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1. Introduction

Heavy flavor physics provides one of the promising way to explore physics beyond the Stan-
dard Model. The indirect searches for New Physics via precision measurements are complementary
to the direct searches at collider experiments such as LHC. The BELLE Il experiment at the Su-
perKEKB, whose expected integrated luminocity is as much as 58, all start its data taking
in late 2018[[], where the various decay modes of heavy hadrons are measured with the unprece-
dented accuracy. In order to make full use of the BELLE Il data, it is important to make the
theoretical predictions as reliable as possible for the decay channels to be measured.

One of the rare decays of the B meson which is expected to be measured at BELLE Il is
the leptonic radiative decay® — ylv. The amplitude of this process can be expressed by the
factorization formula as

*dw
@) O [ T (@m i as)gB(w.p) + O(1/my) (1)
when the emitted photon is energef@.[ The hard coefficienT (w, my, U; as) is perturbatively

calculable and the light-cone distribution amplitude (LCDA) of B-mesons is definéj[ds [

1 o dt
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for w > 0, where the bi-local operator is defined by the light-antiquark and b-quark foglohg,
andhy(0), linked by the Wilson lindtn, 0] with a light-like separatiotn*, using a light-like vector
nH, andv* (n-v = 1) is the 4-velocity of the B-meson. The B-meson LCDA [@f3) is defined

in the heavy quark effective theory (HQET), whéxgx) andF (u) are the HQET field and decay
constant, respectively. The varialde parametrizes the LC component of the light-antiquark’s
momentum inside the B mesonkis= wv'. The factorization formuldl(J) is proportional to the

inverse moment of the LCD% = / %’J(m(w,u) at the leading order, and is expressed by
B 0

1 On(H) /°° dw /. pu\" .
and =/ —(In> w, ) (n=1,2) at the next-to leading orddB]. These
As(M) As(H)  Jo ( o)) (@ 1) ( ) g ordefg]

gquantities are among the important nonperturbative inputs for the phenomenology not only of the
leptonic radiative decays but also of the non-leptonic exclusive decays of B-mBkohisdrefore,

precise knowledge of these quantities is crucial for extracting the CP phases from the measurements
of CP asymmetries in those processes.

The B-meson LCDA has been studied by various authors. Some model DAs are proposed
based on the QCD sum rul€[and relations among two- and three-body LCDAs of B-mesons are
discussed irf4]. The scale evolution of the B-meson LCDA has been studied by various alhors [
What is characteristic of the B-meson LCDA is that its positive moments are not well-defined due to
the hard radiative tailf]. Namely,the logarithmic terms In”% appear in the radiative corrections,
so that the positive moments are divergent in contrast to the light-meson cases. Therefore, the
relation between the bi-local operator [ and the corresponding local operators is given via
the operator product expansion with the Wilson coefficients which contain the logarithmic terms.
The 1-loop matching has been calculated up to the dimensi@h-dnd dimension-5@] local
operators to construct a model of the B-meson LCDA.




B-meson distribution amplitude: light-cone vs. static distributions Hiroyuki Kawamura

Recently, Ji proposed a novel approach to calculate hadron matrix elements of bi-local light-
cone operators directly by lattice QCB|] The idea is that the light-cone distributions are repro-
duced by the static distributions in larBélimit of hadron momentum. Since the original Ji’'s paper,
there have been many studies, which are mainly for the parton distribution functions (PDFs). Some
preliminary results of lattice simulation have already been presented for the non-singlet quark PDFs
by some groupdIld. In this work, we consider the possibility of evaluating the B-meson LCDA
by lattice QCD. Firstly, we discuss the relation between the light-cone and static distributions for
the B-meson, and then calculate the 1-loop corrections to them.

2. Light-cone vs. static correlations

In this section, we review the Ji's argument to calculate the quark PDFs by lattice QCD and
discuss how the argument is modified in the case of the B-meosn LCDA. The (unpolarized) quark
PDF is defined as a light-like correlation as
dé~

=€ TPl )Y €. 0jaO)P). 2.1)

q(x, u%) =

Since the light-cone correlation depends on the real time, it cannot be calculated directly by lattice
QCD. On the other hand, the quark "quasi-PDF" defined by the static correlation,

P = [ S2ePuPlaz)yiz 0a(0)P), 22)

is calculable on the lattice. The relation between these distributions can be seen by comparing the
matrix elements of the corresponding local operators. The matrix elements of the twist-2 operators
for the PDF are given byI[l]

(Play* (iD")" *q|P) = 2an(k?) x (P*)", (2.3)
while those for the quasi-PDF are
(Pay*(iD*)" 1qlP) = 2an(k?) x (P)" x [14 & (Acp/ (P?)?,M?/(P)?) ], (2.4)

wherea,(u?) is the reduced matrix elements of the twist-2 operatorsZI) (the power correc-
tions in the parentheses correspond to the higher-twist and target-mass effects. These expressions
suggest that the quasi-PDF is related to the PDF as

G(x, 1%, P?) = d(x, p?) [1+ € (Naep/ (PP M?/(PH)?)], (2.5)

so that they coincide in the lard® limit. Actually, we should consider this relation to hold only
at the tree level and, when the radiative corrections are taken into account, this relation would be
modified and expressed in a factorization form@g [

~ d X
Q(X, U2> PZ) = /yyz <y> é1 aS) q(ya “2) + o (AéCD/(PZ)Zv MZ/(PZ)Z) . (26)

The matching coefficiert has been calculated by many authors, and the results are given in various

regularization and renormalization schenf@£Ip].
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In the present case of the B-meson LCDA, we consider the following quantity as the "quasi-
DA" of the B-meson:

1 ® iz —iwviz o/

B _ _
W) = s | e O[O0 (O)B(Y)) 2.7)

_ . . . 1 B
Here the 4-velocity of the B meson is taken to \e= @,0, 0, m) The tree level

relation between the light-cone distribution GfZ) and the static distribution o7 can be read
from the matrix elements of the corresponding local operators:

(Ofay"y3(i D )" h[B(v)) = iF (1)On(k) x (vF)", (2.8)

and

Oy T4 fBw) = F (enu) x (A (140 ()| @9)
These matrix elements suggest the tree level relatii{c, u,v?) = ¢P(w, u) [1+ 0(1/(v*)?)],
which is similar to the tree-level relatioB.8) for the quark PDF and quasi-PDF, witf replaced
by V2. In the present case, both the higher-twist and target mass effea® hfe&/)?) corrections
due to the lack of large mass scales in the HQET. As in the case of the quark PDF, the UV structures
of the quasi-DA and LCDA of B-meson would be different; furthermore, as mentioned HEBw (
in Sec. 1, the B-meson LCDA is expressed as the operator product expansion in terms of the local
operators[Z.8 combined with the Wilson coefficients that exhibit thé dnbehavior correspond-
ing to the hard radiative tail, and similarly for the quasi-DA in terms of the local oper&@dis (
combined with the corresponding Wilson coefficients. Therefore, the relation between them should
be given as the factorization formula,

WB (w, u, V) = /dw’C(w, W, In(p/wv);as) @B (w' 1)+ 6 <(v1)2> . (2.10)

This means that the quasi-DA &.[) can be related to the LCDA dI(J) in the largev* limit.

3. 1-loop corrections

In this section, we calculate the 1-loop corrections to the bi-local operator with a space-like
separationg(&)& ys[&,0lhy(0) (2 < 0), and compare them with the corrections to a light-like
operatorq(tn)nys|tn,0h,(0). The diagrams (a)-(d) in Fig.1 contribute to the space-like operator,
while the diagram (d) vanishes for the light-like operator. The calculation is done in the coordinate
space using the background field method. The Fock-Schwinger gaug& &) = 0, is taken for
the classical gluon field, and the heat kernel expansion was performed to extract the leading power
contributions[[J.

The corrections to the space-like and light-like operators coming from the diagram (a) are

(a)
TOIE OO — e [ L f2mizinev) - (e}
Euv

SRAPL2AT(E ) — SR~ + T | @6 ERIEOMO). (B1)
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(a) (b) (c) (d)

Figure 1: 1-loop corrections to the quasi-distribution of B meson. The double and dashed lines are the
HQET field and Wilson line, respectively.

and

+ 21 2(2|ut)+ 7'12 q(tn)nys[tn, Olhy(0),

@ .
demelin On(0)] =~ Shce [ - 2R

ET ESV Euv
(3.2)

respectively, wher® = 4 — 2gyy is the space-time dimensio@r = (N2 —1)/(2Nc) and fi =
V/TIHE¥/2, The higher twist operators are dropped in the right-hand sides because those contribu-
tions are suppressed by(1#)?. The UV poles are related to the cusp singularities which generally
appear in the vertex-type corrections to a product of two Wilson lines, and the logarithmic terms
In(—[12&2) and Irf(—[i%£2) in @) correspond to the light-cone singularities. From the diagram
(b), we obtain

(b)
TOILEONO] = 5 B{1+|n(—f12€2)}q_(f)«fys[&o]hv(o)
\

21 &u
—{aRHn i282) }/du —E)EIE.Oh,(0)
- lduw[q‘(ua—cT(f)]zvS{s,O]hv<0>, (3.3)

0 1-u

and

(b)
[cT(tn)V\yg[tn, O]hV(O)] _ e, (1 - 1) /0 lduuu [(vtn) — q(tn)] Ays[tn, O] (0). (3.4)

21 Euv &R 1-

The coefficient of the IR poles i3 and B.9) is what appears in the calculation of the Brodsky-
Lepage kernel for the light-meson LCDAE]. Then the diagram (c) gives

(©
OLEE OO = o {2 - 2mzif(e v +2in2} [ duTuE)elE, o)

&R
(3.5)

up to the possible higher dimensional contributions which will be discussed elsewhere, and

(©)
[q_(tn)myg[tn,O]h\,(O)} ETCF {_aR —2In(2ift) }/ dug(utn)hys[tn,0lhy(0). (3.6)
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Finally, the diagram (d) gives

(d)
AOTREONO] = 720 { - (282 + 2| GETRIE RO, (7
From these result8(1)-@.7), one can see that the IR structure is common between the space-
like and light-like operators, while the UV structure is different, which suggests that the matching
of the form of 210 is adequate, and the 1-loop matching coefficient inNf& scheme can be
extracted. When the momentum cutoff is employed to regularize the UV divergence, the power
divergences appear in the diagram (d). How to treat such power divergences in the quasi-PDF has
been discussed in the context of the matching between the quasi-PDFs in the continuum and lattice
QCDs [I3. We note that, in principle, the same discussion applies to the present case.

4. Summary

In this paper, the relation between the static and light-cone distributions for the heavy-light
mesons was discussed in the heavy quark effective theory. We showed that the latter distribution
is reproduced by the former in the largélimit. Then we calculated the 1-loop correlations to
the static and light-like operators in thS scheme. As for the feasibility of calculating the static
distribution with the non-zere? by lattice QCD, the moving NRQCD formalism may be useful
[1g. Though a large numerical noise is anticipated, even an rough estimation of the B-meson
LCDA would be helpful because we have almost no knowledge of the B-meson LCDA. For the
practical usage of this approach, further studies are needed including the matching between the
guasi-DA in the continuum and lattice QCD, which we leave for future work.

References

[1] R. de Sangro [BELLE-II Collaboration], PoS FP@P17(2017) 037.

[2] G. P. Korchemsky, D. Pirjol and T. M. Yan, [hep-ph/9911427].
S. Descotes-Genon and C. T. Sachrajda, Nucl. Phg&®2003) 356 [hep-ph/0209216].
E. Lunghi, D. Pirjol and D. Wyler, Nucl. Phys. 849 (2003) 349 [hep-ph/0210091].
S. W. Bosch, R. J. Hill, B. O. Lange and M. Neubert, Phys. Re§7[2003) 094014
[hep-ph/0301123].
M. Beneke and J. Rohrwild, Eur. Phys. J7€(2011) 1818 [arXiv:1110.3228 [hep-ph]].

[3] A. G. Grozin and M. Neubert, Phys. Rev.93 (1997) 272 [hep-ph/9607366].
V. M. Braun, D. Y. lvanov and G. P. Korchemsky, Phys. Rev6@(2004) 034014 [hep-ph/0309330].

[4] M. Beneke and T. Feldmann, Nucl. Phys582(2001) 3 [hep-ph/0008255].
H. Kawamura, J. Kodaira, C. F. Qiao and K. Tanaka, Phys. Les2®(2001) 111 Erratum: [Phys.
Lett. B536(2002) 344] [hep-ph/0109181].

[5] M. Beneke and M. Neubert, Nucl. Phys685(2003) 333 [hep-ph/0308039].
M. Beneke and S. Jager, Nucl. Phys783(2007) 51 [hep-ph/0610322].

[6] B. O.Lange and M. Neubert, Phys. Rev. Létt.(2003) 102001 [hep-ph/0303082].
H. Kawamura and K. Tanaka, Phys. Rev8D(2010) 114009 [arXiv:1002.1177 [hep-ph]].
G. Bell, T. Feldmann, Y. M. Wang and M. W. Y. Yip, JHEIR11(2013) 191 [arXiv:1308.6114
[hep-ph]].
B. O. Lange, Nucl. Part. Phys. Prat58-259(2015) 171 [arXiv:1409.2438 [hep-ph]].



B-meson distribution amplitude: light-cone vs. static distributions Hiroyuki Kawamura

[7]
(8]
9]
[10]

[11]
[12]

(13]
(14]
[15]

[16]

S. J. Lee and M. Neubert, Phys. Rev7P(2005) 094028 [hep-ph/0509350].
H. Kawamura and K. Tanaka, Phys. Lett6B3(2009) 201 [arXiv:0810.5628 [hep-ph]].
X. Ji, Phys. Rev. Lett110(2013) 262002 [arXiv:1305.1539 [hep-ph]].

H. W. Lin, J. W. Chen, S. D. Cohen and X. Ji, Phys. Re@Ij2015) 054510 [arXiv:1402.1462
[hep-ph]].

C. Alexandrou, K. Cichy, V. Drach, E. Garcia-Ramos, K. Hadjiyiannakou, K. Jansen, F. Steffens and
C. Wiese, Phys. Rev. B2 (2015) 014502 [arXiv:1504.07455 [hep-lat]].

C. Alexandrou, K. Cichy, M. Constantinou, K. Hadjiyiannakou, K. Jansen, F. Steffens and C. Wiese,
Phys. Rev. D6 (2017) no.1, 014513 [arXiv:1610.03689 [hep-lat]]. H. W. lahal,,

arXiv:1711.07916 [hep-ph], and references therein.

For example, J. Kodaira and K. Tanaka, Prog. Theor. PH3/E(1999) 191 [hep-ph/9812449].

X. Xiong, X. Ji, J. H. Zhang and Y. Zhao, Phys. RevOD(2014) no.1, 014051 [arXiv:1310.7471
[hep-ph]].

Y. Q. Ma and J. W. Qiu, arXiv:1404.6860 [hep-ph].

I. W. Stewart and Y. Zhao, arXiv:1709.04933 [hep-ph].

. 1. Balitsky and V. M. Braun, Nucl. Phys. B11(1989) 541.
G. P. Lepage and S. J. Brodsky, Phys. Re223§1980) 2157.

T. Ishikawa, Y. Q. Ma, J. W. Qiu and S. Yoshida, arXiv:1609.02018 [hep-lat].
T. Ishikawa, Y. Q. Ma, J. W. Qiu and S. Yoshida, Phys. Re®d32017) no.9, 094019
[arXiv:1707.03107 [hep-ph]].

J. H. Sloan, Nucl. Phys. Proc. SupfB(1998) 365 [hep-lat/9710061].
R. R. Horgaret al,, Phys. Rev. 380 (2009) 074505 [arXiv:0906.0945 [hep-lat]].



