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Why power corrections?

@ Understanding the general properties power expansion in EFTs (HQET, SCET, NRQCD).

@ Interesting to understand the strong interaction dynamics of heavy quark decays.

> Factorization properties of the subleading-power amplitudes.
> Renormalization and asymptotic properties of higher-twist B-meson DAs.
> Interplay of different QCD techniques.

@ Precision determinations of the CKM matrix elements |V,;| and |Vp|.
Power corrections, QED corrections, BSM physics.

@ Crucial to understand the CP violation in B-meson decays.
Strong phase of <7 (B — M| M,) @ m,, scale in the leading power.

@ Indispensable for understanding the flavour puzzles.
> P anomalyin B — K*(T(".
> Color suppressed hadronic B-meson decays.
> Polarization fractions of penguin dominated B(;) — VV decays.
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General aspects of B— y{ v

@ Tree diagrams:

Kinematics:

np_
pe=ptq=mgv, p=-—ri, q=

@ Decay amplitude:

A5 =709 = T2 (i) {1 ) P (1= v+ 0 7 (1) .

Hadronic tensor:

Toalpa) = [de OT{ven(). [a0(1- 15 O} B~ (r+ ),
= vep[—iguvpon’ VO Fv(np)+guy Fa(n:p)] +vvpuFi(n-p)
+vupvFa(n-p)+v-pvuvy F3(n-p)+ p:f%ppv Fy(n-p).
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General aspects of B— y{ v
@ Ward identity [Grinstein and Pirjol, 2000; Khodjamirian and Wyler, 2001]:

ypv T (p,q) = —(Qp — Qu) f5 Pl -
|

Fav-p)=—Fi(v-p),  Fav-p)=— 2~ Qufams

(v-p)?
@ Reduced parametrization:
Tvu(PJ]) = _iV'Peuva'anGFV(”'P)"" [gqu'P_Vqu} ﬁA(”‘p)
(Qb —0u )fB mp
— 2 ZWIBTE vy
V-p

contact term

@ Absorb the photon emission off the lepton [Beneke and Rohrwild, 2011]:

. - Qufs
[guvv-p—vvpu] Fa(n-p) = —Ocfsguv+ [guvv-p—vvpu] [FA(H -p)+ ey
—,—1
vyp
+E 0y fi Fa(n-p).
v-p
irrelevant after the contraction with &
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Current status of B — y{ v

@ Factorization properties at leading power [Korchemsky, Pirjol and Yan, 2000; Descotes-Genon and
Sachrajda, 2002; Lunghi, Pirjol and Wyler, 2003; Bosch, Hill, Lange and Neubert, 2003].

@ Leading power contributions at NLL and (partial)-subleading power corrections at tree level
[Beneke and Rohrwild, 2011].

@ Subleading power corrections from the dispersion technique:
> Soft two-particle correction at tree level [Braun and Khodjamirian, 2013].
> Soft two-particle correction at one loop [Wang, 2016].
> Three-particle B-meson DA’s contribution at tree level [Wang, 2016; Beneke et al, 2018].
> Subleading effective current and twist-5 and 6 corrections at tree level. [Beneke et al, 2018].

@ Subleading power corrections from the direct QCD approach:

> Hadronic photon corrections at tree level up to the twist-4 accuracy [Khodjamirian, Stoll,
Wyler, 1995; Ali, Braun, 1995; Eilam, Halperin, Mendel, 1995 ].

> Hadronic photon corrections of twist-two at one loop and of higher-twist at tree level [Ball
and Kou, 2003; Wang and Shen, 2018].
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The general picture

@ Schematic structure of the distinct mechanisms:

AN 12 A\ 32
A: hard subgraph that includes both photon and W* vertices <—> + (—) +
mp, my
AN\ 32 ’
B: real photon emission at large distances (*) +
my
A \32
C: Feynman mechanism: soft quark spectator (—) +
my,

@ Operator definitions of different terms needed for an unambiguous classification.
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Method I: Dispersion technique

@ Basic idea [Khodjamirian, 1999]:

Toulpea) = [ 5™ O {jeno), [0 = 18] O}B (0 )] -

. B _ ~B _
v-p {_lsﬂvpa”p VGFVH}” (”'lh”'l’)""gtv FAHVk ("‘Pﬂl‘l’)] +

@ Power counting: n-p~0(my), f-p~0O(A).

@ Dispersion relations [Braun and Khodjamirian, 2013]:

o0 By /
By _ 2 fomp 2mp 51 , Imy Fy, 70 (n-p,00’)
F . . = P~ \% — dof —— ~ " 7
\4 (l’l p,n p) 3m’2)_p2_i0m8+mp (q)+7f.wj w/—fl‘P—iO )
o0 ~B—Y* /
SRy _ 2 fomp  2(mp+mp) o 1 JAmg By (nep, @)
F . . = — A — dey ——4 -~~~
A (nepiiop) 3 m3 —p*—i0 n-p l(q)+7r.ws @' —ii-p—i0

@ LCSR for the B — p form factors:

2
2 m 2 1 [0 /
,fpﬂEx 7P Lv(f) — ,/ da e /o [Imw/Fgﬂﬁ(n-p,w’)],
3 np n-py | mp+np T Jo
2 fopmp my | 2(mptmp) o, 1 /"" P B
L na) = L[ ol e [y B 0]
3 np Xp - pow np 1(q7) 7 Jo o e mgy Fy " (n-p,0)
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Method I: Dispersion technique

@ Improved dispersion relations (setting 7 - p = 0) [Master formula I]:

m:—a'n-
Fy(n-p) = 7/ dco’np p{ P p} [Imw,Fﬁﬂ’*(n-p,w’)],

n-p oy

nonperturbative modification
1 1
L e = [Imw/F Y (npw )].
T Jo,

@ Comparison with the HQE result [Master formula II]:

1 /= 1
Fop) = o [0l G [img T p. o)

HQE expression, not always well defined
2 ’
1 o n-p mg—o'n-p 1 Byt
Z [ aw TPy | B {1 F -,w’].
o (e[ ) L iy )

@ Spectral density at tree level: o)
Quf Bmp

1
—Imgy FEoT

n'pzw/) ¢B ( lvu)+ﬁ(aS7A/mb)'
——

of ﬁ(l/A)[ (1/mp)] for &' ~ O(A) @ ~ ﬁ(Az/m;,)]
Power suppressed soft contribution!
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Method I: Dispersion technique

@ New Improvement I [Wang, 2016]:
> Soft two-particle correction at NLO:

2 !
soft, NLL s nep mi—aw'n-p 1
F;/O,zlp ("p) o< b do’ ) Exp pn-pa)M T ¢B+_eff(a),‘,nu>1
o

¢l;r.eff((“),7”) = ¢5 (o', u0)+ %}L_CF [New] .

> Three-particle correction with KKQT parametrization at tree level.
@ New Improvement II [Beneke et al, 2018]:

> Compute the matrix element of the subleading effective current gy, 2’— h, at LO.
myp

> Three-particle correction with BIM parametrization at tree level.
> Twist-five and -six four-particle corrections in factorization approximation.

4 4 4

g s ¥

a) b) c)
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Method II: Direct QCD approach

@ Leading power contribution at NLO:

@ Perturbative QCD factorization formula:
m ,
Fy.Lp(n-p) =FaLp(n-p) = Q:.pr (1) Cyr(n-p,u) / dw%h("%w#%

@ Both the hard function and the jet function can be determined with two different methods.

C 1
c, = 1-% F[zl 2B s B —2Li2(1—7>—ln2r
4r n-p my r
+3 1nr+—+6
1- 12
(XSCF 2 ‘uZ n2 2
J = 1 1 ———1 oay).
L + 4r {n n-p(@—n-p) 6 +0(a)
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QCD resummation for the leading power contribution
@ RG evolution of the hard functions at NLL:

d [
. = | = Teusp() 1 P,
dini Ci(n-p,u) p(1t) Hﬂp*?’h(#) Ci(n-p,u),
threeloops twoloops

F(u) = 7(u) fa(u).
—~~

twoloops

dinp

@ RG evolution of the twist-two B-meson LCDA at one loop [Lange and Neubert, 2003]:

g (o.p)

dll’l[,t [rcusp(as) +7’+(0€s)] ¢B ((D IJ / d(‘) F+(a) a) I'L)(pB (0) I'L)

> Renormalization of [g,(¢71) I'b,(0)] does not commute with the short-distance expansion
[Braun, Ivanov and Korchemsky, 2004].

(@) ERFT (b Ok = X 5 [2:0) - DY iTD,0)]
p=0 P R

> Eigenfunctions of the Lange-Neubert renormalization kernel [Bell, Feldmann, YMW and
Yip, 2013].
> Two-loop evolution of ¢5 (@, it) essential to the NLL resummation.

Yu-Ming Wang (Nankai) B — ylv Zhengzhou, 27. 10. 2016 11/30



QCD resummation for the leading power contribution

@ (Partial)-NLL resummation improved factorization formula:
Fyip(n-p) = Farp(n-p)

Qurmy [Ua(n-p, 2, 1) 3 (tn2)] [Ur(n-p, iy, 1) Co(n-p, )]

n-p
w0 +

></ deJL(n-p,w,u).
0 @

4r

2 2 2
—)~,).M“;>{1+O‘S(“)CF [mz N P Gl(,u)Jer(,u)f%fl}}.
-

pHo n-pio

@ Inverse-logarithmic moments [Beneke and Rohrwild, 2011]:

_ © dw < do o
Al _ aw s+ ) () = 2 / a0 + )
5 (1) b ® op (0,u), op (1) 5(H) b @ n o o5 (0, 11)
):/:‘,U()’ = 7(1\[“”)(1 lni {272111£7—1G},I‘[,U()1}v/’»‘\a\:,‘.
Ag(l) 4r Uo o ’
d__m

dingi oy (1) = O(0) = No [as(1)]° In(1t/ 11g) due to the evolution.

@ Not aiming at resummation of In* (g /pty) given the fact that y ~ 1.5GeV and yy ~ 1.0GeV.
Resummation in the “dual” momentum space [Bell, Feldmann, YMW and Yip, 2013].
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Sub-leading power corrections in QCD

@ Subleading-power local contributions [Beneke and Rohrwild, 2011]:

Oufgmp  Opfsmp
FiC n-p =—FL¢ n-p)= +—.
vaep(np) A,NLP( ) (n-p)? n-pm,

> O, term: Subleading correction from the hard-collinear u-quark propagator.
> (), term: Subleading correction from the photon radiation off the b-quark.
> Power suppressed local contributions violate the large-recoil symmetry relation.

@ Subleading-power non-local contribution:

FY3ip(np)=E(v-p) < *(nl.i;)z Cinep(n-p,p)

></ds<0

A systematic SCET treatment of power corrections to B — y/v in demand.

in- 3
[#7] (7) ——= (1= ) [¥{ b,](0)

@ B — ylv with scalar fields [Beneke and Feldmann, 2003]:

(Y13b) = (Co+C1) w9+ [Canbyng| +[01%Ca] %0,5.

Communication between the soft and collinear systems.
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Twist-two hadronic photon correction from LCSR

@ Main task: QCD factorization for the vacuum-to-photon correlation function.

Mup.g) = [dee™™ () T{() s (1= 1) (). BO) 1 u(0)10).

weak current

n-p~O(mp),
(p+4)* —mi| ~ 6(m3).

@ Power counting scheme: K\%‘—»\_— v

pt+aq
@ QCD matrix element at LO:

Fulp.q) = /d4xei“(Q(ZP)EI(EP)|T{'7(X)Y;LL(1*75)17( ), b(0) 51(0)}(0),
=3 p+a) +n%52 o0 P s (1+35)v(Ep).

Hard-collinear factorization for the considered correlation function (pion-photon form factor).
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Twist-two factorization at tree level

@ Operator matching automatically:

O 1 & /14(0)
o, X
)= ZZ(PJFCI) +Z’qum§+i0*< A’“(z’z»

@ Collinear operator in the momentum space:

0u@) = 5P [are ) W(en 0T E0),

Ty Yurh (1+75).

@ Matrix element of the collinear operator:

(0au(2,2)) = (4(zp) 4(zP)|0a 1 (2)]0) = E(zp) Yurth (1+15) E(zp) S(z— )+ O(at) .

@ Operator matching with the collinear operator defining the standard photon DAs:

Oap = O1p+02u+0Ey,
n” B n” op
Q,
rn = Ypl’/iv I = 7 Euvap O ", 1—‘E = Vuiﬂ Y5 — Euvaﬁ o
evzmescent operator
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Twist-two factorization at tree level

@ Operator matching with the evanescent operator:

Fu(p,q) th (p+9)%,4%) * (Oiu(2,7)) .

Expansion |} at tree level

i g
27Z(p+q)?+7q*—m+i0’

@ Hard-collinear factorization at tree level:

i N .
HM(ﬁ?Q) = EgemQuX(.u) (qq)(n)e a(p) gﬁaflep.avﬁ”vvﬁ
! n-pi-q
X dz , +0(ay).
/o 20z, 1) 2(p+q)*+74> —m +i0 (a)

Evanescent operator does not mix into the physical operators at LO.

@ Twist-two photon DA:

MﬁaﬂmwmQmﬂwmzwmQHMWWWMm%—m%[gﬁ”“%@M~
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Twist-two LCSR at tree level

@ Hadronic dispersion relation:

i fam>
Hﬂ(p7q) = EgEm mb_'_f;l g*a(p) [ m F\ phomn(n p)*ls,uav[i” vﬁ FV phomn(n p)]
u
n-p N /°° pii(s,4°) .
(17+q) —my+i0  Js, s—(p+q) —i0

@ Tree-level sum rules:

Sems_oprr !

_ dz fzq my
my + my V(A), pholon(” P) Qul(“) <qq>(“) . ?CXP |:_ 7ZM2 (])y(Z u)+ ﬁ(OCY).

@ Power counting scheme:

2
- so—m
sofmlz, rszwﬁ(mbA)7 70 = bw AJmy
50— ¢
!
3/2
2PLT ~ F2PLT ~O A !
V,photon ™~ £'A, photon ™ I’I’TI .
2

Hadronic photon correction is power suppressed in the heavy quark expansion
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Twist-two factorization at NLO
@ QCD matrix element at NLO:

MF_ w5

@ Extracting the hard contribution with the method of regions:

F}(ll)(%q) _ Z Ti(,ix)ard(zla(P'f“I)zqu) *<0i,y(z,zl)>(0)+----
=12

One-loop QCD amplitude in NDR scheme:

2
(1) _ o, Cr 1—nr 1—r 1-r3 1—r 3 1 H
Ti,hard|NDR = jlfr (=2) n—r2 In + In + S tin—

1l—r, rn—-n 1—r 1-—n € mi
2(1— 1— 2(1— 1-—
JAmn) (o mn 20en) ) en
r—nr 1—n ry—r3 1—r3

1- 1- 1- 1-
(G2 ) R ) - )
rn—nr r—r rn—n r.—rnr

2 2n-2) 6  2-r 4
+{ n (r3 )+ " +7_4} ln(l—r1)+-.-}C(O)
ri(rs—ry) r3—rp

1—}’1 rn—nr r
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Twist-two factorization at NLO
@ Expanding the matching equation at NLO:

y Ti(l)(zl, (P+9)%,4%) % (0; u(2,2))©

i

i

=¥ [ ¢+ 0% ) < (0uu N0 + €O, (+ ) 6 (022N

@ One-loop renormalized matrix elements of collinear operators:

0" =L Ml + 2] (0.
J

ij,bare

Vanishing bare matrix element M, (- 1 dimensional regularization =

ij,bare
I N M L L R e R
J=12,E ————
T,( ]h)arrng operator mixing

@ The IR finite matrix element of the evanescent operator vanishes (Dugan and Grinstein, 1991).

Zl(i't) - Mé?z)bare

IR singularities regularized by any parameter other than the dimensions of spacetime.
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Twist-two factorization at NLO

@ Master formula for the hard function:

P =100~ )+ P M = T+ P MG,

@ The IR subtraction:

Only the first diagram can potentially generate the operator mixing.

Cg;) « pDsoff

ibere = 0, with i =1,2.

¥5-scheme independent subtraction term!

C(l) T(l),reg

i — tinard -
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Twist-two factorization at NLO

@ The NLO factorization formula:

Hu(P)q) = gem Qun-p X (1) (Gq) (1) S*a(]’) [gﬁa - isl-wévﬁ n” Vﬁ]

[ ety ) [0 0+ 020 + e (o +0,)] + 0(2).

@ RG evolution of the twist-two photon LCDA [Lepage and Brodsky,1979]:

2 () @a) ) 0] = [ 6 V(e) [2lw) (@) (0000
Vo(e,?) = 2Cr [éﬁ@(x—z’)-&-gi9(2’—2)}+—CF5(2—2’).

New term!

Multiplicative renormalization at LO:

% (o) (G4) (Ho) an(Ho) G > (22— 1).

20) @0 () By e ) = 622 3
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Twist-two factorization at NLL

@ NLL resummation needs two-loop evolution kernel [Belitsky, Miiller and Freund, 1999; etc]:

~ N, ~ ~ ~
Vi(z,d) = Tf CrVn(z,7) +CrCaVs(z,2) + CEVF(2.7).

Two-loop evolution of the Gegenbauer moment [Miiller, 1994/1995]:

X (1) (@a) (1) an () = EFRC (1, o) X (Ho) () (Ho) an (o)
n—2
+ AT Y o) 1, 0) 20 7)) )

Construction from the forward anomalous dimensions and the special conformal anomaly matrix.

@ NLL resummation improved factorization formula:

M(p.g) = gemgun-px<m<qq><u>e*“<p>[gﬁafiemﬁnwﬁ]
« X an() Kallp 074 +0(e0),

dispersion form

o0 ds o, C
IS PN (V] S &F (1) 2
" [p (s.q7)+ = p <s,q)]

@ NLL twist-two LCSR of F%/I?]g‘gulon(n -p) can be constructed immediately.
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Higher-twist hadronic photon corrections

@ General picture:

T T

q

,

1A+11,JJJ$HJ‘

Higher twist corrections from both two-particle and three-particle photon LCDAs.
@ Systematic studies of the photon LCDAs [Ball, Braun and Kivel, 2002]:

<7(P)|‘_I(x) We(x,0) Cop ‘1(0)‘(» twist 2 twist 4

1 . —_—— 2 =
= igem Q¢ (a9) (W) (Pp €6 — P ) /0 dze' ™ {x(u)%(wﬂg Alz,p)

i @) u) . . /’1 i2p-
+ - £, —Xq € dze'*P* hy(z,10) .
2gequ g-x (xB o~ Xa ﬁ) b ze (2 1)
twist 4
(v(P)|g(x) We(x,0) gs G (vx) itp q(0)[0) twist 3

" .
= gem @ f3y(1L) Pp (pﬁ €y, —Pa ezg) /[@ai] ol (g +vag)px ‘V(ai,li)\~

Can be rewritten as collinear matrix elements in SCET [Hardmeier et al, 2006].
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Two-particle higher-twist hadronic photon corrections

@ Two-particle higher twist corrections:

P ((p+a)*q%2) PR ((p+9)*.4%,2)
[(zp+q)2 —mp+i02  [(zp+q)? —mj+iO0P

P (p+9)%d%2) PP ((p+9)%.4%2) }

(cp+q)? —my+i0P  [(zp+q)* —mj +i0]
> Two-particle higher twist corrections violate the symmetry relations of B — Y form factors.

i

1
Mu(p,q) D 4gequ(p~q)/0 dz{e;

Vo Vﬁ

7i£umﬁ €

PA2 =/Pv2,  Pa3 =/Pvs-

> Heavy-quark scaling of the two-particle corrections:

2PHT, LI 2PHT, LI AN
FV,pho:lo‘n‘(n 'p) ~ FA.ph(\‘lo‘n‘(n 'P) ~ <%> :
> Only suppressed by one factor of A/my, compared with the “direct" photon contribution.

> No correspondence between the heavy-quark expansion and the twist expansion [see also
B — 7 form factors, pion-photon form factor].
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Three-particle higher-twist hadronic photon corrections
@ Quark propagator in the background gluon field [Balitsky and Braun, 1988]:
(0|7{b(x), b(0)}|0)

. &k ] VX +my,
ngs/(zﬂ)é‘e ‘kx/o dv {kz ; G“V(vx)yvfz(ffWG‘”(vx)G“v +..

@ Three particle corrections at tree level:

P ((p+a)*, ¢, i)
[((0g +vag)p+q)* —m2+i0]2

My(p,g) DO igemQq(p-q) /ldv /[@ai]{eﬂ{
PA3((P+II) 7q a;,v )
(g +vorg) p+g)2 —m? +i0]

% p\%’?z((]’+q)27q27aivv) T pV”G(Q)'i_q) qz,(X,',V)
(g +vag)p+q)? —mi+i012  [((0g+vag)p+q)> —mj+i0P

vaB

3 :| 18#‘,043 €

@ Heavy-quark scaling of the three-particle corrections:
3P,LL 3P,LL AN?
Fi/A i)hmon (n [7) FA photon (n [7) <E> :
Double suppression compared with the “direct” photon contribution.
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Final expressions of the B — ¥ form factors

@ Adding up different pieces together:

Fy(n-p) = Fyp(n-p)+FySip(n-p) +Fy photon (D)
Fa(n-p) = Farp(n- P)+FA Qp(np)+Fy pholon(n p)+Fy
n Ouf .
Vep

@ Breakdown of various contributions [Ag = 354MeV]:

0.8
FyQE)
0.6
04 e
0.2
10+F o
Fie
0.0
10+F Giion
— F} ioion -
-0.2
3.0 35 4.0 45 5.0
Yu-Ming Wang (Nankai) 2E, (GeV) B — ytv

2PHT,LL 3P,LL

ZPHI LL
A, photon (i’l P) +F A photon (l’l 'P)

Numerics with central inputs:

Fyoyt(mg) = 0.28,
Fy shonen (mg) = =0.10,
?S&ﬁ (mg) = 0.008,
Fy oon(ms) = —0.008,
Fyyplme) = 0.009,
FLpms) = 0.048.

Twist-two hadronic photon ef-
fect yields €/(30%) correction.

Strong cancellation between
2PHT,LL 3PLL
FV,pholon and FV photon*

Zhengzhou, 27. 10. 2016
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Numerical impacts of higher-order corrections

@ Radiative correction and a, dependence of the twist-two hadronic photon correction:

—0.06

-0.08

0.

—0.05
NS 7, photon (M)
< L7t s F} s 3 GeV)

-0.10

-2 PLT, NLL,
Fy, photon (MB)

—oaof  TTTNM— T
=0.15
—0.12 1‘,’,,",!“,{;,"”"(::‘.,;‘» ....................... ~020
—0.14 =0.25
o, 0.
T30 35 4.0 45 5.0 0.2 -0.1 0.0 0.1 0.2
1 (GeV) ay(pg)
» NLO QCD correction shifts the LO twist-two hadronic photon correction €'(20 —40)%.
> NLL resummation yields &'(10 —20)% correction to the NLO prediction.
> Variation of a, () € [—0.2,0.2] leads to ¢'(35%) uncertainty at n-p = 3GeV.
= More information about a, (i) necessary.
> Variation of a4 (o) € [—0.2,0.2] yields minor uncertainty.

= Yet higher conformal spin contributions might not be sizeable numerically.
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Photon-energy dependence of the B — ¥ form factors

Including power suppressed hadronic photon corrections and the local contribution:

Lo @ Dominant uncertainties from Ag (o),
az(Ho) and pu.

@ F4 — Fy only comes from the subleading
power contributions:

(a) Power suppressed local corrections.

(b) Higher-twist hadronic photon
corrections.

-1.0
@ Faster growing Fy than F4 with the
15 decrease of Ey.
25 3.0 35 4.0 45 5.0

2E, (GeV)
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Partial branching fractions of B — y/v

@ Integrated decay rate ABR(Ecy):

ABR(E, " g, By
(Cm)_TB\/ECm 7TE7( *)YV)
@ Ap(Ho) dependence of ABR(Ecy):
> Belle 2015 data:
5 104BR(B - 7 1) ABR(1GeV) < 3.5x 107°,

» Belle-11 2018 data [Talk by
“ Bernlochner]: ABR(1GeV) =
(1.4+1.040.4) x 1075,

> Expected statistical error for
ABR(1GeV) with 50ab~! of
Belle-II data: fg:{? x 107.

> The photon-energy cut not
sufficiently large.
Power corrections numerically

020 025 030 035 040 045 050 055 060 important for Ey < 1.5GeV.
s (GeV)
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Concluding Remarks

@ Understanding power corrections in B — y/v important for precision flavour physics.

@ Subleading power contributions from hadronic photon corrections.
» NLL twist-two hadronic photon effect yields €'(30 %) correction at A5 = 354MeV.

- 2PHT,LL 3P,LL
> p y »
Strong cancellation between Fy; photon and F; V. photon”

> Large-recoil symmetry violation due to F; ‘E(CA) yip F ZPHTLL g p3PLL

V., photon V., photon*
@ The inverse moment Az (L) not sufficient to describe B — (v in general.

@ Connection between the dispersion technique and the direct QCD approach?
Can be also investigated in a simpler process y*y — 7.

@ A systematic treatment of subleading power corrections in SCET in demand.
> SCET representation of the QCD b — u current at NLP including QED interaction.
> QCD factorization for the subleading power SCET matrix elements.

> QCD resummation for the parametrically large logarithms in the heavy quark expansion.
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