2)?
+ PQCD (C.H. Chen): K p° K—pt, K p=, K—p° = 2.5,5.4,3.0,2.2 (x 10~9)
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|Summary I

4 Including the Ky, corrections we obtain as(J/¢YK) =~ 0.27 + 0.057 which is well
consistent with the data. The sign of Re(as) turns out to be positive.

4+ With (without) 3-Fock state corrections,

as = —55 + 26 (26 + 26i), as = 112 — 30i (1.2 — 30i)

For v = (60 — 110)°, wr—,wK~,wK  ~ 6.0, (6 ~ 5),5.1 x 10~

With (without) the subleading corrections, K7’ 2> Fon’ ~ 55 (35), and

K*n2 F*On ~ 24 (20), in units of 107%, where the annihilation contribution of
the K'n’ modes is chosen to be 0.

At v = 90°, we have K*‘W*,F*OWO, pn,p 1 =9,2,6,4 (x107°).
+ This work: KO K pt K p K- p°=6,772x105
Fopo/wl{_ % 1, sensitive to .

+ +

4

4 PQCD by C.H.Chen: K p°, K—pt, K p—, K—p° = 2.5,5.4,3.0,2.2 x 10~6.
4+ QCDF (Du et al; Beneke, Neubert):
Fopo : K~ p* :Fop_ K= p0 = (1/v2)%2:1:1:(1//2)?
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‘EBrief review on PP,V P modes I

(

Table 3: (in units of 10_6), ~v = 70°. The first error: parameter variations, the second

one:the uncertainty due to weak annihilation. The “default” refers to ms, = 100 MeV

and F2 = 0.
Mode Default ms = 80 MeV F>, =0.1 pQCD Experiment
B- K n | 427500 | 5052k | 56 g5 7.6+ 46
B° — K%/ il S R SGRET A 41 60.6 + 7.0
B~ — K n | L755T00 | 22750 08 | 1475705 3.1£0.7
B® — K% LOtTo oL | 1at3atis | 07ty stos 7.0 < 4.6
B~ — Kr® | 94%33435 | 126733452 | 9.4%i3+00 t28= 11
B° — K°x° | 5.903751% | 851574558 | 5.905711% 11 11.2+ 1.4
B™ — K* /| 35757700 | 7.7 ESTEL | 2.7 5T < 35
B° — KOy | 25735443 | 63785404 | 12420452 <13
B- — K*™n | 861555100 | 13855 7 | 9155500 25.4+5.3
B~ K0y [a780ndl | 13ouitnds fo,ribnds 16.4:£ 50
B- — K*~ 2% | 321117085 | 33515758 | 3281108 | 28715 £0.0 < 31
BY - K0r0 | 074050 | 07 050 | 07 0506 | 3255505 | <35
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|EGIobaI fit with QCD factorization I

[By D.S.Du,J.F.Sun,D.S.Yang,G.H.Zhu using the CKMFITTER package

Table 4: “No chiral”: neglecting the chirally enhanced hard spectator contributions and
the annihilation topology. The branching ratios are in units of 107°.

Mode Tt w0 Ktn— KtxY KOz
Expt. 4.774+054 5784+095 185+1.0 12.7+1.2 181+1.7
Best fit 4.82 5.35 19.0 11.4 20.1
No chiral 5.68 3.25 18.8 12.6 20.2
Mode mO KO nmwT PE=s oot np™
Expt. 10.2+1.5 < 5.2 25.4+ 4.3 8.6 2.0 < 6.2
Best fit 8.2 2.8 26.7 8.9 4.6
No chiral 7.3 1.8 29.5 8.5 3.8
Mode oK™ oKV KTp~ wKk?Y

Expt. 8.9+1.0 8.6 1.3 13.1 +4.7 59+1.9

Best fit 8.9 8.4 12.1 6.3

No chiral 7.1 6.7 5.1 1.2

Best fit values: |Vyp| = 3.57 x 1073, v = 79°, FB™ =0.24 772, AJ'? = 0.31, ms = 85 MeV,
p =25 GeV, fg =220 MeV, pi" = 0.5, L7 =10°, piV =1, 5|V = —30°. As to FBX, there is
no strong constraint ?? and the range [0.24,0.30] is acceptable from the current global analysis.

G
M(B~ -7 %) = _z'?Ff,rFOB%(mi)(m% — m?2)

™

3
X {VubVJd(m + a2) — Vi Vi X §[a9 + a0 —a7 + GST;]} :
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