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Effective Hamiltonian

@ The low-energy effects of the full theory can be described by the effective
Hamiltonian approach in order to include QCD effects systematically.

@ The low-energy effective Hamiltonian calculated within the framework of
the operator product expansion (OPE) has a finite number of operators in
a given order, which is dependent upon the structure of the model.

@ Effective Hamiltonian for AB = 1 and AS = 1 transition with right-handed
currents:
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Effective Hamiltonian
Operators
@ Current-Current
Of = (8atp)y_, (Usba)y_y s
OF = (8aCp)y_p (Eaba)y_, s

@ QCD-Penguins
03 = (Eaba)v—A Z (aﬁqﬁ)vf/\ ’

q
Os = (gaba )V—A Z (aﬂqB)V+A 3
q

@ Electroweak-Penguins
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@ Magnetic-Penguins

e = v
O;Y = 7mbsao'“ (1 +75)baFuua
872

Soo-hyeon Nam (KISTI)

Non-leptonic two-body B decays
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Og = (Eaca)vf/\ (Eﬁbﬁ)va
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Effective Hamiltonian
Operators

@ If we have additional SU(2)g group in the model, operator basis is
doubled by O; which are the chiral conjugates of O;.

@ Also new operators Oy1, 12 and Oj, 4, arise with mixed chiral structure of
01’2 and Oq 2

0411 = (§aU5)V_A (Dﬂba)v+Aa 0412 = (éa ua)v_A (Dﬂbﬁ)V+A s
0101 = (gacﬂ)V—A (aﬁba)v+A ) 0102 = (éaca)V—A (aﬁbﬁ)w-A )
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Effective Hamiltonian

@ Wilson Coefficients (u = 1.5 GeV):

Cl=-0443,  CJ = CJcgA{/2G
Cl=1224,  CJ = CJcoAFR/NF
C;=0.023, C;=-0045 ~ C5=0.012, Cg=—0.064
C7; =0.008c, Cg=0064a,  Cy=—1.403q, Cjo=0.482a
C7 = —0.385 — 17.07A®, CY = —17.07A"*
C§ = —0.175 — 7.506A, Cg' = —7.506A*
C{i = 0.623A%*, C{5 = 0.881AY*,
where
Ve
AP =VvEvE, AP = ggﬁe'ao (D=1b,9)
tl
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Effective Hamiltonian

@ It is convenient to express the one-loop matrix elements of Hes in terms of the
tree-level matrix elements of the effective operators:

G

10
TN G < s3l01|B > +(Ci0; — €[0),

i=1

< SQQ|Hef|B >= —

with the effective WCs

ff 1 ff 1
cf () _ cﬁ’), ceff(r) _ Cé'), ceff(n) _ cg’) _ L

eff(s ’ ’
: e . ) e o)y o)

(r
g 4

cgt‘)‘(/) _ Cé/) _ ch)w Cﬁell(/) _ C‘(tl) + Cé/)7 C7eﬂ(/) _ Cgl) 4 ny/)Y Cglf(/) _ c{(;/) + CSY/)

Ne
where
2
(7) as | 1 LL~9(/) G(/) Mp
C, = - | — Agq C. Z Kk, 2C, —
9 on [A[LL e q Cp 'Z(mg, k, mp) +2Cg kz:l
2
o - s | ALLcIO) | 0O L k. (0™
v 3 MLL g=u,c q (G Ne 2 JHma. K mp) + C7 k2

m? - k2x(1 — X)

|

= Two different CP even phases arise!

Z(m, k, p) = 4/01 dx(1 —x)ln[
E I3
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Effective Hamiltonian

@ Diagrams for penguin-induced b — sss decays

0 @ yh
‘},2 b 03 010 S b ;w, ;(/)
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Two body hadronic B decays

@ Various topological diagrams* for B — M1M2 decays

N R

< )<

T: the color allowed external W emission tree diagram;

C: the color-suppressed internal W emission diagram;

E: the W-exchange diagram;  A: the W-annihilation diagram;

P: the penguin diagram;  V: the vertical W-loop diagram

«bollowed from arXiv:0901.4396 LKL

—
.
1

Soo-hyeon Nam (KISTI) Non-leptonic two-body B decays Tevatron B physics workshop 9/19



Two body hadronic B decays
Factorization approximation

@ Factorization approximation for the matrix elements of the operators using
the vacuum insertion method (Gaillard and Lee, Phys. Rev. D 10 897 (1974)) :

< M1M2|Heff|B > = 1< M1|J1H‘0 >< M2|J1/M|B >
+ Zp < M2|Jy10 >< My|J,|B >
+ Zs < M M2|Jf;|0 >< O‘JéM|B >

@ From Lorentz invariance one can obtain the decomposition of the
hadronic matrix element in terms of decay constants and formfactors
(Bauer and Wirbel, Z. Phys. C. 42 671 (1989)) +— The relevant decay constants
and form factors can be obtained from various leptonic and semi-leptonic
decay experiments, respectively.
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Two body hadronic B decays

Factorization approximation

@ Consider the matrix element of the operator Os for the process B~ — ¢K*~:

e 7 1 - — = -
<OK'T|OIBT > = o < 6[57"sl0 >< KTT[Sy,u(1 — 15)b|BT >
c

+ 2 < ¢K*TIB(1 + 45)ul0 >< 0|Unsh| BT >

annihilation contribution, usually neglected in FA

@ "Annihilation contribution" to decay rates may be small (or may not, depending on
specific decay modes), but could be important in CP asymmetry because it
contains strong phases! = We need to reduce "hadronic uncertainty" before considering
any "new physics".

@ CP violating asymmetry originates from the superposition of CP-odd(violating)
phases in CKM matrix and CP-even(conserving) phases.

o
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Two body hadronic B decays

Form Factors

@ Decay Constants

» Pseudoscalar: < P(p)|gy*~sq'|0 >= ifpp*
» Vector: < V|gv,ql0 >= fymye,

@ Form Factors

» P— P:
. g —m? 2 mB-m

(Pr{p1)1a7ub18(8)) = |(pg -+ p)u — "By | Fy (@) + T au (@) (F(O) = Fo(0)

» P—-V:
_ 2 .

VP IVia = A1) = —€puva e PP by — i (s = 520 ) (ma + my)Ay (@) +

. m—m?, . A 2 .

i| (g +pPy) — (BT")% (e -q)mg(f:vzf 71unAo(q2),

(2myAg(0) = (mg + my)A1(0) — (mg — my)Az(0))
» V-V

PE < V1V2l@7u(1 & v5)a' 0 >= (¢ - €3)PBV1(PR) — (¢ - Py)(e] - p2)Va(PR) £ iehV P el ef, p1opogAPR)
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Two body hadronic B decays
Form Factors

@ There have been numerous efforts to obtain the decay constants and the
form factors (or hadronic matrix elements) theoretically in various ways.

@ Decay Constants: Lattice QCD (quenched and/or unquenched QCD),
QCD Sum Rules, Light-front QCD (LQCD), Chiral Perturbation Theory (x
PT), etc...

@ Form Factors: Monopole(dipole) approximation, QCD-improved
Factorization (QCDF), Perturbative QCD (pQCD, aka kr factorization),
Soft-Collinear Effective Theory (SCET), Light-Cone Sum Rules (LCSR,
QCD Sum Rules), etc...

KiSTi
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Two body hadronic B decays

Matrix Elements

@ Example of B — PP transitions

_ _ G 3 -
AB™ — K™Y = ;{ [)\ (a1 + plas) + 2)\, Hay — a )} X(BK.)
+ [A[L,L(az +ap) — A (34 + a0 + 205 (3 + as))] X(BH)
+ [XﬁL(az —ap) — A (64 + a0 + 2p5 (a5 + as))] X(B’WK)}
+a — -a),
- — 0 Gr 1 K 1 X(BmK)
AB™ -7 K) = E )\ 5310 +2pg (@ — Eag
+ AtL(az — 612) — )‘t (34 + aio + 2p5 (as + aa) )] X(B’WM}
+(ai a),
X(BKm) —V2 < 70| iy 50 >< R"\éwbu?" > = it FE7K(mP)(mg — md),
X(Bm-K) +v2 < K°|8y"45d[0 >< 7°|dv,b|B° > = it FET ™ (mZ)(mE — m?),
XxB:mK) +f 2 < 7°K°|3y"d|0 >< 0|dv,vsb|B® > = ifgFI X (m3)(mE& — m?),
H
H=m,K,B, g=u,s
Pq mbmq (H=m, q=u,s)
-
[MiSTi
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Two body hadronic B decays

Matrix Elements

@ Example of B — PV transitions

AB™ — n°K*7)

AB™ — Tri}_(*o)

Gr
2

+ [/\u (@2 +ar2) — Af" (& + 310)] X(B K

{ [A (@ +pgan)+ - A, Har — a )} XBK"m)

+ [AﬁL(az —ar) — A\ (a + 310)] XBmK)

+20( 02 (a6 + ag) X

Gr L 1 B K*
Sl -t (- o) e
(

+(a — a:{» X5 — X1),

+ /\ﬁL(azfam)f/\,L (a4+a10)] X(B wK* )+2)‘t o (as+as)X(B TK* )}

+(aj — af, X; — X1),

X~ V2 < 2By ysul0 > < K3y, (1 £ v5)bIB® > = 2fmis (e - pr)AS T (mP),
XPETKD = V2 < K*O894d|0 > < 701y, b B® > = 2fice myex (€ - pr)FETT (M),
XETHD = 32 < 7PK01EvH (1 £ v5)d[0 >< 0]dy,v5b|BY > = 2fgmicx (e - pr)ATK (mB)
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Two body hadronic B decays

Matrix Elements

@ Example of B — PV transitions

A(B™ — pK™)

AB~ — p~ K%

X:(tBK,P)
X(isp,K)
vaﬂK)
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V2 < pliy"ul0 >< K°|3y,b|B® > = 2f,m,(c - px)FE~*(
FV2 < KO8y 75d]0 >< p|dv, (1 £ 75)b|B° > = 2fcm, (e - p) AT 7 (mk),
FV2 < pK°|87"(1 % 75)d|0 >< 0|dv,7sb|B® > = 2fam, (e - px) ALK (m3)

+ P‘EL(az —app) — A (a4 + am)] [Xng,K) n Xis,px)]

+2xkt (ae + ag) {png(er,K) i p?XJ(rB,pK)]

G 3
{{ [ar = Sat(ar + ag)] X2

+(a — al, Xy — X1), (1)

G 1

7%{ — At (a4 - an) xB0: K [,\,Lf(a2 — ap) — Al (as + a1o)] X(B:pK)
1

oAk [pf (ae - 5aa) XB10 4 o8 (a6 + aa)xis”’K)} }

+(ai — af, X¢ — Xi),

2
m,),
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Two body hadronic B decays
Matrix Elements

@ The decay B — V4 V. is described by the amplitude
A(B(p) — Vi(pr,1)Va(p2, £2) = Aoy - 5 + A1 (g5 - p2)(e5 - 1) + iAz €770} e3Pt P2s
@ The three helicity amplitudes can be rewritten in the transversity basis as:

A = —xAg — m1m2(x2 —1)Aq, ‘AH = —\/E.Au
AL = —V2mima/x2 — 1 A, xz%
@ Inthe LRM,
G

BV, V, B, V4V,
A(B — VyVp) = > > AgL [o’ix; 1:V2) +cix(i 1 2)} = JAB > V)2 = AP+ 1A, 12+ |A”|2
q=u,c

@ In the helicity basis,

GF n / I 2 2 (A A 2
A = Ag [foma(mg +my) (¢ — cl) Ay(mB) — fgm (€A + ) vi(mB))
q=u,c
G n [ 2fmy I / 2 A A 2
Ay = £ A 2272 (el ) ag(md) + 15 (€A + ) Vo(mB)
1 V209 | g am ( 1) Ap(m3) + 1 ) Va(mp
G L [ 26mp I I 2 A A 2
A, = L ALk 2272 (el el ) vmd) 415 (A - ) amB)
2 \/éqzzu‘C T mg + my ( ) vims ( 1) A

= Right-handed contribution can enhance 4 and 4.
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Two body hadronic B decays

Matrix Elements

@ Example of B — VV transitions

AB™ — pK* )y

AB™ = p K%,

where

Soo-hyeon Nam (KISTI)

Gr LH St H L HY| pBoK*
?mZB fo |:)‘u a4 _5)" (a7 +ag)| Fy

o It — gy AL (g 4 g FB—e
e [ Ag (82 — ap) — At (&) + aio H

s [AA(al — ) — A% (af + p — 2mwef? (a5 + )] P L.

Gr > wl i V1V n\ o
— —fux A (@, — zay ) Fy °
\/éms{ K* At s~ 580 )

i [V ol ol (a4~ (4 + )] ),

a' =a+puya, p=p;=—Tadps =1
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Summary

@ For a given effective weak Hamiltonian, there are two important issues in
the study of the hadronic matrix elements for nonleptonic decays of heavy
mesons: One is the renormalization scale and scheme dependence of
the matrix element, and the other is the nonfactorizable effect.

@ Factorization approach is well poised to becoming a useful theoretical
tool in studying nonleptonic B decays in many(not all) decays.

@ Predictive power of the factorization approaches comes from universality
of nonperturbative inputs, such as meson wave functions.

@ One should reduce "hadronic uncertainty" before considering any "new
physics".

o’

MsTi

Soo-hyeon Nam (KISTI) Non-leptonic two-body B decays Tevatron B physics workshop 19/19



	Effective Hamiltonian
	Operators
	Wilson Coefficients

	Two body hadronic B decays
	Factorization approximation
	Form Factors
	Matrix Elements

	Summary

