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Abstract
| consider factorization properties in B decays
in soft-collinear effective theory. The idea of two-
step matching is used to prove factorization in

SCET.
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Soft-collinear effective theory

Bauer et al., Phys. Rev. D 63, 114020, (2001), Phys. Lett. B 516, 134 (2001); M.
Beneke et al., Nucl. Phys. B 643, 431 (2002).

e Three scales exist for an energetic particle. The
momentum can be decomposed as

p# — Mn#_l_pi_i_wﬁ#
2 2
= 0(Q) +0(Q)) + O(QN?).
2 _ 52 _ e m = r\J2£
(n—n—O,nn 2, A Q)

e Construct effective theories (SCET, SCETy) by
integrating out the degrees of freedom, not excitable
at the scale.

e Matching: Physics is the same at the boundary.
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1. SCET; (VOQA < u<Q): N ~+/A/Q,

collinear fields with (p*,p~, pt) ~ Q(N\?,1,\) and
ultrasoft fields with p#, ~ Q(\')2.

2. SCETy; (,LL < \/QA)Z A~ A/E

collinear fields with (p*,p~,p*) ~ Q(A\2,1, ) and
soft fields with p# ~ Q\2.

— Power counting of the operators can be made
consistent.

full QCD v, A*
v p* ~ Q?

collinear, ultrasoft, soft particles
SCETI €1 q'u31 A%; A'LL

Us! o« o

p? ~ QA
SCETy; collinear, soft particles
& qs, Af, AL, - -
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Factorization

: ?
e matrix elements of four-quark operators = product
of current matrix elements

?

<7T7T|§1F1Q2 : §3F2b|B> = <7T’§1F1€I2|0><7T|§3F2b|3>°

1. Naive factorization has been assumed with the

argument of color transparency.
2. It can be proved at leading order in SCET.

e long-distance and short-distance physics separable?

In SCET, the decay amplitudes can be written as

/ deodndhs T(w)J (w,m, k) O, k),

where T (J) is the Wilson coefficient in SCET]
(SCETYy;), and O is the four-quark operator.

1. This property is important in B decays.
2. We can consider higher-order corrections based

on this.
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Effective Lagrangian in SCET];

P
Collinear Lagrangianj

-

_/ _ 1 ,
Cé? = f(fm - D+ ZﬁcLWﬁlech>%€a
Ly = (Ew)ipy, 1WwDCL ¢
+ (& W) —zgzﬂ WT %

+(EZ¢0LW)%Zﬁ ) Dus%%WTiﬁcJ_f-
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g
Ultrasoft-collinear Lagrangian ]
-

_ _ 1
,Cg]) — E(gAnL — ZﬁcJ_ i D
‘Cgl) = _7{ (g’n A, + chJ_gAnJ_) Qus

_@p

gﬁ ) An) Qus T h-C'7

gn Anqus + h.c..

W = Z exp(—%ﬁ : An).

perm
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Description of B decays in SCET

C. W. Bauer, D. Pirjol, I. W. Stewart, hep-ph/0303156.

202
P Q\x o B
wwﬂﬁjgﬂﬂppgpg)%g;)}) e
999‘)%§
A N
P2~ A2 ] p2~=(_QA ______ D 2_:1_\2
1. SCETh
e Construct heavy-to-light current operators in
SCETY.
_ = = T o Fai
b

e Compute the time-ordered products and integrate
out the modes of order p* ~ QA.

(n")
J(m) g Leg
h > 3 L
) ]
) ))
) 5
-k S P
¢ T e (n)
‘Cﬁq ¢ Eﬁq
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e Decouple the ultrasoft modes by the redefinition

§H — YT§7 An,II — YTAnY,
0
Y(z) = Pexp (zg/ dsn - Ays(ns + x)),

— 00

and evolve the operators in SCET;.

2. SCETq

e Construct gauge-invariant heavy-to-light current
operators.

B — D7 : (hThhe) (EWT,WTE),
C. W. Bauer, D. Pirjol, I. W. Stewart, Phys. Rev. Lett. 87, 201806 (2001); S.
Mantry, D. Pirjol, I. W. Stewart, hep-ph/0306254.

B — [(EUW)Q(STh)a} [(YdW)B(WTXU)B}

V-A VA

J. Chay, C. Kim, hep-ph/0301055, hep-ph/0301262.

2
€My,

B— K*y: (EW)WL(l +75)STh

J. Chay, C. Kim, Phys. Rev. D 68, 034013 (2003).

872
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e Collect all the terms at leading order in SCET.

(a) leading-operator contributions without spectator
quarks

(b) nonfactorizable spectator contributions

(c) spectator contributions to the form factor

ICFP2003 9



Junegone Chay October 6, 2003

Factorized results

The decay amplitudes can be written as
A;|Ol =T, + N; + F;.

For example, in nonleptonic decays, they are given as

J. Chay, C. Kim, hep-ph/0301262.

T, = /dnC (1, po, 1)
X (EWu(1 = 5)STh - XW8(n — Qp)y*(1 F 75)W x)

= :l:ZfMQQE/ duC’f“ W, o, (4)Par2(u, 1)
< (MW (1~ 13)STH[B)

1
— :l:/l'mQBfM2 / duC(,LL()aM)Cg;f,i(u?ﬂOa:UJ)qﬁM2(u7:UJ)7
0
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N, = [ d'aCl 0 @) + O (a), il (o)

— /d’LLd’Ud?“_|_Cé¥f’i(,u0,ILL)JZ-N(”LL,’U,’I“_|_,ILLO,ILL)
X Nifsfvrfasdn(u, w)dne(v, w5 (1, 1),
Fi = [ duddry Cly (a0, ) JE (0,74 o, 1)

X Nifsfafazdan (u, p)da(v, w) oG (re, w).

e All the contributions can be written in a factorized
form.

e The convolution integrals are finite at leading order.
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Perspectives and conclusion

e Many types of B meson decays are proved to be
factorized at leading order in SCET and to all orders
In o.

e \We may need subleading contributions.

1. Operators at subleading order,
2. Meson distribution amplitudes at subleading
order.

e Argument for the need of new modes called
“messenger modes” (p* ~ (A%, \, \3/2)).

1. Can we treat the modes with p? ~ E\37?
2. We have some evidence that they should not be

included.
3. It can be the difference in the formalism in SCET.

e Power counting of various physical quantities in
SCET;.

e A new way of considering B decays is wide open
from first principles.
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