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Motivation

Why studies B — K*(Xs)¢*¢~

@ B — K*/T(~, Xs¢T¢~ depend mainly on Qz, Qg_10.

L L N

Q74 Q9,10
Q7y = — L350+ (1 + 45)bF ., Qo,10 = = (Sb)v _aly* st

@ Forward-backward Asymmetry

dArg 1 ! d2r d2r
dg?2  dr/dg? (/0 dcos? dg2d cos 6§ / dcosequd cosf

@ Determining the sign of Cq9/C7 = SM or NP

@ Zero-point of the FB asymmetry: AFB(qS) = 0, almost free of
hadronic uncertainties [Burdman1998, Ali et al., 2000]

@ Combining with B — K*~, Xy = information on the magnitude
of Ci = SM or NP
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Motivation

B(B — K*(T¢™) = (16.5723 £ 0.9+ 0.4) x 10~ (Belle)
=(7.3729+1.1) x 10~ ' (BaBar)

g @ Solid: C7,C9<0 C10>0
%-z of @ Dashed: C7,C9>0 C10<0
- P @ Dotted: ...
CEpeeibaidatdd o Dotdashed: ..
q° GeV/c
FB asymmetry (Belle06) )

@ Exclusive decays: complicated hadronic dynamics
@ Large recoil = SCET

@ SCET only valid in the region g2 < 8 GeV?
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B — K*¢"¢~ decay SCET Factorization Phenomenology

Why needs effective theory

@ Uncover the hidden symmetry

@ Heavy quark spin symmetry in HQET
4 B — D™ form factors = Isgur-Wise function
@ SCET: 10 B — P,V form factors = (p, (||, (1.

@ Simplify the factorization proof, to all orders of as.
@ Power corrections can be treated in a systematic way.

@ Sudakov double logs may be resummed by solving RGE in
effective theory.
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B — K*¢"¢~ decay SCET Factorization Phenomenology

Basics of SCET

@ Applicable to any QCD processes which contain collinear
meson or jet, i.e. P2 <« Q2, in the final states.

@ For B — K*¢*¢~ decay, in the region 1 GeV* < g2 < 8 GeV?
P{. =(2.34,0,0,2.16) GeV [q2 = 4 GeV?]
@ Light-cone vectors n* = (1,0,0,1), n* = (1,0,0, —1),
satisfyingn?=n?=0and n-n = 2.

p~ :np%+ﬁp%+Pu :(P+aP77Pl)NE()\2’1’)\)

@ power counting and expansion in A, A ~ ﬁE@ :
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B — K*¢"¢~ decay SCET Factorization Phenomenology

Effective fields of SCET

Hard mode (h)
P ~E(1,1,1), integrated out in QCD — SCET,

Hard-collinear mode (hc)

P ~ E(\ 1,V)\), integrated out in SCET, — SCET,,
ghc s \/X AhC ~ ()‘a 17 \/X)

collinear mode (c)
P ~ E()?,1,)), long-distance mode, & ~ A Ac ~ (A%, 1))

soft mode (s)
P ~ E(\ A\ )), long-distance mode,  gs ~ 232 Ag ~ (M )\, ))
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B — K*¢"¢~ decay SCET Factorization Phenomenology

The factorization formula in SCET

(Ka*[i_g_ |Heff |B> :TI( Z)Ca(qz)"i'

1
S [Tt [ ek @mona

where a =||, L denotes the polarization of the K* meson

@ formally coincide with the formula in BBNS
[Beneke/Feldmann/Seidel2001], but valid to all orders of «s

@ for T" the logarithms are summed from p = my, to v/mpAy

@ Compared with BBNS, the definition of ¢, | is also different here

ot
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B — K*¢"¢~ decay SCET Factorization Phenomenology

SCET operators J*

2D (s o

Q16 Ql 6 Q16
(a) (¢)

b @ s b Qé s b Qs s

(d) (e) (f)

b Qs s b W s b Qu 5 X CJ_ ||(q2)

Crossed circles: the locations where the virtual photon is emitted
(a)-(d): calculated in B — Xs£€~
(e)-(i): Form factor analysis
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B — K*¢"¢~ decay SCET Factorization Phenomenology

SCET operators J°

O e O O

Qi-6 Qi-6 Qi-6
(a) (b) (c)
b § 5 b E s b \\// s
&
Q7 Qs Q9,10

(d) () (£)

Crossed circles: the locations where the virtual
photon is emitted. The crosses mark the possible
places where a gluon line may be attached.
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B — K*¢"¢~ decay SCET Factorization Phenomenology

SCET operators J°
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B — K*¢"¢~ decay SCET Factorization Phenomenology

SCET operators J©

Full QCD: photon from spectator quark

b o b Q S b Q16 s
|
g
J
3
q q )
Q- 9 e 9 q q.®§.q
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b s b s b Q16 s
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5
q q d
q g q q a
Q16 9 & &

(d) (

©
B

Crossed circles: the locations where the virtual
photon is emitted. The last 3 diagrams are 1/mj
suppressed.

Guohuai Zhu 27 ¢~ decay in soft-collinear effective theory
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B — K*¢"¢~ decay SCET Factorization Phenomenology

SCET operators J©

Full QCD: photon from spectator quark
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Crossed circles: the locations where the virtual
photon is emitted. The last 3 diagrams are 1/mj
suppressed.
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B — K*¢"¢~ decay SCET Factorization Phenomenology

RGE of SCET,

hard
QCD = SCET, --» SCET, = SCET],
my, RGE

(K*(p)|XncTh[B(V)) = —2EC. | (E)tr [Mi- (n)F Ma(V)]

RGE unknown, but numerically J¢ contribution is very small,
irrelevant for Akg = minor impact on phenomenology

Guohuai Zhu B — K*¢1 ¢~ decay in soft-collinear effective theory



B — K*¢"¢~ decay SCET Factorization Phenomenology

RGE of SCET,

hard
QCD — SCET, --» SCET, — SCET,,
mp RGE

uh =4.8GeV — 1.5 GeVJ

e B
UT Q79,10 = 1’3
e B
Ul Qr,00 = J34
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B — K*¢"¢~ decay SCET Factorization Phenomenology

d2r G2|ViVil? faem\2 5 g2
— Me(1— )2
dqg2d cos ¢ 12873 (477) Mg Ak ( mé) .

q2
{220+ cos?0) 2 (0 P + (chop)-
B

9

8(Lcosa Re(C9 )Cio + ¢f(1 — cos 29)(Ica |2 + (C|o)2)}

® Re(Cy(05)) =0 = Ars(q5) =0

® (1 (9%) and |V Vy| dominant sources of uncertainties
ol 2m (C meB¢i®f¢*¢¢*®.ﬁ®C?)
° Gem ! 4 CL ’
2
Clo = —-C4

Oem
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B — K*¢7¢~ decay SCET Factorization Phenomenology

Soft form factors in SCET

Exp. in principle B — pfv + flavor SU(3) symmetry |

Lattice  not applicable to the region g2 < mg J

QCD sum rules

_ MB  \B—K*(42) _ ~A )
mB+mK*V (a%) = CY(E, 1)¢1(E, p) + O(as, 1/mp)

AT (02) = CRo(E, )G (E, ) + d8 ® Ty by ® CRo
()(0)=0.40+0.05 (,(0)=0.40+0.04
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B — K*¢7¢~ decay SCET Factorization Phenomenology

Soft form factors in SCET

Exp. in principle B — pfv + flavor SU(3) symmetry |

Lattice  not applicable to the region g2 <« mg J

QCD sum rules

& B—K*"(~2\ _ ~A 2
Mg +mK*V (%) = Cy(E, n)CL(E, 1) + O(ag,1/mp)

¢(0)=0.40£005 (,(0)=0.40+0.04 (. (0)=0.32+0.02

B — pv, plv also implies the overestimation of LCSRs )
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B — K*¢7¢~ decay SCET Factorization Phenomenology

Soft form factors in SCET

Exp. in principle B — pfv + flavor SU(3) symmetry J

Lattice  not applicable to the region g% < mg J

QCD sum rules

0.7 CL,H(q2) - 4
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B — K*¢7¢~ decay SCET Factorization Phenomenology

Input parameters

Branching ratios

Mw 80.425 GeV sin“fy  0.2312

mP°® (172.7+29)Gev | APL (217+23) MeV
ViVl (403£2.0)x 103 | aem(mp) 1/133

mg 5.279 GeV mP® 4.8 GeV

TR+ 1.643 ps TRO 1.528 ps
mc/mp 0.29 +0.02 7 1.5 GeV

Al (1.86 +0.34) GeV ' | fg (200 + 30) MeV
. (0) 0.32 +0.02 ¢,(0) 0.40 + 0.05
f&(1GeV) (185 + 10) MeV ], (217 £ 5) MeV
al 01+0.1 ayl 0.1+0.1
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B — K*¢"¢~ decay SCET Factorization Phenomenology

Input parameters

Forward-backward Asymmetry

Mw 80.425 GeV sinfy  0.2312

mp°' (1727 +£2.9)Gev | AC) (21723 MeV
VisVg] (403£2.0) x 10 ° | cem(mp) 1/133

mg 5.279 GeV mP® 4.8 GeV

To+ 1.643 ps Tao 1528 ps
me/my 0.29 +0.02 1 15GeV

Aot (1.86+0.34) GeV ' | fg (200 + 30) MeV
¢,(0) 0.32+0.02 ¢(0)  0.40+0.05

f£(1GeV) (185 10) MeV £, (217 + 5) MeV
al 01+0.1 apl 01+0.1
24GeV < n<96GeV, 11GeV <y =+ n+05<22GeV
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B — K*¢"¢~ decay

Numerical results

SCET Factorization Phenomenology

0 £ 107dBr/dg?

08 |

Total branching ratio (g2 € [0.1, 20] GeVv?)

B(B — K*(T¢™) = (16.5723 £ 0.9 £ 0.4) x 10~ (Belle)
= (7.3179 £ 1.1) x 10~ (BaBar)

Guohuai Zhu
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B — K*¢7¢~ decay

Numerical results

SCET Factorization Phenomenology

107dBr/dq?

Theor. vs. Belle (g2 € [4, 8] Gev?) |Theor.( [1,8] GeV?) vs. BaBar( [0.1,8.4] GeV?)

7 0.44
107Br — 1.947944

TR _ 10.64| 0.3 40.23
10°Br = 3.36"y'57l¢, To32lckm Lo

= 4-8J_rié|stat £ 0.3|syst £ 0.3|model = 2~7ti%|stat £ 0.5|syst

Total branching ratio (g2 € [0.1, 20] GeVv?)

B(B — K*(T¢™) = (16.5723 £ 0.9 £ 0.4) x 10~ (Belle)
= (7.3179 £ 1.1) x 10~ (BaBar)
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B — K*¢7¢~ decay SCET Factorization Phenomenology

Forward-backward asymmetry

0.2 f— dAFB/dq2

@ Arg(qg3) = O free of hadronic uncertainties [Burdman, Ali et al.]
@ g2 = (4.071%7%) GeV2 with A(G3)scale = 1.8 GeV?
@ Uncertainty due to power corrections is not included

@ A model-dependent estimation: power corrections could be
about +0.45 GeV2[Beneke/Feldmann/Seidel 2001]
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B — K*¢7¢~ decay SCET Factorization Phenomenology

Overview of theoretical uncertainties

Branching ratio

CKM factor: |V V| = (40.3 +2.0) x 10~3 = 10% uncertainty
IViEVip| = V& Vep| = B — DO, Xl
Soft form factors = 20% level uncertainty
@ Exp: in principle B — plv + flavor SU(3) symmetry
@ Lattice:  not applicable to the region q? < mg
@ QCD sumrules: inherent systematic errors
@ SCET: calculable in terms of B and K* LCDAs

Power corrections: 1/my ~ 20% uncertainty
Perturbative uncertainty: O(a2) < 10% uncertainty

Future improvement

|

@ 1/my power-suppressed contributions
@ better determination of soft form factors
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B — K*¢7¢~ decay SCET Factorization Phenomenology

Overview of theoretical uncertainties

Forward-backward asymmetry

@ uncertainties from CKM factors and soft form factors are
largely canceled
@ scale uncertainty: few percents level
@ power corrections:
@ model-dependent estimation: roughly 10% uncertainty

@ model-independent investigation in SCET is possible

Future improvement

1/my, power suppressed contributions = 10% level precision
92 = (4.0 + 0.4) GeV?
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Summary
Summary

@ SCET is only applicable to the large recoiled region g2 < m2.

@ Using SCET, we get the factorization formula holds to all orders
of as and leading order in 1/my,.

@ The log are resummed between = my and g = vVMpAp.

@ Soft form factors (., ¢ are determined, by combining QCD sum
rule and B — K*~ decay.

@ Our branching ratio estimations are consistent with BaBar, but
twice smaller than that of Belle.

@ g2 = 4.077918 Gev?, power corrections are not included in the
error estimation.

ot

model-independent study of power corrections in SCET
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Scale dependence of g3

@ BBNS = Physical form factor scheme (PFF) of SCET
[Beneke/Yang2006]

@ Physical results are independent on the choice of scheme
@ RGE in SCET, not included

RGE
O A(03)scale = 1258 Gev2 " 404 (BBNS +£0.25)

@ P=__v_Ch

Mg +My *

@ Our analytic formulae are consistent with those of PFF scheme,
up to O(a?)
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Scale dependence of g3(continue)

@ O(a2) has minor impact on the branching ratios J

@ Accidentally, Re(Cy) = 0 «—— Re(C3P) =0

2 +0.08 2
gy = 4.077; 55 GeV

92 = 4.127217 Gev? (no RGE)

g3 = 3.98 + 0.18 GeV?
03 = 4.03 +0.22 GeV? (no RGE)

@ when O(a?2) corrections are included, the difference should be
much smaller

@ Notice that 1/my, ~ as, power corrections are not included in the
error estimation

@ model-dependent: +0.45GeV? [Beneke et al.,, 2001] = Further
investigation
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