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Introduction

Overview of rare and hadronic B-meson decays

m B-meson weak decays play a very important role in:

- testing the Standard Model;
- probing the origin of CP violation;
- searching for indirect signals of New Physics.

m Exp. side more data and more precise due to:

- BaBar at SLAC and Belle at KEK;
- Tevatron at Fermilab and LHC-b at CERN;
- higher luminosity Super-B factory.

m Theo. sidevarious theoretical frameworks proposed:

- methods based on flavour symmetries of QCD;

- methods based on factorization theorems of QCD dynamics:
PQCD, QCDF and SCET;

- non-perturbative methods, Lattice QCD or QCDSR;
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Introduction

B physics at the NNLO frontier: current status

m NNLO program forHer = > ; CiQ; now complete:

> 2-loop/3-loop matching corrections Bdbeth, Misiak, Urban 99;
Misiak, Steinhauser 44
> 3-loop/4-loop anomalous dimensions Gofbahn, Haisch 04; Gorbahn,

Haisch, Misiak 05; Czakon, Haisch, Misiak 06

= need to calculate the hadronic matrix elements to the sawe ¢ precision!

m Some NNLO analysis of B-meson decays:

> B— Xgy [M. Misiak et al. 06; Becher, Neubert 36
> B— Xylv [Greub, Neubert, Pecjak b9
> B— MMy [Beneke, Jaeger 05,06; Bell 07,09:

Jain, Rothstein, Stewart 07;
Beneke, Huber, X. Q. Li 09
X. Q. Li, Y. D. Yang 05,04
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Theoretical framework for hadronic B decay

The effective weak Hamiltonian

m Effective weak Hamiltonian: gBL basisBuras,Buchalla,Lautenbacher'96
CMM basisChetyrkin, Misiak, Minz’9g

Hett = %5 Y0 Mo | C1Q} + CaQf + s CuQu + CrQy + CaQs] + hic.

m C;: include physics fronmy down tomy, scale; perturbatively calculable;
have been calculated to NNLO [Gorbahn and Haisch d4

m adoptingCMM basis convenient for multi-loop calculation;
can safely use NDR scheme with anti-commutigg

m in NDR scheme, needs include evanescent operators.Gorbahn and Haisch G4
-vanishing in 4 dim., important in the intermediate step,
-needed to complete the operator basis under renormalizati
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Theoretical framework for hadronic B decay

QCD factorization approach

- %ﬁ) “
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m BBNS factorization formula: Heneke,Buchalla,Neubert,Sachrajda’99104
MiMIQIB) = FE(0) fu, [ du T(u) dn (W)

o, fu, / dodvdu T (w,v, 1) de(w) dw (V) dw, (U)
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Theoretical framework for hadronic B decay

Perturbative calculation of hard scattering keriél$

= T"!": perturbative calculable order by orderds;
T = O(1), while T" = O(as).

N

VaV4 ALY

m relevant Feynman diagram at

NLO in as:

m At NLO, all the relevant 130 two-body charmless decay mode® fbeen
analyzed:

.

Ll

~4
>

S

BBNS;BN’'03; Du; Cheng, for B— PP, PV,
BRY’07 Kagan; Li and Yang; Cheng and Yang, for-B VV;,
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Theoretical framework for hadronic B decay

Factorization formulae foB — M1M> in SCET, |

m Soft-collinear effective thoery:

an EFT describing energeti& (> Aqcp) hadronsi/jets;

suitable for studyindactorization, resummation and power correctjons

successfully applied tB — Xsy, B — D7, B — Xyfv, B — X4~

m two different formulations:

1, SCET in momentum space, Hybrid expanded
C. W. Bauer, S. Fleming, D. Pirjol and I. W. Stewart, OC
C. W. Bauer, D. Pirjol and I. W. Stewart, 01
2, SCET in position space, multi-pole exparnded
M. Beneke, A. P. Chapovsky, M. Diehl and Th. Feldmann, 0
M. Beneke and Th. Feldmann, 02
R. J. Hill and M. Neubert, 02

m Both are equivalent at all order, but do not coincide ordeotger in\.
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Theoretical framework for hadronic B decay

Factorization formulae foB — MM, in SCET, Il

m T"'": more transparent in SCET; just operator matching calculat
matching coefficients of some SCET (non) local operators;

= Matching procedure fof" : complicated due tec

QCD — SCET(hc,c,s) — SCET(c,s)

c c ¢ 4 ¢ ¢
I B hy
s h ‘ o s ‘ S e s ¢
he — H; he — H,®J
s c s c s c

m Final result forT!": T' (w,v,u) = [ dz Jw,V,2) Hi(z u)
- Hi = O(1): hard coefficient, QCD— SCET at up ~ my;

- J = O(as): jet function, SCET — SCET) at pinc ~ +/MpAaco;
- resummation of logn/ e Using RGEs in SCET; Bleneke, Yang (5
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Theoretical framework for hadronic B decay

Factorization formula foB — M1M> in SCET, llI

m Matching procedure fof': conceptually simpler, no intermediate scajg;

QCD — SCET(hc,c,9)

m Final result for the hard kernd]:
T =T+ a7V W + 2T (W)

- T-( 9 naive factorization Ti'(l): NLO vertex correction

T; ': NNLO vertex correction, true 2-loop calculation
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Status of NNLO calculation fof; *

Motivation for NNLO calculation

= Final results fofT; " :

T = T QW) + as TP () + 2T P (u)
Ti“ (w,V, U) = /dZ \KCU,V, Z) Hi(Z, u)

m Phenomenologically very relevant:

- only the first corrections to strong phases, quite relevadirectCPp;
- needed to reduce the large (N)LO scale uncertainties, giynexpected;

m Current data drivenC/T or a; seems to be too small, large cancelation in LO
-+ NLO, particularly sensitive to NNLOs=-enhancement from NNLO?

Conceptual and systematic aspects:

- verification of factorization at NNLO, still hold at NNLO?
- spectator scatterings involyg., PT well-behaved?
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Status of NNLO calculation fof; *

Status of NNLO calculation

m Define the topological amplitudes:

d u d

colour-allowed tree a4 colour-suppressed tree ap QCD penguins ag4

m AvailableNNLO corrections:

- J: matching+resummation,
[Beneke,Yang 05; Becher,Hill,Lee,Neubert 04; Kirili] 05
- H;: for tree amplitudes, Heneke,Jaeger 05; Kivel 06; Pilipp p7
for penguin amplitudes,
[Beneke,Jaeger 06; Li and Yang 06; Jain,Rothstein, Steviirt C
- T': for tree amplitudes,
[Bell 06 (Im part), 09 (Re part); Beneke,Huber,Li,|09
for penguin amplitudes, rore complicated, to be done ngxt!
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Status of NNLO calculation fof; *

NNLO vertex corrections td’

m due to the absence of the intermediate sgaleconceptually simpler;

technically demanding, a genuine 2-loop calculation watlrfexternal legs.

direct diagrammatical approach.gell 07, 0§—= matching calculation within
SCET M. Beneke, T. Huber, X.Q. Li 3= an important cross-check!

two different contraction of current-current operators:

m two main taskscalculating 2-loop QCD Feynman diagrams,
performing complicated IR-subtraction.
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Status of NNLO calculation fof; *

Two-loop Feynman diagrams

m Two-loop non-factorizable diagrams:

Mo % M b
A&iﬁm A@ﬁﬁi% A\ﬁ b c d b b : 3

Ea I VU Sl ST

M M SN VA M
¥Z % §¥ 4& b b c d b ¢ d

Vo

- totally 62 “non-factorizable” diagrams; WS A Y%

- vacuum polarization insertions in gluon
propagators; oA

- external self-energy insertions in quark i

propagators; %L %

- one-loop counter-term insertions; FAVARAVA V.S VARVa V.Y
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Status of NNLO calculation fof; *

Multi-loop calculations in a nutshell

m Work in DR withD = 4 — 2¢, to regulate both UV and IR div.;
at 2-loop order, IR poles appear up tod
m Basis strategy:

- general tensor decomposition via Passarino-Veltmanansat
=—>thousands of scalar integrals, Pagsarino, Veltman'79

- reduction them to Master Integral via Laporta algorithmduhsn
Integration-by-part (IBP) identities=-totally 42 Mls,
[Tkachov'81; Chetyrkin,Tkachov'$1
[Laporta’Ol; Anastasiou,Lazopoulos’'04; Smirnov]08

- calculation of the MIs, very challenging, all should be gianalytically.

m Techniques used to calculate Mls:
- standard Feynman parameterisation, only for simpler Mls;
- method of differential equations, Kdtikov'91; Remiddiot;
- Mellin-Barnes techniques, Shnirnov'99; Tausk'9f
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Status of NNLO calculation fof; *

Master formula for hard scattering kernel in Rl

1 (1),nf
T — APz D
Ti(Z) _ AIZ) ,nf + ZIJ + Z(Z) A](O) 4 Z(l) Al(l (_|) 6&‘-) Ai/il)ynf
+T - Célp) ~ i+ Zoa] - > HY Y

b>1

- 7Y andT®: 1-loop and 2-loop hard scattering kernel;

- important check: both are free of poleirfactorization holds.
- needs higher-orderterms inTi(l) to computeTi(z);

- Z;: renormalisation constants of QCD operators;

- Yj: renormalization constants of the SCET operators;

- Cgr: matching coefficient of QCD current to SCET current;

- needs also 1-loop factorizable diagrams;
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Status of NNLO calculation fof; *

Master formula for hard scattering kernel in WI

F(1 (), (1 0) (1 f A0 (1 1)1 (O

T = AP ZV A ADT - AOTAY - v - v AY
O(e) O(e)

=(2 ~(2),nf 1) %(1 2) %(0 ~(1),nf

T = ROy ZWAD | 7@ RO | 7@ AD

(i) S RO 4 ZG AR 4 20 A
~TP[C® + Y] =S Ry Y
b>1
+[A(2),f _ A A(O)] + (—i) 6(1) [~(§1),f _ N Ai(f)]
(2 + 260 + AT - AV AT
Cre AYIYL - vay') - [V - Vi AY

- Fierz[0J=0;in D = 4 dim., ~_
s00; — Oy is also evanescer B T g
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Phenomenological application:

Dependence af; ; on the hard scalgy,

; s : A : : : = - dotted line: LO
e result
- dashed line:
e NLO result
<o T— ] ™ - solid line:
S B /yﬁ*‘” NNLO result

- the real parts on the scale dependence substantially r@duce

- the imaginary parts less pronounced, since the NNLO termaiyr NLO!
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Phenomenological application:

Numerical result forvy andas

caa(rm) = 1009+ [0.023+ 0.010iy, o + [0.026+ 0.028i]y0
- {025} {10014, o, + [0.084+ 0.027 ] o5+ [0.008),}
= 1.000"g o5+ (0.011" 52D
aa(rm) = 0.220—[0.179+ 0.077ijy o — [0.031+ 0.050iy 0

I'sp i
n { = 45} {[0.114]L05p+ [0.049+ 0.051i |y oy + [o.oenm}

0.217 0.115y;
= 024073755+ (-0.077 g 57g)i
m The NNLO corrections to the vertex term and spectator stadfere

significant individually. But both tend to cancel each otheo bad!

m Largest uncertainty from, = m%&’ especially\g (B LCDA).
+

m Perturbation theory works at scal®g and e = /AgcpoM.
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Phenomenological application:

Factorization test with sem-leptonic data

(B~ — 779
(B — 7T+|_D)/dq2‘q2:0

R = d = 37T2f7§ |Vud|2 | (7rm) + 062(7T7T)|2
m From sem-leptonic data

[laa(rm) + az(mm)| ]exp = R N
1.29+0.11 N\

m Prediction with\g = 0.35 GeV:
|oia (7)) + cp(mm)| = 1.241'8:%8

la) (rm)+a ()l

m Good agreements observed,

supporting QCD factorization. Ll
. Lo 0.1 0.2 0.3 0.4 0.5 0.6
m Main uncertainties: A4[GeV]

As, a3 and power corrections.

m interesting to extend to other final stak; = 1.7575:3/ (2.08"5:32);
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Phenomenological application:

Branching ratios for tree-dominated B decays

Theory | Theory I Experiment

BT SAIRETET seunE 550y
By »mim 7.371080 1822 57002 t830 5164 0.22
BY — 700 0.3375 521042 0.63791570.9 1.55+0.19

— — 0.42+42.71 0.41+2.54 1.2
B o P BBt 98wy 8313
B~ — %" 1238707 % 121370537577 109775
B — mtp 17.8079% 50 1376700271 1574+1.8
B — 7 pt 10281035 +37 8.147033 1% 7.3+12
BY — ntpT 2808702/ t38%2  21901049+3% 230+23
BY — 700 0.527553 %01 1.491387+1-1¢ 20405

— — 0.23+3.92 0.24+4-4.59 1.8
ool 1BTeaey  LOngag 20y
oA BOapas W0smas  Sa
By = pioL 0.3970.03"0.36 1.05%0 02" 104 0.557,54

Xin-Qiang Li (ITP, HNU)

NNLO corrections...

f27(0) = 0.23+ 0.03,A7”(0) = 0.28+ 0.03, \s(1 GeV) = (0.2075.5%) GeV.
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Phenomenological application:

Color-suppressed versus color-allowed decays, |

24F N ‘ ‘ ‘ 2 24F -
\ 1 A

22— : 22f \
20t — : : 20t N

N\ \ : \ \
1.8 N S, 18t A
1.6 \y\\ \\\ : 1.60 N o
1.4 TSN e 1.4F
12 S nl Bt - 1.2F
1.0 irann =St |- 1.0t A

0.1 0.2 0.3 0.4 0.5 0.6 0.1 0.2 0.3 0.4 0.5 0.6
A5(GeV] A5[GeV]
- -0
RTT — 2 I'B™ — n )
i

I'B® — 7t7—)

m NF fails to describe the data obviously;

m QCDF could describe the data, especially with a smalier
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Phenomenological application:

Color-suppressed versus color-allowed decays, Il

0.8 T i 0.20 [
0.7k - - Y
0.6 1 0.15 \ \\\
05 4\ , \\\ \ N
%:g 04 \‘\ ?zg 0.10 \\\:\ N R
03 ' 0.05
0.2
0.1 0.00
01 01 02 03 04 05 06
A3[GeV]
0.4 -
03 \ : I'(B°— 7%
m —
\ - R =2y
202t ] \ -
m prefer to smallens.
0.1 .
m strong spectator-scattering
0.0L . = effects!
0.1 0.2 0.3 0.4 0.5 0.6

Ap[GeV]

Xin-Qiang Li (ITP, HNU) NNLO corrections... April. 18, 2010



Phenomenological application:

Chargedrp™ decay modes

06 08 10 12 14 16 18 20 "06 08 10 12 14 16 18 20
A570)/157(0) A5 (0)/127(0)

m Favor slightly smalleB — p to B — 7 form factor ratio than QCDSR{ 1.25).
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Matching heavy-to-light currents to NNLO in SCET

Motivation for the NNLO matching calculation

gl b, with Ty = {1, v, v, v5y#, ic*¥ }, play an important role in B physics:

m govern the hadronic dynamics in inclusive semi-leptonit ediative B decays:
B — Xs7, B — Xulvg, B — XolTE7,...

m its matrix elements=-form factors, also important inputs to exclusive B deca
processes;

m in the kinematic regionthe FS has small invariant mass but large energy
=—>SCET is the appropriate theoretical framework, transgdaetorization
formulae can be derived,;

=-how to accurately represent the heavy-to-light currentS@ET is of particular
interest!
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Matching heavy-to-light currents to NNLO in SCET

Heavy-to-light currents in SCET

2-body operators 3-body operators

gro = Z/ds tM(s) 0N (s) + Zfd&dse C¥(sy.80) 0P (s1.8) + ...
i i

m Ci(A) andCi(B): hard coefficients;

1-loop result is well-known,
[Bauer,Fleming,Pirjol, Stewart 00, Beneke,Kiyo,Yang Odctiger, Hill 04
-2-loop result: known only for (V-A) current,
[Bell'07,08; Bonciani,Ferroglia’08; Asatrian,Greub, @gk'08; Beneke,Huber,Li'08

m Inclusive processe$0i(A)> -J®S <Oi(B)) —=>li®s;

m Exclusive processe$0i(A)) —soft-overlap contribution,
<Oi(B)> —hard spectator-scattering.

Xin-Qiang Li (ITP, HNU) NNLO corrections... April. 18, 2010 26 /46



Matching heavy-to-light currents to NNLO in SCET

Relevant Feynman diagrams in QCD

m in the leading power:

aribi(0) = Y- [ dsCi(s) [EWhe] (sn) T} (0]
j

m here there are less diagrams and no evanescent operators;

Xin-Qiang Li (ITP, HNU NNLO corrections... April. 18, 2010 27146
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Matching heavy-to-light currents to NNLO in SCET

UV renormalization and IR subtraction

m for UV renormalization, needs standard QCD counterterm:

the heavy quark mass;

the heavy and light quark field; Glay, Broadhurst, Grafe, Schilcher b0

the QCD current renormalization constant; Tarfach 81; Broadhurst, Grozin §4

m for IR subtraction, remembé;C; * J ® Sshould be finite:

needs the SCET current renormalization constant;
(4) 2
as ' Cg 1 1 I 5 2
Z;=1 =+ |-=In — = @
=1 G a et () -3 o

1-loop result known; Bauer, Fleming, Pirjol, Stewart O

2-loop extracted frond ® S [Becher, Neubert 05,36
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Matching heavy-to-light currents to NNLO in SCET

Matching coeﬁicientﬁl{ for various Dirac structures

il 1|9 y* Ys5y* ioh
U] 1 [ s [y | v [ [asyr [ vitgs | ntqs | Aliad | Vg | ] |l

C|GCs|Cr|Cy|CH|CY| G| CGR| R | C | G | ¢ | o

m [' = y#: relevanttoB — Xyfvg, B — wluy;

m =1 0" relevanttoB — Xs¢T¢—, B — K®) gty

m many applications to B decays:
-Vyp determination fronB — X, lvy, [Greub, Neubert and Pecjak P9
-transition form factor ratios, Bleneke and Feldmann 00, 03; Beneke and Yarjg 0

-FBA in inclusive and exclusivB — Xs/* /¢~ decays,
[Lee, Ligeti, Stewart and Tackmann 06,07; Lee, Ligeti, Tackn0g

m details to be found in

Bell, Beneke, Huber, Li, “Matching heavy-to-light currdntNNLO in SCET”

Xin-Qiang Li (ITP, HNU) NNLO corrections... April. 18, 2010 29/46



Conclusion and outlook

Conclusion and outlook

m Overview of current NNLO corrections to hadronic B decays:

- 1-loop spectator-scattering now complete;

- 2-loop vertex corrections to topological tree amplitudescst complete;
m Factorization shown to be hold in a very non-trivial way:

- both UV- and IR- divergences cancel;

- convolution integrations with LCDASs are finite;

- perturbative theory well behaved at hangd= m, and hard-collinear
tthe = 1/ Aocpmy scales;

m individual NNLO contributions are sizeable, while ovei@htributions only
moderate; but may change the overall pattern of CP asynesgtri

m To do next:NNLO corrections to topological penguin amplitudes
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Conclusion and outlook

Backup slides
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Conclusion and outlook

Some comments on the QCD factorization approach

m Successesystematic framework to calculati®l; M| Q;|B); very successful:

- consistent global description of a variety of decay modes;

- strong phases start &(«s), dynamical explanation of smallness of direc
CP asymmetries in hadronic B decays;

- dynamical explanation of the BR pattern®f— n( /K *):

- dynamical explanation of intricate pattern of penguiniifgeence seen in
PP, PV andVP modes;

m Limitations some issues still remain to be resolved:

- factorization of power corrections is generally broken;

- endpoint divergences in higher-twist spectator-scaitesind annihilation
contributions appear, bringing large model-dependentriaimties;

- could not account for some data, such as |86 — 7°7°), the
unmatched CP asymmetriesBn— 7K decays....
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Conclusion and outlook

Operator basis in QCD

m adopt the CMM operator basis in our calculation;

m need to introduce four extra evanescent operators;

Q1 = [K"LT] [dvy,LT ],

Q2 = [y Lb] [dy,Lul,

Er = [y*9"y*LT] [dv.77,L TAU] — 16Qq,
Ez = [iy"y"4°Lb] [dy,y7,Lu] — 16Qy,

El = [1"*v"v*77y"LT] [dvuruvp70y- L TAU] — 20E; — 256Qy,
B, = [Wy*7"7*77y"Lb] [dvuv7p707- Lu] — 20E; — 256Q;,

Xin-Qiang Li (ITP, HNU) NNLO corrections... April. 18, 2010



Conclusion and outlook

SCET (hc, ¢, s) operator basis

m conventionin SCETM;y, alongn_, f_¢ = 0; My, alongn,., fi4x = 0; hy, with
yh, = hy.

m Rightinsertion:

0 = [0 [, 1o,
0, = [x V‘?(l )75 X [E, (1= y8)v5va ],
O; = [x V‘?—(l—%)vj"_vfﬁvix} (€, (1= 5)75 75 va ] -

m Wrong insertion:

Or = [7¢(1—s)x] [x(1+s)7ahy],
0 = [5 ’M’M’M(l —vs5)x] [x(1+ V5) Yo 7’}/ 3 hv} )
O: = [E99vv]5vS (@ —8)x] [RA+s)vardvivvahy] -

April. 18, 2010 34/46
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Conclusion and outlook

1-loop Jet function calculation

m J: now known to NLO E W% MWE +ﬁ§% Ef

[Beneke,Yang 05; Becher,Hill,Lee,Neubert
o TTIAE
m just the SD coefficient from T < - o

hard-collinear scal@nc; E% jg Eﬁ N

m even at the hard-collinear scale, PT

is still well-behaved. E% % E@y
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Conclusion and outlook
1-loop calculation foH"

m diagrammatical approach (QCDmilfpp 07]
= the effective field theory formulation (SCETBdneke,Jager 05; Kivel §p

m factorization does hold at.¢; PT is well-behaved;

ARV A AT b% 1t
ngjmw %> I
NIVAVATRY &%*f%$, AL
MMM MY [

VAVIVIVIVIVIVEEESY
S o
Sl
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Conclusion and outlook

List of Master Integrals, |

- double lines are massive, while single lines massless;
- dots on lines denote squared propagators;

- have been cross-checkedBn— X,lv calculation, Bel’07;08; Bonciani,Ferroglia’08;
Asatrian,Greub,Pecjak’08; Beneke,Huber,Li]08
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Conclusion and outlook
List of Master Integrals, Il

A

-
u

NV

O

G

SORNO
AR

- these are extra MIs needed for hadronic B decays;

- have also been cross-checkegb|i[o7,09; Beneke,Huber,Li'0p
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Conclusion and outlook

lllustration of the techniques, |

m IBP IDs: for 2-loop case, 8 IDs per scalar integral
S [ 52 [0k 1, p)] =05 & =k, s b = ke, 1, pt

m Solve systems of these equations via Laporta algorithm
=>scalar integrals can be expressed as a linear combinatidisof

(8- 3D)(7uD — 8D — 24u + 28)
B 3(D —4)? mi u?
2u2(D — 4) + (16D — 56)(1 — u)]
B 3(D—4)2m3ud %

m Differential equations: Hotikov'91; Remiddi'9}

- needs result from Laporta reduction.
- boundary condition from some other techniques.
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Conclusion and outlook

lllustration of the techniques, I

m Mellin-Barnes representation: Sthirnov'99; Tausk'9p

1 _ d —a—zI'(=2)T'(a+2)
(A+Az ) fﬁyﬁﬁ iAZ ’ T'(a)

- partially automated,

- used as numerical cross checks of our T(a+2)
analytic calculation,
[Czakon'05; Gluza,Kajda,Riemann’h7

I(-2)

m Special functions frequently used:
- HPL up to weight 4 with argumentor 1 —u
- Polylogarithms L3, Lis, Lis with argumenu, 1 — u, 1%

- Hypergeometric function pF@-expansion, Naitre,Huber'05,07
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Subtleties in performing IR-subtraction

= To prove factorization, should check thEt" are free of both UV- and
IR-divergencesyery non-trivial both in QCD and in SCET!

m should consider the evanescent operator contributions @&€D and SCET;

m some operators are non-local, needs distribution like ER&hel up to

two-loop order, [epage,Brodsky'80; Efremov,Radyushkir]'80
A & .
-y # S F
- « % i i,
m SCET graphs contributing to Y R
the anomalous dimensiof; : .
of the SCET four-quark
. K =) K F
Opefators. L§> ' \@\{@ ' é(ﬁ '
N Ry IS Ry
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Dependence af; ; on the Gegenbauer moments.

m at LO, no such a dependence at all in QCDF/SCET;

m at NLO, the dependence ig & nmy):

1.040+ 0.013 — (0.007 - 0.013) & + 0.001a}"
[az, = 0.029—0.079 + (0.046— 0.079) a)> — 0.009a}">

o
=
<

I

m at NNLO, the dependence ig E my):

2
)

[oa), = 1.057+0.038 — (0.032— 0.022)al" + (0.003— 0.001)
(@2, = 0.013—0.126 + (0.139— 0.096)a)' — (0.021+ 0.009)

2

a
aye.
m the dependence cag"2 is very small for both tree amplitudes;

= the first Gegenbauer momeaif? is more important, especially fét]y,
furthermore enhanced at NNLO;

m a source of hon-factorizable SU(3) flavour symmetry bregkin
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Definition of various ratios in tree-dominated decays, |

T(B™ -0 T(B° 0.0
RTLEZ( —>7T7T)’ RiT = 2 ( —>71'7r7)7

I'B® — 7t7—) I'B® — wt7—)
Ry =2LB = Lot Ry = 2 LB > o)

L(B° — pfpr) L(B° — pfpr)

. 2T(B0 — 7000)
R0 = FB9 S 7ty V1T S 7 ph)

m the dependence on FF and CKM factor cancels out;
B R o | a1 +az 2/ o1 |2, while R o | az P/] ay 2
m highlight the importance of hard spectator-scattering;

O, s

m strongly depend on the B-meson LCD#@ andrsp = TFE (0
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Definition of various ratios in tree-dominated decays, Il

R — I'B°— 7tp) R, — B> —7rtp )+ (B> — 7 ph)
YTTE S ) 2= 2T(BY — wt7—) ’
R — ['(B%— wtp) _2T(B” =7 p% 1
*TTE =7 ph)’ T T S xpt)
R _2T(B” = %" )71 R6:F(Boﬁ7r+p*)+F(BO%7r’p+)
T TR —atp) B 2T (B® = pfpC) '
_ T(B®— 7%0) _ T(B— pPp})
- I(BY — 70p0) - T(BO — 7w0p0)
m R, is free of FF dependencB; oc AS”(0) /f27(0);
m RZ” provide information onv, in PP, PV and VV modes;
m Ry 56 is almost free of CKM factor dependence;
m Ry 5 provide access to the real part@f(mp) andas(pr);
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Various ratios oB — nr, mp andp_p. decays

Theory | Theory I Experiment
T 0.124+0.53 0.184+0.72
R 138}8‘85{8’%% 191;8%8;8% 2.02+0.17
T 0.09+003+0 0.221006+0. 0.60-+ 0.08
0 —0.02—0.04 —0.05-0.16
0.024-0.44 0.03+-0.64 0.28
N iZuman  oiaaman M0
0 0.03"5.00 0,03 0.10%001 011 0.05+0.02
% 0047000003 0.14%55"0%  0.17+0.05
Ry 2411971005 2417030031 3.04+0.37
R 1.9ot§é§t§1§ 1.92t§:%§t§¢;§ 2.234+0.24
R 17%apgm  L0%plam 2154043
v oammim  amas 1B
Rs 0302004020 0.647005 021 0.3035
Rs 0.5470:91+6.23 0.537001518 0.49+ 0.08
T ol peipig omeom
R¢ 0.74%5 09" 026 0.7075 06039 0.27731,
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Input parameters used in the phenomenological analysis

Parameter Value/Range| Parameter Value/Range
ADL 0.225 Lihe 15406
me 13+0.2 fa, 0.195+ 0.015
my(2 GeV) Q09+ 0.02 fr 0.131
(my + my)/ms 0.0826 fB7(0) 0.25+ 0.05
my 4.8 f, 0.209
My(My) 4.2 AY(0) 0.30+ 0.05
[Vep| 0.0415+ 0.0010 | Ag(1GeV) 035+ 0.15f
|Vub/Veb| 0.09+ 0.02 o1(1 GeV) 15+ 1
v (70+ 10)° o2(1 GeV) 3+2
7(B7) 1.64ps az(2 Gev) 02+ 0.15
7(Ba) 1.53ps as(2 GeV) Q1+ 0.15
b 48758 a) (2GeV) 014015

t £B7(0) = 0.23+ 0.03, A% (0) = 0.28 + 0.03, \g(1 GeV) = (0.2072%) GeV.
+ 0.00
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