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Introduction

Decay amplitude of the B~ — ~/f; process

A(B™ — b)) = Gf};”b ((me)(@)y(P)|€~" (1 — ys)vetiy (1 — v5)b|B™ (pB))

The amplitude is determined by two from factors Fy and Fs

T (pyq) = — i/d41: eiPI(O|T{jZm(x) Yy (1 — v5)b}| B~ (mpv))

= Guuqu¥’+i[Uupu 7v’pguu]FA+"'

Theoretically clean: factorization properties of exclusive B decays, extract
important non-perturbative parameters of B meson.

[Korchemsky, Pirjol and Yan hep-ph/9911427; Descotes-Genon and Sachrajda hep-ph/0209216;
Wang and Shen 1803.06667; Beneke, Braun, Ji and Wei 1804.04962; Belle, 1810.12976;

Galda and Neubert 200605428; Shen, Wei, Zhao and Zhou 2009.03480; - - - |
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Introduction

E., ~ O(my), light-cone vectors n and 7i: n> =n? =0, n-n = 2.

Power-expansion parameter A = O(y/Aqcp/my,).

We have momenta:
—_— - hard py: (- py, 0 py,peL) ~ mp(1,1,1)
p-k - soft ki my (A2, A2, \?)

collinear p: my (1, A%, \?)
a(k) H—LEL

|

hard-collinear p — k: my(1, A%, \)
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— - collinear p: my(1, A%, \?)

o]l
=
ff
]

hard-collinear p — k: my(1, A%, \)

Two perturbative scales: hard scale O(my,), hard-collinear scale O(Amy)
B~ — ~Ly,; decay form factors at LP

wMB = * dw )
- 'prB(u)C(n-p«mb.,u)/ — I pw, w)oh(w. 1)
0

n

Fyja1p =

w: projection of the soft-antiquark momentum on the light cone 7 - k.
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Method of regions

With the method of regions, one could calculate contributions from

different momentum regions [Beneke and Smirnov hep-ph/9711391]
A simple example M > m [Becher, Broggio and Ferroglia 1410.1892]

k ln% 7lnM 2

(e o) po m
I_/O dk(k-2+m2)(k:2+M2) T M2-—m?2 T M? +0(W)

Reproduce the LP result with M > A > m

a k & k
= / S E TR 1 ) +/A S E TR e 1 )

L(s) I(n)

Factorization formula I = /() + I},), cancellation of A

A 2 2
k 1 k 1 A A
Ty = [ g e (g~ s ) = 3= () 3

2

oo k 1 m 1 M A?
I@*/A d’“m(ﬁ‘ﬁ+"')*WID(X)HMN”'
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Method of regions

k
I = ——m
L *mrmmrmm =

Separate the low-energy and high-energy regions with dim-reg

< k 1 k? 1 /1
I<S>(o,oc)f/0 dkk W(W_WJ“"') M2( +1n E)—F"'

2

e _ k 1 m 1
I = e (= _ = e ) = — [ = =
(0,0) /0 dkk - m) (k2 wr T ) M2< ¢ +1nM) +

No double counting between low-energy and high-energy regions
I(5)(0,00) = I(5)(0,A) + I5)(A,00), Iy (0,00) = I(ny (A, 00) + I(n)(0, A)

2

I (A, 00) /dkk Ic(M2—M4 -2+
1

I(h)(O,A):/OAdkk Ek(ﬁ—ﬁjL )(72 A’%Jr)
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NLO factorization formula

QCD one-loop diagrams: expand the loop momentum in different regions

—»—T>—’ —_—

2, é
2, S
2, Q S
2, & S
2] S S
S € s
5(3 %, =3
& 2 S

& e

e e Ty T

Three loop-momentum regions:
hard region my (1,1, 1), hard-collinear region m;(1, A2, \) and
soft region my (A2, A2, A\?) < matrix element of operator
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Soft collinear effective theory

effective fields in SCET & regions in method of regions

prove factorization formula to all order in a4
systematically extend to subleading power
derive RG equations of operators and resum large logs

@ Below hard scale O(my,) we need SCET;: multipole expansion
Ehe ~ A, A~ (LA,
qs ~~ )\31 h’u ~ )\3' A/SI ~ ()\27)‘23 )‘2)

LscET; =
(L L0+ )LD (LD LD+ )LD +LE + )+ Luger

@ Below hard-collinear scale O(Amy): SCETy;

Een N A~ (LAY g, by, A,
LsceT, = (5 SR R C AT et
(L)

Y.B. Wei (TUM) B — ~viv Nov. 182021 8/ 17




B~ — ~/lv, form factors at LP
We consider the matrix element of heavy-to-light current
(v(P)a(1 +75)7b|B~ (pB))

A tree-level analysis: integrate out hard and hard-collinear fields by EOMs
[Beneke and Feldmann hep-ph/0311335]

b= hy + O(Aw), ﬂ:f’cw(ﬁﬁﬁ +1)+a<4>+m
in - 8
LP SCET;; operator scales as \°
% em _
Op =g Alc—= Yo (1 = v35)ho

in-8
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B~ — ~/lv, form factors at LP

e Operators in SCETy scale as A4
T{éhe(L + 1) who, £}

Translating AT} to A7 will generate an additional A factor.
O(\?) operators with field contents &,.A | n.hy Will not contribute at
LP.
O(X%) operators with field contents gsh, will also not contribute at
LP.

@ Operators in SCETyy contain power enhanced factor 1/(in - 9) which

acts only on soft fields. [Beneke and Feldmann hep-ph/0311335]
The # of 1/(in - O) is constrained by RPI

n—an, n—a '@, witha~O(1)

Factorizable SCETyy operator: all orders in ay

— em 1
OrLp = qs% AT ———=7 (1 —v5)hy
in -0
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QCD to SCETj: hard function

From QCD to SCET;
(14 5) b= / d50(3)[(EneWhe)(sm) (1 + 75)7ho]

@6 G000 00

QCD diagram at NLO
SCET; diagrams at NLO

060Uy
égG m%
2
3 ﬁ_g % ,,,,,,,

C at NNLO [Bonciani and Ferroglia 0809.4687; Asatrian, Greub and Pecjak 0810.0987;
Beneke, Huber and Li 0810.1230; Bell 0810.5695]
Renormalization of the composite SCET; operator.

Po

600y Ui
333999
o

X >

00
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SCET; to SCETy;: jet function
From SCET; to SCET1
T{EWie) L+ 1) 1h, i = [ L@@ Vo) ) § AT (1= 7)Y e

2

SCETj diagrams at NLO

PN

L
{
%‘:ﬁ

=
S
20505
Jet function at NNLO [Liu and Neubert 2003.03393]
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B~ — ~vlvy form factors at NNLO

u 5 > d )
e meB(u)C(n~p-,mb-,u)/ = J(n - pw, w)éh(w, 1)
n-p 0o w

Fy/a,Lp =

Factorization scale 1 — hard-collinear scale
Large Logs

- In(my/p), n(n-p/p) from C and fp

- hl(AQCD/‘u,) from (Z)E (tWO—|OOp 7Y [Braun, Ji and Manashov 1905.04498])
Numerical result [Galda and Neubert 2006.05428]

InLo = [0.731 4+ 0.03502 — 0.003 03 + ... |,

1
AB
1 _ _

o = 3~ [0.664 e +4.36 70410202+ 0.351357 - 10 2 03 + ... ]

NNLO result is about 10% smaller than the NLO result.
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Subleading power corrections

@ Power corrections are numerically important in B decays

Aqop/my  ~  as(p)/m

NLP@QLO ~ LP@NLO, NNLP@QLO ~ NLP@QNLO ~ LP@NNLO

@ New phenomena will appear [Beneke and Rohrwild 1110.3228]

Fuoia = L2 R(E,) +[e(5,) + (Rpele  Qemelo )]

- Local symmetry breaking terms
- End-point singularity: same as B — V' form factors
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Subleading power corrections

NLP SCETyy operators scale as A3

@ Power suppressed operators

- Local SCETyy operator g A" A,

- SCET; operators £, A | pehoy:
hadronic structure of the photon

@ LP operator with power suppressed
Lagrangian
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NLP numerical results

HNNLL
1.0+ R

__ pMNLL
o8 RLL

—¢ —AL
o éfa(‘, R Afhc
.......... EMP ol AL

Ap = 0.35 GeV

~0.4k,

2B, [GeV]
[Cui, Shen, Wang, Wang and Wei]

Fyja=R+€6+ A

R: LP
&: symmetry conserving
AE: symmetry breaking

ghw, Aghv:
hadronic photon

NLP contributions bring about O(20%) correction
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Summary

% Introduction to method of regions

% B~ — 4y, form factors Fy and F4 at LP

e Calculation from method of regions

e SCET:| QCD — SCET;y — SCETy
O(myp) O(Amy,)

s Subleading power corrections: numerical results

Thank you!
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