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Effective Hamiltonian of Six-Quark Operators

Four-quark operator effective Hamiltonian

10
Her = 2 52 X5 | G 0f ) + G0 ) + Y- GO0 | + e
g=u,c i=3

where A§ = Vi, V3, are products of the CKM matrix elements, C;(u) the Wilson
coefficient functions, and O;(u) the four-quark operators
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Effective Hamiltonian of Six-Quark Operators

Motivation of six-quark

@ Meson:

@ B decays to two light mesons:
Three quark-antiquark pairs;

© Leading order:
One W boson and one gluon exchange;

@ The four quarks via W-boson exchange can be regarded as a local four quark
interaction at the energy scale much below the W-boson mass, while two QCD
vertexes due to gluon exchange are at the independent space-time points, the
resulting effective six quark operators are hence in general nonlocal;
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Effective Hamiltonian of Six-Quark Operators

Six-quark operators

Figure:
Four different six-quark diagrams with a single W-boson exchange and a single gluon exchange

For example, the operator corresponding to the second diagram can be written as:

4 4
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Effective Hamiltonian of Six-Quark Operators

@ The full operators of six-quark shall sum over the four
diagrams:

0(6) — ZO

@ Actually, the initial six quark operators Oc(,?)(j =1,2,3,4) can
be obtained from the following initial four quark operator via a
single gluon exchange:

O = (G2l1q1) * (Gal293)
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Effective Hamiltonian of Six-Quark Operators

The possible six-quark diagrams at one loop level
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Effective Hamiltonian of Six-Quark Operators

When ignoring the diagrams, we arrive at an approximate six quark operator
effective Hamiltonian as follows:

4
M = 5T NG00 + oy )

+Z>‘ D Ci()0f%) (1)} + he. +.
i=3

with:
0°) ()i =1,2,3,4)

are six quark operators which may effectively be obtained from the corresponding four
quark operators O;(u)(i = 1 — 10) at the scale p via the effective gluon exchanging
interactions between one of the external quark lines of four quark operators and a
spectator quark line at the same scale p.
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QCD Factorization based on effective six-quark operators

From six-quark operators to hadronic matrix elements

For example, we examine the hadronic matrix elements of B — 7070 decay for a
typical six-quark operator O,(_SL):

// d*k d*p e*f((xlfxz)PJr(Xz*Xs)k)i 1
(2m)* (2m)* k2 p2 —m?
[di (x2) (B + ma)y” Ty (1 —+°)bi(x1)]

[d(x1) v (1 = )l (x1)][dm(x3) 7w Tl (x3)],

6)

which is actually a part of the six quark operator quz

in the effective Hamiltonian. Its
hadronic matrix elements are the most abundant for B — 7%7% decay.
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QCD Factorization based on effective six-quark operators

Reduction of hadronic matrix elements

Its hadronic matrix element for B — 7070 decay leads to the following most general
terms in the QCD factorization approach:

MG, (Brr) =< 7070 | OEGL) | B >

- // d*k  d'p e—i((X1—X2)P+(X2—X3)k)i 1
(2m)* (2m)* k2 p?—m?

<7070 | [di () (B + ma)y” T (1 —°)bi(x1)]

[d(x0 ) (1 = 7°)dj(x1)][dm(xs )7 T da(x3)] | Bo >

_ 001 0(2 o3 o(4
:MLL( )+MLL( )+MLL( )+MLL( )7

Mﬁ(i)(i =1,2,3,4) correspond to the four different diagrams of reduction:

Figure: Different ways of reducing hadronic matrix element by QCDF
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QCD Factorization based on effective six-quark operators

Explicit structure of McL

For example, the expression of MLL(I) is as follows:

d*k p 1
o) _ —i((x1 —xp)p+(x2 —x3)k) 2 Ta
Mg // T 27r)4 e 1—x2 2—x3 k27(p2 — ms) Ti Toon

[(B+ md)’)’ 'YM(]- - )]prr['Y;L(l - 'YS)]aB['YV]WMBifn’Y(XlaX3)Mﬂii(x3vXZ)Mﬁia(lexl)v

with:
Mg (xi, %) = <0 aaw)bﬂ(x,-) | B°(Ps) >
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_ iFr & 1 —i(x Pxi+(1—x)P x:
Mo (%) = <7r°(P)|d$<xJ-)d£(x,->\o>:’TA’,""/ de e PIHITITIMI? (x, P),
c 0

with Fyy (M = B, ) the decay constants. Here MS*(u, Pg) and MZ%(x, P) are the
spin structures for the bottom meson and light meson 7 and characterized by the
corresponding distribution amplitudes.
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QCD Factorization based on effective six-quark operators

After performing the integration over space-time and momentum, the amplitude is
simplified to be:

1 1 1
MG, (Brm) =< x°7° | 09 | B, >:/ / / du dx dy
0 0 0
(1)
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{ 1 MLL 4 MLL ]
(uPF —(1—x)P1)2" (PL—uPE)2—m2 (1—x)PL+yPr—uPE)?—m?
®3) 4
1 M M

LL ]}7

+
(xP1+ (1 - y)P2)? [(X Pi+P2)2—mi  (xP1+(1—y)P2—uPg)?—m?
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MY = D Fe FRTMa(u, Pe) Ma(x, P (P u P ma)(1 = 7))

Cr

THlMx(y, P2)7# (1= 97)] = i
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where M{il_)(i = 1,2,3,4) are obtained by performing the trace of matrices and
determined by the distribution amplitudes.
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QCD Factorization based on effective six-quark operators

Four kinds of diagrams
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Figure: Four types of effective six quark diagrams lead to sixteen diagrams for hadronic two body
decays of heavy meson via QCD factorization

The first diagram is known as the factorizable one, the second is the non-factorizable
one and color suppressed. The third is the factorizable annihilation diagram and
color suppressed, and the fourth is an
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QCD Factorization based on effective six-quark operators

Independent terms

The effective four quark vertexes concern three types of current-current interactions:
(V—=—A)x(V—A)or (LL), (V—-A)x(V+A)or (LR), (S§—P)x(S+ P) or (SP).
Therefore, there are totally 4 X 4 x 3 kinds of hadronic matrix elements involved in the
QCD factorization approach, while only half of them are independent with the
following relations:

M = T;;La, M2 = TL:LE/NC; M3 = Az’/_a/NC, Mz = 0
Mf,f = TLFRa; Mié" = Tgp,/Ne; My = Aﬁ’a/NC' Mff? = 0;
wih = T Mg = ThoNe M = AN M =0
Mﬁ = T&Lb; Mf;é = T[,/Nc; Mﬁ% = A'ELb/Nc; M% = 0;
Mzbfl? = TL,!Rb? M%’é" = pr/NC; M%@ = A b/Nc; M%f‘? = 0;
Mg = T, Msp = T%?b/NC? Mgp = Ag/Nci Mgp = 0
M = 0, M = T%Q/NC; M3 = AH_B/NC, Mg = AZLQ,
Mf,l? = 0; Mf§ = T.?\/Pa/Nc; Mip = Aﬁ_Pa/NC' Mﬁ; = A;:Ra'
I B .
= ' L = b/ NCs L = b/ NCs L = Lb
Mfli = O; Mzé = T&Lb/Nc; MI;L% = Ak/_b/Nc, M;Lﬁ = Iin;
Mé = 0; M& = Tlp/Nei M = Alg/Nei Mi = Agp,
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Treatment of Singularities

Treatment of Singularities

There are two kinds of singularities in the evaluation of hadronic matrix elements:
o Infrared divergence of gluon exchanging interaction

@ On mass-shell divergence of internal quark propagator

Py — %(rﬁr +n7)

Mp
V2

ki =u*En~

Figure: Definition of momentum in B — My M, decay. The light-cone coordinate is adopted with
(nt, 07, kL)
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Treatment of Singularities

Treatment of Singularities

© Quark propagator
Applying the Cutkosky rule to deal with a physical-region singularity of all
propagators, the following formula holds:
1
p? — m2 + ie

1 .
= P[p2 — m?j —ind[p? — mf,]7

which is known as the principal integration method, and the integration with the
notation of capital letter P is the so-called principal integration.

@ Gluon propagator
We prefer to add the same dynamics mass for both gluon and light quark to
investigate the infrared cut-off dependence of perturbative theory prediction:

1 7g+mg - 1 A +1q

- — (q is a light quark).
k2 (p? — m32) (k2 — g +ie) (p? — pg + ie)

Here the energy scale jig, 1q plays the role of infrared cut-off but preserving
gauge symmetry and translational symmetry of original theory.Use of this effective
gluon propagator is supported by the lattice and the field theoretical studies,

which have shown that the gluon propagator is not divergent as fast as k%
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Treatment of Singularities

Applying this prescription to the amplitude illustrated in previous section, we have

1ol gl

MP, (Brr) =< 7070 | OEGL) | Bo >:/ / / du dx dy
0o Jo Jo
Mm@

1 LL
{(u PE — (L= x)P1)2—p2 + ie[ (PL—uPL)? — m2+ic
(2)
4 MLL ]
(1=Xx)P+yPs—uP})? — m2+ic
®3)
" 1 [ M,
(xP14 (1 = y)P2)2—p2 +ic” (x P1+ P2)? — m2+ic
(4)
MLL

I}

+
xP1+(1—y)Py— uP})2 — m2+tie
y B q
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Treatment of Singularities

For example, the explicit expression for the hadronic matrix element of the factorizable
emission contributions for the (V — A) x (V — A) effective four-quark vertexes:

1C 1 1 1
MMy = i ZE Ry Ry, FMZ/ / / du dx dy m%éu(u)
4 Nc o Jo Jo

{mB(Zmb — me)qﬁMl (X) + vy (2me — mb)

[$hs, (x) = i, O} bm, (¥) T (u, %),
The functions hF(u,x)TA arise from propagators of gluon and quark and has the
following explicit form:

1
(—u(l = x)mg — p2 + ie)(xm?, — m?2 + ie)’

Wiy (u, x) =
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Vertex Corrections

Nonperturbative Corrections I: Emission Diagrams

The vertex corrections were proposed to improve the scale dependence of Wilson

coefficient functions of factorizable emission amplitudes in QCDF. Those coefficients

Con_ . .
are always combined as Cop—1 + 2C" and G, + ZNCI, which, after taken into account

the vertex corrections, are modified to:

Cona( ) = Conmali) + 2200 + o) ¢ Qo) v, ()
Canlpa) + 220 1(u) — Canlit) + jgc L + 220 ¢ St v, ()

with n =1,...,5, My being the meson emitted from the weak vertex.In the naive
dimensional regulation (NDR) scheme, V;(M) are given by:

12In( ™) — 18 + 3 de ba(x) &(x) . fori=1-—4,910,
Vi(M) = —12|n(m")-‘,-6—f0 dx ¢a(1 —x)g(l —x), fori=5,7,
76+f0 dx ¢p(x) h(x) , fori=6,8,

where ¢,(x) and ¢p(x) denote the leading-twist and twist-3 distribution amplitudes
for a pseudoscalar meson or a longitudinally polarized vector meson, respectively.
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Vertex Corrections

To further improve our predictions, we shall examine an interesting case that vertexes
receive additional large non-perturbative contributions, namely the Wilson coefficients

a;=GC + ’icl are modified to be the following effective ones:

2t = G+ S )+ 2 TR ) + ), (=1-4.9.10)
a1 o = Gl + S ) + o) ¢ S (v () 4 Vo)), (1= 5-8)

The corrections Vl(Mz) and V2(M2) depend on whether the meson M, is a
pseudoscalar or a vector. It could be caused from the higher order non- perturbatlve
non-local effects. Adopting Vi(P) = 26e~ 3/, Vo(P) = —26, Vi(V) = 15e%', and
Vo(V) = —15e%5/, both the branching ratios and CP asymmetries of most

B — PP, PV,VV decay modes are improved.
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Vertex Corrections

Nonperturbative Corrections Il:Annihilation Diagrams

Most of the annihilation contributions are from factorizable annihilation diagrams with
the (§ — P) x (S + P) effective four-quark vertex:

+ppy)y(1 =)
AP1P2 M N/d d (#Pl 2 )
st M [ Y =Yy — 13 + i@ — ) — w4 70
—3(2x—1 1-
PlVZ(M) /dxdy (uP21 (2x - Jmv, /{ 2 ) 2 i)’
(1 —y)mg — pz +ie)((1 — y)mg — m3 + ie)

V1P2 » (_3(1_2X)mV1 _#Pg)y(l_y)
)~ [ ot e T it
AT 3(1 = 2x)(=my; +3(2x — 1)my,)y(1 — y)
Asp (M) /d Y@ =yl = w2+ iO)((1—y)m —m2 +ie)’

@ Since the contrlbutlons of these amplitudes are dominated by the area x ~Qor y ~ 1,
APIPZ(M) Pl V2(M) have the same sign, while A 1PZ(M) and AVlVZ(M) have a
different sign from AS},PZ(M)

@ As a result, we use the same strong phase for ASP},PZ(M) and APva( M)(67 ~ 5°), and
another one for AV1P2(I\/I) and AVlVZ(M)(Gf ~ 60°).
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Input parameters
Numerical results

Input parameters and numerical calculation

Input Parameters

@ Light-cone distribution amplitudes
@ CKM Matrix Elements,Decay constants etc.
@ Running scale, cut-off scale

@ Strong Phases
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Input parameters
Numerical results
Input parameters and numerical calculation

Light-cone distribution amplitudes

@ B meson wave function

For the B-meson wave function, we take the following standard form in our
numerical calculations:

1 2
o8(x) = Nx*(1—x)2exp|—= (Xm—B> ,
2 wp

where the shape parameter of B meson is wg = 0.25GeV/, and Np is a
normalization constant.
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Input parameters

Numerical results
Input parameters and numerical calculation

@ Light mesons

The light-cone distribution amplitudes (LCDAs) for pseudoscalar and vector
mesons are as below:

o twist-2
¢p(x, i) = 6x(1—x)[1+ > ar(u)C/%(2x - 1)],
n=1
dvinn) = 6x(1—x)[1+ Y a (0)C/*(2x - 1)],
n=1
pulap) = ex(1—x)[1+ > a V(W) (2x - 1),
o twist-3
¢P(Xr/") = 1, ng(X,/J,):ﬁX(le),
du(,p) = 3[2x—14 a3 (1)Pria(2x — 1)]
n=1
Pi(x) = 31-x,  é-(x) =3,
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Input parameters
Numerical results
Input parameters and numerical calculation

CKM Matrix Elements, Hadronic Input Parameters and Decay constants

As for the CKM matrix elements, we use the Wolfenstein parametrization with the
four parameters chosen as:

_ +0.023 _ +0.00083 - __ +0.035 - __
A=0.79875923 X =0.2252+0:90083 5 — 0141993 77 = 0.340 + 0.016

And the hadronic input parameters and the decay constants taken from the QCD sum
rules and Lattice theory are as below:

T+

TBy mp mp me my my
1.638ps 1.525ps 5.28GeV 4.4GeV 173.3GeV 4.2MeV 7.6MeV
me ms m_+ m_ o mg mpo mpi
1.5GeV 0.122GeV  0.140GeV  0.135GeV  0.494GeV  0.775GeV  0.775GeV
me, mg Myt Myc<0 2 K fy
1.7GeV 1.8GeV 300MeV 0.78GeV 1.02GeV  0.892GeV  0.215GeV
fg fr fx fo fuw fix fwT
0.210GeV  0.130GeV  0.16GeV  0.216GeV  0.187GeV  0.220GeV  0.151GeV
1. £r £r
K* ) P
0.185GeV  0.186GeV  0.165GeV
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Input parameters
Numerical results

Input parameters and numerical calculation

© Running scale
In our numerical calculations, the running scale is taken to be

n = 1.5+0.1GeV ~ \ 2/\QCDmb.

The scale of ais(p) in the six-quark operator effective Hamiltonian is also taken at
u=1.5GeV. Mass of b quark running to p =1.5+0.1 GeV is
mp(p) ~ 5.54GeV.

@ Cut-off scale
The infrared cut-offs for gluon and light quarks are the basic scale to determine
annihilation diagram contributions and are set to be j1ig = pug = 0.37GeV.
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Input parameters
Numerical results
Input parameters and numerical calculation

Strong phases

@ In general, a Feynman diagram will yield an imaginary part for the decay
amplitudes when the virtual particles in the diagram become on mass-shell,which
generates the strong phase of the process and the resulting diagram can be
considered as a genuine physical process.

@ The calculation of strong phase from nonperturbative QCD effects is a hard task,
there exist no efficient approaches to evaluate reliably the strong phases caused
from nonperturbative QCD effects, so we set the strong phase as an input
parameter in our framework.

o We adopt different strong phases of annihilation diagrams 62 in
B — PP, PV, VV decay modes respectively to get the reasonable results.
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Input parameters
Numerical results
Input parameters and numerical calculation

Numerical Calculation: Form factors

The method developed based on the six quark effective Hamiltonian allows us to
calculate the relevant transition form factors via a simple factorization approach. They
are calculated by the following formalisms

oM, _ Ama(p)Cr __Fuym
Ry = e d LT[ (B) (M, My = P),
cmpgFm,
Ama(u) Cr i m mZ(mg + my, )
VI = oy T ) gy (M1 M2 = V)
cm My (Mg — mugy mp, )
By _ Ama(p)Cr _Fvym
Ay = WTLL R(B)(My =V, My = P),
c
B _ Amo(n)Cr MM () mp (M1, My = V)
1 Ncm2‘,3f:/\//2 LL,// mMZ(mB =+ li)
with:
1 NZ -1
T = (Ties — Tie— Cr = ¢
LL, L 2( LL+ LL,—)s F T
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Input parameters

Numerical results
Input parameters and numerical calculation

Table: The B — P,V form factors at q2 = 0 in QCD Sum Rules, Light Cone and our work.

Mode | F(0) | QCDSR | LC | LC(HQEFT) | PQCD | This work
B K" | V 0411 | 0.339 0.331 0.406 0.277
A, | 0374 | 0283 0.280 0.455 0.328
A, | 0202 | 0.248 0.074 0.30 0.220
B—p v 0323 | 0.208 0.289 0.318 0.233
A, | 0303 | 0.260 0.248 0.366 0.280
AL | 0242 | 0227 0.239 025 0.193
B—w v 0293 | 0.275 0.268 0.305 0.206
A, | 0281 | 0.240 0.231 0.347 0.251
A, | 0219 | 0.209 0.221 0.30 0.170
Bor Fo | 0258 | 0.247 0.285 0.292 0.269
B—~K | F | 0331 | 0207 0.345 0.321 0.349
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Input parameters and numerical calculation

Amplitudes of charmless B Decays

Input parameters
Numerical results

Take B — 7w decay as example,the decay amplitudes can be expressed as follows:

ABY 5 ntr™) = Vg

4= PAT\'T\'(B) _ gAE7r7r(B)]

ABT = nta%) = ﬁ{vtd v [PER

A(Boﬁﬂoﬂ'o) = —

f
+2P; (B)+
+Vud
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w[PT"(B) +

7(B) + P& (B)] -

1
{=Via Vi, [PT(B) — PER/(B) —

PEW/"(B) + PE™(B) +2P37(B)
Vud Vap [T (B) + E™(B)],

aVip[ T77(B) + C"(B)]},

1

3PC”(B) + PE™(B)

A7r7r(B) 1 E7T7T(B)]

3

ub[*C”( )+ ETT(B)}
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Input parameters
Numerical results

Input parameters and numerical calculation

Totally,there’'re 11 amplitudes, which are defined as follows:

MM (M) = 471'(15(“) {[C1 +7C2( NT FMIMZ(M)
+Niccz( )TIMM2 (),

CMllvﬂ(M) = 47ra5(,u)%{[cz(u)+NLCCI(H)]TZMIMZ(M)
+NLC1(;L)TLA2M1M2(M)}7

PEE(M) = amas() 2 {1Go(0) + 3 Gl TL ™ ()

cm( )7, ”M1M2(M)+[cv( )+ lc G T2 (M)

+N—cs( ) T2 (M)},
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Input parame
Numerical results
Input parameters and numerical calculation

Numerical results for decays

Table: The branching ratios (in units of 107°) and direct CP asymmetries in B — 7K decays.
The central values are obtained at p1q = pg=0.37GeV.(Penguin dominate)

Mode Data[HFAG] This work
NLO+Vertex | NLOST NLO®T (—10°) NLO® (59) NLO®FF (20°)

BT o =KD 23.1+ 1.0 22.5 21.4 19.0 226 25.9
Bt — =0kt 12.9 + 0.6 12.8 12,5 11.2 13.1 14.9
B0 - x—kt 19.4 £ 0.6 19.2 195 17.4 20.5 233
BY — 0k0 9.8 4 0.6 8.3 8.4 7.4 8.9 10.2
Acp(m T KD) 0.009 + 0.025 —0.006 -0.006 -0.006 -0.007 -0.007
Acp(rOKT) 0.050 + 0.025 -0.053 0.012 0.003 0.018 0.034
Acp(r~KT) —0.098 4 0.012 —0.118 -0.139 -0.158 -0.131 -0.105
Acp(70KO) —0.01 + 0.10 —0.052 -0.139 -0.143 -0.138 -0.137

2OKs 0.58 + 0.17 0.699 0.760 0.768 0.756 0.745
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Table: B — 7, KK decay modes (Tree dominate)

Mode Data[HFAG] This work
NLO-+Vertex | NLO®T NLO®T (—40°) NLO®T (59) NLO® (50°)
BO & = at 5.16 + 0.22 7.1 6.5 6.00 6.6 7.6
Bt - xtx0 5.59 + 0.40 4.1 5.5 5.51 5.5 5.5
BY — 070 1.55 4 0.19 0.3 1.0 111 1.0 1.0
BT — KTKO 1.36 + 0.28 1.7 16 1.0 1.7 2.2
BO — KOKO 0.96 4 0.20 1.5 14 0.7 1.5 2.2
BY — KtK— 0.15 + 0.10 0.09 0.09 0.09 0.09 0.09
Acp(m— =) 0.38 + 0.06 0.206 0.266 0.239 0.260 0.141
Acp(ntx0) 0.06 + 0.05 —0.000 -0.001 -0.001 —0.001 -0.001
Acp(m070) 0.43 4 0.25 0.382 0453 0.272 0.485 0.789
Sn —0.61 4 0.08 —0.504 -0.506 -0.353 —0.524 -0.638
Acp(KTKD) 0.12 + 0.17 0.101 0.098 0.041 0.101 0.106
Acp(KOKO) —0.58 £+ 0.7 0.000 0.000 0.000 0.000 0.000
Acp(KTK™) - —0.184 -0.184 -0.184 —0.184 -0.184
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Table: The branching ratios (in units of 107%) and direct CP asymmetries in penguin dominated

B — PV decays

Mode Data[HFAG] This work
NLO+Vertex  NLOS¥ NLOST (—10°)  NLO®TF(5°)  NLO®T(20°)
BT — k*0rT 9.9+ 0.8 10.3 2.0 7.6 9.8 11.8
Bt — Kk*t 0 6.9+2.3 6.2 55 48 59 71
BY - k*— ot 8.6 £ 0.9 8.8 83 7.2 8.9 10.6
B0 — k*0,0 2.4 4 0.7 3.5 3.6 3.1 3.9 4.6
BT = ¢kT 8.30 & 0.65 9.3 6.9 5.6 7.6 9.6
BO — kO 8.3+ 1.1 8.9 6.6 5.4 73 9.2
Acp(K*0rT) —0.038 £ 0.042 —0.017 -0.018 -0.020 0.017 0015
Acp(K*Tx0) 0.04 + 0.29 —0.224 -0.123 -0.164 -0.103 -0.045
Acp(K*~nt) —0.23 4+ 0.08 —0.357 -0.355 -0.415 -0.327 -0.251
Acp(K*0x0) —0.15 + 0.12 —0.067 -0.125 114 -0.129 -0.143
Acp(oKT) 0.23 + 0.15 —0.022 -0.025 -0.028 0.023 -0.020
Acp(#K®) —0.01 £ 0.06 0 0 0 0 0
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Mode Data[HFAG] This work
NLO+Vertex  NLO®H NLO®T (45°)  NLO®T(60°)  NLO®T(75°)
BT = pTKO 8.0 + 1.45 5.2 7.1 7.1 6.8 6.3
Bt — Okt 3.81 + 0.48 3.0 33 28 26 24
BY - p—kt 8.6+ 1.0 5.4 6.2 73 73 7.2
B0 — p0K0 4.740.7 2.8 3.9 4.9 5.0 5.0
Bt — wkT 6.7+ 0.5 24 36 43 53 5.2
BY — wkO 5.0 4 0.6 19 3.2 4.1 4.8 46
Acp(pTKD) ~0.12 £ 0.17 0.016 0.013 0.014 0.014 0.014
Acp(pOKT) 0.37 4 0.11 0.635 0727 0,594 0463 0.285
Acp(p ™ KT) 0.15 4 0.06 0.605 0549 0.373 0.290 0.196
Acp(p°K®) 0.06 + 0.20 0.056 -0.136 -0.044 -0.015 0.015
Acp(wKT) 0.02 & 0.05 0.453 0.404 0.167 0.091 0.015
Acp(wk®) 0.32 + 0.17 —0.011 0.117 0.048 0.026 0.002

Ci Zhuang in collaboration with Su Fan, Charmless B to PP,PV, VV decays Based on the uark Effective Hami



Input parame!
Numerical results

Input parameters and numerical calculation

Table: Tree dominant B — PV decay modes

Mode Data[HFAG] This work
NLO+Vertex NLOS
default (—459,07) (459,07) (09,—459) (07,457)
BT = pTx0 10.9+ 1.5 12.0 13.9 14.2 135 13.7 14.2
Bt — pO0xt 8.3+ 1.3 5.2 7.4 7.0 7.8 7.2 7.4
BO — ptr— 15.7 4+ 1.8 19.6 17.4 16.5 19.1 175 17.4
B p—at 73412 6.2 6.5 6.5 6.5 6.1 75
BY — p0r0 2.0 + 0.5 0.2 13 1.5 1.2 15 11
BT o K*OkT 0.68 £ 0.19 0.6 0.3 0.3 0.3 0.3 0.3
B0 — k*OR0 < 1.9 0.6 0.4 0.2 0.8 058 0.1
Acp(pT70) 0.02 £ 0.11 0.255 0.199 0.196 0.133 0.195 0.131
Acp(p0nT) 018769 —0.308 -0.344 —0.330 -0.269 -0.309 -0.285
Acp(pTn™) 0.11 + 0.06 0.120 0.126 0.108 0.066 0.121 0.127
Acp(p~7T) —0.18 £ 0.12 —0.281 -0.282 —0.283 -0.281 -0.217 -0.176
Acp(p270) —0.30 + 0.38 0.058 0.187 0.112 0.381 0.258 -0.008
Acp(K*OKT) - 0.191 0.257 —0.342 0.205 0.112 0.837
Acp(k*OK?) - 0.000 0 0 0 0 0

Ci Zhuang in collaboration with Su Fan, Charmless B to PP,PV, VV decays Based on the uark Effective Hami



Input parame
Numerical results
Input parameters and numerical calculation

Numerical results for decays

Table: Branching ratios for B — VV decay modes (in unit of 10~°%) which includes the
contribution of effective Wilson coefficients and effect of different strong phase 67 = 60° + 15°)
for annihilation diagram.

Mode Data[HFAG] This work
NLO-+Vertex  NLO®H NLO®T (45°)  NLO®T(60°)  NLO®T(75°)

BT — pTp0 24.0 + 2.0 13.4 16.8 16.8 16.8 16.8
BY = ptp— 24.2 4 3.1 22.3 19.8 217 223 27
B0 — p0,0 0.73 + 0.27 0.4 0.92 0.67 0.61 0.57
BT — k*0pT 9.2+ 1.5 16.2 14.0 9.6 8.3 72
Bt — k*t 0 < 6.1 9.9 9.0 6.4 56 5.0
BO — Kk*tp— <12 13.9 13.0 9.1 7.9 6.9
B0 — k*0,0 3.4+ 1.0 5.6 5.2 3.6 3.1 27
BT — K*Ox*+ 12405 0.9 0.8 0.6 0.5 0.4
B0 — k*0k*0 1.28 4 0.35 0.8 0.6 0.5 05 0.5
BY — K*tK*— <2 0.07 0.07 0.07 0.007 0.07
BT = ok*T 10.0 £ 1.1 19.4 15.2 10.9 95 8.4
BO — pk*0 9.8 4+ 0.7 18.7 14.8 105 9.2 8.1
BT - wk*T < 7.4 5.6 4.2 33 3.0 28
BY — wk*0 2.0 4 0.5 6.2 41 28 25 22
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Conclusions

@ Based on the approximate six-quark operator effective Hamiltonian derived from
perturbative QCD, the QCD factorization approach has been naturally applied to
evaluate the hadronic matrix elements for charmless two body B-meson decays. It
is shown that, with annihilation contribution and extra strong phase, our
framework provides a simple way to evaluate the hadronic matrix elements of two
body decays.

o For B — PP final states, our predictions for branching ratios and CP asymmetries
are generally consistent with the current experimental data within their respective
uncertainties, once the effective Wilson coefficients and annihilation amplitude
with small strong phase (02 = 5°) are adopted. Especially for the branching ratio
of B — 7979 mode, our result, although being still smaller than the data, is
consistent with that in QCDF.
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@ As for B — PV decays, similar conclusions are found. The exceptions here are
the branching ratio of p™7% and B — K*%70 modes, which are bigger than the
data. An interesting point should be noted that our predictions are also
consistent with the ones in QCDF. Since the current data on CP asymmetries
have large uncertainties in these modes, more precise experimental data are
expected to further test our framework.

@ In B — VV decay modes, we have shed light on the polarization anomalies
observed in B — ¢K™*, pK*, wK™ decays. It is noted that these anomalies could
be explained in our framework when considering annihilation contributions with a
big strong phase (82 = 60°). Moreover, the annihilation contributions with a
strong phase have remarkable effects on the branching ratios and CP
asymmetries, especially on the observables of penguin dominated decay modes.
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Discussions

Ci Zhuang in collaboration with Su Fang, Y.L.Wu, Y.B.Yang

It is noted that the method developed in this paper allows us to calculate the
relevant transition form factors. Our predictions(for B to light mesons form
factors) are consistent with the results of light-core QCD sum-rules and pQCD.

A complete six-quark operator effective Hamiltonian may involve more effective
operators from the type Il diagrams and lead to a non-negligible contribution to
hadronic B meson decays when evaluating the hadronic matrix elements of six
quark operator effective Hamiltonian around the energy scale

1~ +/2Ngcpmp ~ mc ~ 1.5 GeV where the nonperturbative effects may play
the role.

Through this approach, we find that the factorization is a natural result and it is
more clear to see what approximation is made(such as the Type Ill diagrams),
which makes the physics of long-distance contribution much understandable.

For the calculation of strong phase from nonperturbative QCD effects is a hard
task, and there exist no efficient approaches to evaluate reliably the strong phases
caused from nonperturbative QCD effects, they are treated as free parameters in
this frame work, and the values differ for different decay modes in order to get
reasonable predictions.
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Thanks for attention!
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