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Introduction
Introduction

e Interest in B — (p,w)y decays is motivated by their
potential importance for getting information on the CKM
matrix, in particular, to extract |V,y| and UT angle «

e Contributions from tree and penguin operators are of
comparable size in the decay amplitude and differ by a
weak phase, so both branching fractions and different
asymmetries are sensitive to the CKM matrix elements

e Different approaches have been applied for the analysis of
B — V= decays: QCD Factorization, Perturbative QCD
approach, SCET Factorization, etc.

e Application of QCD Factorization to the B — V/+ decays
and comparison of results with existing experimental data
is the main topic of this talk
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Theoretical Basis
Effective Electroweak Theory

e Weak interactions at energies E < My, M7 are most
conveniently described by an effective theory

e This theory is derived from the SM by integrating out
heavy particles — top quark, W- and Z-bosons, Higgs

e Lagrangian density includes all the other quark flavors

b—sd b
Lo = LGcpxQED + Loenk + Loenk

o Flavor-changing neutral current (FCNC) term £2 ¢
describes b — d transition

Gr

£ = =S 3N G0y
p=u,c J
o Lb7s for b — s transition can be obtained from £5*¢:

1. d — s for the quark fields in all the operators O;(1.)
2. AP = Vo Vi — AP =V V, in the CKM factors
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Theoretical Basis
B — V Transition Form Factors

General decomposition on Lorentz structures admits seven
form factors of the momentum squared ¢> = (P — p)?
_2iVV(e?)

(V(p,")|Qy*b|B(P)) = Mimy 7 el ppPo

(V(p.e*)|@1#15bB(P)) = AV (¢2) (M + my) { -

* M2 _ m2 (5*(7)
_A( V) 2 (E q) P/1, no_ vV _n 2 A(V) 2 yn
> () e [P g T 2 A (a%) q

(V(p,e)|Q0" qublB(P)) =2 T{")(¢) "7 s} p, Py

(V(p,e)| Q0" 15q,bIB(P)) = —i TS (%) [(M? — m}) ™ — (*q) (P + p)"]
2
~i T{(?) (¢*q) {q“ TR Ci P~y (P+p)
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Theoretical Basis
Symmetry Relations in B — V Transitions

e The heavy quark symmetry and the large recoil limit of
the final state meson allow the form-factors' reductions
o Neglecting terms ~ mz3,/M?, relations at ¢ = 0:

M M+ m % v %
V() = == A (0) = T{V(0) = T3Y(0) = £1(0)

M + my
2m M4+ m M—m % v % v
A (0) = ==L AY(0)- = AY(0) = T5(0)-T5(0) = €]V (0)
M M M
e Valid for soft contributions (neglecting corrections ~ 1/M

and ~ )
e Factorization scheme is required (“soft form factors”

renormalization conventions);
holds exactly to all orders in perturbation theory

(v) M_ Vo)

M
=" A =5

viV(0) = 7
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B y Decays

B — K*~ Branching Fraction in LO

operator 7, contributes only

e Form-factor symmetry relation: () T ()

K* K* B (G R*
70) = 1,(0)

e Branching fraction

e In the leading order, the penguin ?

S]]
s}

G2|Vis VisPaM®

* eff K*
B (B = K*) = e~ i (un) | G (o) P | T (0, 1)

o The b-quark mass (1) and Wilson coefficient ¢!V (;1,)
are dependent on the scale i, = O(m,); to compensate it,
one should assume ju,-dependence in 7570, 115)
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B y Decays

B — K*~ Branching Fraction in NLO

G2a| Vi V|2 2

Bth(B — K*,\/) = 30 14 bpolc

M [ 0)] | O )+ A ()

The function A®) (1) includes all the NLO corrections
AD (1) = AG) () + AR + A (1)

° A(Clj(u) — O(as) corrections from Wilson coefficient C5%(y)
and ()

o AN (1) — O(as) correction to the b — s+ vertex
v

o AW (1) — O(as) hard-spectator contribution evaluated
at intermediate scale ., = /A with Ay ~ 0.5 GeV
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B — K*~ Decays

Nonfactorizable ag Corrections

Og 016

D D"

(a) (b)
OI—G 01—6
(©) (@) (e)

e First line:  hard-spectator corrections
e Second line: b — s7 vertex corrections

Alexander Parkhomenko Radiative B-Meson Decays



B — K*~ Decays

Phenomenological Evaluation of fiK*)(O)

o B(B* — K*ty)  ¢)(0) = 0.286 + 0.025
o B(B° — K*0y) ¢(0) = 0.201 + 0.024

Average f_(LK*)(O) = 0.289 + 0.025

Full QCD form factor

70, 1) = F(0) {1+ as(r) Cr

mj, as(psp)
In—% _1 B e AFY) (g
47|— n /1/2 :|}+ 87T C (#p)

TY(0, mp) ~ 1.05€7)(0) = 0.303 + 0.026
LCSR  T(0)=0.31+0.04  [Ball, Jones & Zwicky (2007)]
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B — (

B — (p,w)~ Branching Fraction in NLO

o Charged-conjugate averaged branching ratio in the NLO

_ G2a N 2
Bu(B* = p*1) = 7o o VioVig? m} e M° [€1(0)]

x{(CT 1+ AR 4 (FR + FR) (Al + LR)?
+ 2R [CO(Ag + LE) + AR LA
e In CKM elements’ ratio, F; o< cosa ~ 0 for o ~ 90°
bVig/VirVey = F1L + iF2 = —(Ru/Re)

o Amplitude AMt(y) = A(Cl7)(u) + A&E)r( )+ A( ) P(psp)
o The u-quark contribution A“(1) = AY (1 )+ AL (1sp)
from penguins can no longer be ignored

o Annihilation contributions L% = ¢, C{?°;

counts as Agcp/mp in the heavy- quark limit
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B — (

B — (p,w)~ Branching Fractions

e Ratio of B — py (B — w7) and B — K*v decay

widths is preferable; normalized by the experimental
value of B — K™+ branching fraction

Bin(B — p(w)v) Vea | ( - mf}(w))?) 5 ;
= 5 L. = w — 1+ AR K
Bth(B N K*ﬂ/) p(w) Vis (M2 _ m%(* )3 Cp(w) [ + (p(w)/ )]
e Factors: St =1;50=1/2; 5,=1/2

e (, and (, are ratios of Effective theory form factors;
in SU(3)p-symmetry limit, (, =1 and (, =1

e SU(3)p-breaking effects in QCD form factors Tl(K*)(O),
717(0), and T{“)(0) evaluated within the QCD sum-rules

= 0.77£0.06

(v) () (@) (@)

L0 _ £7(0) . 70 | €700

% = TR ) = ek gy O-BOL00T G = ey = e
no0) &80 0 &7 (0)

Alexander Parkhomenko Radiative B-Meson Decays



B — (

B — (p,w)~ Branching Fractions

e Ratio of CKM matrix elements from CKM unitarity
|Vig/ Vis| = 0.206140.001273- 9089 [PDG, 2011]

e Branching ratios (in units of 107°)
Bun(BT — p*) = 1.52 + 0.29]th] + 0.06[exp]
Bin(B® — p°v) = 0.72 £ 0.14[th] & 0.03[exp]
Bun(B® — wvy) = 0.58 £ 0.11[th] = 0.02[exp]

Mode BABAR (465 M) BELLE (657 M) | Average [PDG]
BY —pty | 1.2079%5 £020  0.87°95370% 0.98 +0.25
B® — p% | 0977933 £0.06  0.787517 1508 0.86 +0.15
B — wy | 0507925 +0.09 0.407%1%+0.13 0.447918

e Data and SM are in agreement, but not precisely so due
to statistics
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Direct CP-Asymmetry

o Direct CP-asymmetry in the B* — p*~ decay rates
B(B~ — p~v) = B(BT = p"v)
B(B~ = p=y) + B(B" — pTv)

Acp(p™) =

o Similar definitions in other two modes
B® — p% and B® — wy 1

)

- Ag %]

o CP-asymmetry arises from '
interference of penguin operator O, e 3\
and four-quark operators O; and O, A

0

0 /4 /2 37 /4

e Angle o known precisely o = (90.0 +5.0)° [PDG 2010]
Mode SM Pred. Belle (657M)
B — py | (106 +2.8)% (—11+32+9)%
B — p%y | (-85T30)%  (—44+49+14)%
B® — wy (—7. 9f3_9) %
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B — (

Mixing-Induced CP-Asymmetry

o Time-dependent CP-asymmetry in M

neutral B-meson decays involves the
interference of B® — B mixing and = | B N
decay amplitudes

alh(t) = AL (p%v) cos(AMy t)+S,, sin(AMy t) 17 s !

e Mixing-induced CP-asymmetry is

20y g AGBY )
5’”:1 PV )‘m:*ABo 0
+| pw" P ( d_>p7)
o In the SM, g/p = e 2" to a good approximation
o Similar definitions can be written for B® — wy
o SM estimates: SN0 = (+0.5751)% SN0 = (+3.8750)%
o Experimental value (657M)  SPelle — (83 + 65 + 18)%

Y
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Isospin-Violating Ratio

e lIsospin-violating ratios in B — p~y decays are defined as

paro_ BT =p) g0 _T(B —=py)
2r(B° — p%v) 2r(BY — p0v)
e Charged-conjugate averaged ratio . . /
a=Liarga : %,/
e In the leading order in o S

Y apgonn
ALo ——26A \)\ |cosa+(6A ) |Au \ &

-60

-70

o SM value is small [¢(*) = 0.30 + 0.07] ,
APM = (0.7718)%  origine: o = (90 £ 5)° [PDG, 2010]
o Current BABAR (465M) & BELLE (657M) measurements

AGH™ = (4313 £10)% A" =(-4875570)%
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B — (

SU(3)g-averaged B — (p,w)y Branching Ratio

e Definitions of the averaging procedures

1 TB+
B(B = p7) =5 BB = p*a) + - B(EG = p*)
= 1 TB+
BB — (p.c)7] = 3 { BB = '2) + T [5(8] — ) + B(8} )] |

e Combinations of the branching fractions results
Biw(B — py) = (1.53+£0.30) x 107°
BB — (p,w)y] = (1.46 +0.28) x 107°
e Good agreement with experiment within current errors
Branching ratios (in units of 107°)  [PDG, 2010]

Mode BABAR (465M) BELLE (657M) | Average [PDG]
B — py 1.737035 £0.17 1.217555 £0.12 1.397057

B — (p,w)y | 1.637330 +0.16 1.1440.207315 1.307918
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@ Branching fractions of B — V~ (K*, p,w) predicted in the SM
are in agreement with the experimental data within erros

o Charged-conjugate average, A, of the isospin-violating ratios
for the decays B — p7y are found to be |A| < 3% in the
expected range of CKM parameters. Experimental
measurements are not precise to test it

@ Direct CP asymmetries in the B — (p,w)~ decays are close to
10% but uncertainties are rather large which requires further
theoretical improvements

@ Mixing-induced CP-asymmetry S,, is highly suppressed in the
B® — P decay due to destructive interference of LO and
NLO contributions. In the B — w~ decay mode, S, is
completely quantified and can be up to 10%
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|th/\/t5| from ’Eee\p[(paw) WI/K*’Y] Ratio

o |Viy/Vis| can be extracted from [A. Ali & AP (2004)]
R *a0] — BCXP[B - ([),W) ’\//] _ (p/w) 2 2
Rexp[(ﬂ7w)7/K /] - Boxp(B N K*'y) - rth C/)

(ofw) _ (Mg —m7)?

T M )3

e Using (,=0.86+0.07 [Ball, Jones & Zwicky (2007)]

[1+ AR(5,7,...)] ~ 0.984 + 0.075

_ V

REELLE — 0.0284 + 0.0050 38925 = || = 0.19573:%25 + 0.015
ts

_ V

REABAR — 0,039 + 0.008 th = 0.23370:925+0.022
ts

e From AM. measurements and Lattice-QCD

|Via/ Vis| = 0.2060 4 0.0007(exp) "o ooeg(th)  [CDF Collab.]

|Vig/ Vis| = 0.2018 + 0.0050(exp) " 32079(th)  [DO Collab.]

Alexander Parkhomenko Radiative B-Meson Decays



Experimental Data on B — K*vy and B — Xy Decays

Branching ratios (in units of 107°)

Quantity BABAR BELLE CLEO Average
B(BT - K7y) | 422+14+16 425+31+24 37.653+28 | 421+18
B(B® — K*°y) | 447410416 40.14+21+17 455703434 | 433+15
B(B — K*v) 482415 427424 43.246.2 46.5+1.3
B(B — Xsv) 327 £1875 3454+154+40  321+£43732 | 35542449
R(K*~/X<v) 0.147+%%%% 0.1317995 0.135%%933 | 0.135 4+ 0.011

1

B(B— K'y) =3 |B(BY - K™7) + % B(B® — K*0-)
* B(B = K*7)
R(K*y/Xey) = o 2 2 1)
(K™ /Xs7) B(E = Xov)

Life-time ratio Tg+/Tgo = 1.079 +£ 0.007
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