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Grossman, Koenig, Neubert, JHEP 2015

Exclusive radiative decays of W and Z bosons in
QCD factorization
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Heavy Quark Effective Theory (HQET)

y7%

Lcer 1 Riv-DRJ-R, DL p g, 222" o (1/me)

T

E. Eichten, PLB, 1990;
H. Georgi, PLB, 1990M

Leading term in 1/m,,
Possesses both heavy
quark flavor and spin

symmetries 3

N. Isgur refers it

to brown muck

momentum ~AqQcp << mp
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HQET factorization: standard
tools in dealing with B decay

B — M,M,

QCDF:

Beneke, Buchalla, Neubert and Sachrajda (BBNS) ;
D.-S. Du, Y.-D. Yang, M.-Z. Yang, D.-S. Yang, G.-H.
Zhu, X.-Q. Li, Q. Chang, ...

kt factorization:
H.-n Li, C.-D. Lu, Z.-J. Xiao, ...

Please refer to Yu-Ming Wang' s comprehensive overview
of the status in nonleptonic B decay

B—ylv

G. P. Korchemsky, D. Pirjol, T.-M. Yan (2002);
S. Descotes-Genon and C.T. Sachrajda(2003);
E. Lunghi, D. Pirjol, D. Wyler (2003);

For 1/mb correction, see Y. M. Wang 2017; M.

Beneke and Y.B. Wei 2017
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Kinematics in W->B+y
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W rest frame ( ' : J_) -\/_ (?n“ mwy l) B rest frame ) 2 (
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=M EREKMscales: m, >> m, >> Aqep

IREE m, >> m, ~ Agep Light-cone factorization

WNRERE m, ~ m, >> Agep  HQET factorization



HQET factorization for exclusive
production of B meson

M I’I"'r+ — B +"'-'" =
( /) 4+/2 sin By P-q
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With P and g as B-meson and photon momenta Lorentz invariant
form-factors

MW" = B'y) = o (1) [d 0T (@, 11 ) (@, 1) +O (M)
0
HIBREREFE AN —HF !

Hard-scattering kernel insensitive to long-
distance effect, can be calculated via

fs = fu(ur) [1 _ aCr (3 nEE 4 2)] +0(a?). perturbative matching procedure

A7 m,
B* replaced by fictitious state
a free pair of bu

B meson decay constant in HQET

E. Eichten and B. R. Hill (1990)
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HQET factorization: perturbative
matching
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HQET factorization: NLO
perturbative correction

One-loop correction to QCD amplitude  One-loop correction to HQET LCDA

H0) R T — A _ 1) ® ']""[":'J'1

Determine the order-alpha_s hard-scattering kernel through this equation
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HQET factorization: NLO
‘L perturbative correction

Explicit calculation has verified that the hard-scattering kernel is indeed
IR finite. Therefore HQET factorization holds at least to one-loop level

O 9% vtw m 1_ _
T (w, my, pur) _ P ; _om2 - (5—4111 T) In — (37)

4 HE LLF r HEF

! — i ]._ 12
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r T 12
— T [21n2q ; 2 _am —r—4In(1 —T}—i—?ln-r—i—.‘ﬂ] T (w).
HE 3

92, 9
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Dependence of factorization scale muF, compatible with Lange-Neubert
evolution equation:
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dup ’ A
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Shortcoming of HQET factorization: large

collinear logarithm inevitably appearing in
i fixed-order hard-scattering kernel

TU}(;;_,.-? My, L) :a F n? == _ In2 my +In % (5 4+ 21n _) +n m_‘; (3 1+ 921n _)
expd 4m HF HE HF HE my, My,
TTQ s
+ 05— 7—im (3 4+ 2In E) TO(w) + O(r). (39)

XEEAILIRREN LIRE 7 SAIAHIEL . RN _EaTLLEg ERBLGFZERH

— /N EBNBRASREETEEFHBFQCD LCDA ; RIREHISE_3%
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sin By = 0.481, a (mw /2) = 1/130, my = 80.379 GeV, fp = 0.187 GeV,
V| = 3.65 x 1073, my = 4.6 GeV, mp = 5.279 GeV.  fp = 0.249 GeV,
Ves| = 0.997, me. = 1.4 GeV, mp = 1.968 GeV.
, . d ‘+wz.:—asc‘p m.w’ AnE —2)6(w—w) - 4w
bie) ey (). e AR (G- L
M M 7] (w — w’) 4 ;
el RETT
ALt and Aplop, [GeVTY Apt and Aplop., [GeV |
3.5¢ 3.5¢
3. 3.t
25 2.5¢F
2.¢ 2.t
1.5¢ 1.5¢
1. 1.r
0.5} 0.5 | | | | . : ,
1 1.5 2. 2.5 3. 35 4.

pr [GeV]

Fig. 5. Scale dependence of the first inverse moments )‘_.;-11 and the logarithmie inverse moments
)\;,110_,”11 o for M = B*, D} . The renormalization scale ranges from 1 GeV to twice

meson 1mass.
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Fy 4 [GeV] for WHBTy Fy,4 [GeV] for WDty
2.8 —F "
5 al - - -Re[F}0] | 1.5
Y e S O Im[FO] | 4 ol
16 Le--=TTTTOTIICS 0.9t —FL9,
1.2 "'.:’/ | | 0.6} - - -Re[Fy;°
08 e 03w .U Im|Fy)>
0.4f 4 Tt . f o s e,
1 2 3 4 5 6 7 8 9 10 1. 15 2. 25 3 35 4
pr [GeV] pr [GeV]

Fig. 6. Factorization scale dependence of the vector/axial-vector form factors Fy 4 at LO and
NLO in ay, for the process W+ — By and W+ — DI + ~, respectively. The range of
nn lies hetween 1 GeV to twice meson mass.

['LO (GeV) I'NLO (GeV) BriLO

W+ — Bt~[(0.75 ~ 1.9) x 107 1{(3.1 ~ 7.7) x 107 2|(1.5 ~ 3.7) x 10~ 12
W+ = D~ (0.72~1.3) x 1077 [ (4.9 ~ 84) x 107% | (2.3 ~ 4.0) x 1078
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IStk F GrossmanEFlight-coneEFELIF S

Br[W'—B*ty] x 10" Br[W*—D7}~] x10°

= N w b U N

1 3 5 7 9 1. 15 2. 25 3. 35 4
e [GeV] pir [GeV]

Fig. 8. Branching fractions of W+ — B¥y and W — D[~ as a function of pup, which ranges
from 1 GeV to twice meson mass. Our predictions are juxtaposed with the existing ones
obtained from the collinear factorization [11], which are represented by the green bands.

the branching fraction for W+ — D}~ is predicted to be within (2.3—4.0)x 1075,

LHCFR$3=RE3000 fb! , JIR101W/ZIFEBF , MiZEJLANSRIWIRSI=EEIDs
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Refactorizing B meson QCD
LCDA

IFEHTFBSEE , ARMETE—EFRIENEFHRE

FEHERE T HQETE T

1 oo
M = V/u. dx T(z; pg) P (: o) + O(1/Q), M = [ dw T (w, Q, ms; g ) fl\':fq]': [\{-,.;; )+ O(1/my),
Jo

il S a.Cp [ S . \ d . a,Op [ . .
1o—D (1 pp) = = dy Vy(z, y) ®P (y; peo), T () = ——F f dw’ 7y, (w, w'; SHQET (" i),
'tur,i;eq (x5 pg) =, yVolzr,y) (s pg), e (w; py) = ), o (w, w's ) @5 (W' gy

Il v I ]_ ‘, R T —} T T [\'w.u;r; “”) _ I\.L};p h].u-i _9 6(;‘4,' - ;U.,) - rf:_ll_l:;_’pw I:g{_;_:' _L,;,!\,I'. + 9({.&.’ — .‘,;,!’\JII .
Iﬂ{:a_yJ—[E(l—i—y_—I)Hu; R‘H_(y—}?)]_' ( w ) ww —w)  ww-—w)],
~

m,>>m, ~ AQCD m,, ~m, >> -A-QCD

Resum log(m, /m,) Resum log(m,, /A qcp)
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ff N . — —y T/
OV (2, pg) = fpo P (x. pg) = —if¥f”‘r ' {[J|qq:j[:.[1]?j.ﬁ-;-,IB{FTJ}..

| —1 dt .
‘LHm [{w firi) fHUJ,m'I'l W, ppy ) = m e+ f e**{0lg(2)[=, Ol .BU'

#ilbinsight: XFMLCDAsEBZFEFRIRTA , BAIRNXBIUNTE
FUV i7AKk> m,), Bt , AJlEE—PEFCEERFRER

O¥P(z, pg) = f Tdw? (z, w, m: g ) DLV (w, ),
1]
QCDRYEME B Y R{HSIEIEEREIZ factora] LIRS !

¥, C',r
ZW(z, w, O
e (z, w, my; g, prr) + Ofal).

Z(z,w, my; g, ) = 29 (z,0,my) +
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Refactorizing B meson QCD
LCDA

LQCD (0] 71 \ HQET (0) - \
$IPONz) = 5(x — ), By Vw) = d(w —m,), o : w
2N womp) =0 |z — .
my + W
(1) _ 4QCD(1) ) T JHQET (1) myT
ZV Nz w, mp; pg, pu) = ¢ Nz, png) ¢ g ;1.']904' (1 — b . B W myT
: : q T . = UJI = 1
] . m — T
_ (3m“i+2) Z0 (2,0, mp). (14) b+ W
My

ZW (z, w, my; pg, prr) (15)
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- e, O e i) = | de Tz, Q) Z(z. w.my: O,
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" N a@) S o Mgt (g Mg

| Following the method outlined
in Jia and Yang, NPB 2009

1
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0

1 1
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o Jo
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Cr [ [ [ o . ©)
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2 0 Jo 0

*ﬂéﬁﬁﬁﬁ]HQETEI?{‘B'FN LOIHHER
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i }

W 2 3, w
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Heartening remark from one of
referees

HQET appeared in 1990; the first paper contained the (1-loop) matching
formulas for the local heavy-light quark currents in QCD and HQET. The B-
meson HQET distribution amplitude was introduced in 1997; it is the Fourier
transform of the matrix element of the bilocal heavy-light current (with a
light-like splitting). Now, after this article has appeared in arXiv, the idea to
generalize the matching calculation from local currents to (Fourier
transforms of) bilocal ones seems very natural.

My first thought after I saw this article in arXiv was: why haven't I

thought about this idea long ago? But nobody has done so from 1997 to
2019.
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Heartening remark from one of
eferees

The main result of this paper (15) is not only nice (it satisfies both the ERBL
evolution equation in x and the Lange-Neubert evolution equation in \omega)
but also useful.

The authors obtained their main result without difficult calculations: the
necessary calculations have already been done 10 years ago in [27].
However, the idea to combine these results into the matching formula (9) is
entirely new. The paper is well written. In fact, more than a half of the text is a
long and highly understandable introduction, which reviews the current status
and naturally leads to the idea of matching the QCD and HQET distribution
amplitudes.
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Thanks for your attentionl
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