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e Indirect

NP would also contribute to SM decays
through virtual corrections (offshell)

B K0~ a

)

High precision in weak decays in
Experiments vs SM Predictions
= Flavour Physics

e Direct
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... in B Physics

Theoretical predictions are affected by the
non-perturbative nature of hadronic QCD
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... in B Physics

Theoretical predictions are affected by the
non-perturbative nature of hadronic QCD

However nature provided an intrinsic
perturbative scale m;, ~ 5 GeV

= B decays employing Effective Field Theories (HQET, SCET, ...)
to separate perturbative physics from universal non-perturbative inputs
non-pert. perturbative

mw, mgzg
AQCD iy my, ’;TLH,.,..
]

— : —>

“~ W _y
" =
WET Integrated out in
Wilson Coeflicients
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Overview of QCD Factorization in B — Dn

Goal: compute the matrix element of four-fermion operators ; of the
Weak Effective Theory (WET)
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Overview of QCD Factorization in B — Dn

Goal: compute the matrix element of four-fermion operators ; of the
Weak Effective Theory (WET)

(Dr|Qil By = FP=PXTi(u)@r(u) +0O (AQCD>

mp.c

T
@ Form factor (Aqcp): ﬁ LCDA
to be taken from data or LQCD

14 ) ,

~L /
\ /

| AN

@ Hard scattering kernels (mp, mp): /

calculable perturbatively

= s
. C . . . 2 %0 oM
@ Light-cone distribution amplitude (Aqcp): B m‘% Bi@g@;gfs Q Q_@
non-perturbative techniques 9 F g &
@ Power corrections:
never computed exactly, in principle ~ 10%
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e B meson
Hard processes at colliders:

boosted since Aqcp < my < myy

o D meson
Exclusive two-body B decays:

DO
c u

S

J—<7J}_
T
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Heavy Mesons LCDAs: Why?

They arise in factorization theorems involving boosted heavy mesons

e B meson e D meson
Hard processes at colliders: Exclusive two-body B decays:

b %‘ DY
c u

v u (AL KO

J—<7J}

Y
boosted since Aqcp < my < myy considering Aqcp < m. < my

Three distinct physical scales to separate with EFT machinery! .".r"

4/12



@ Introduction: LCDA Definitions
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Light-cone Distribution Amplitude: Definition in QCD

We take H as a pseudoscalar heavy meson and tn!, a light-like distance
[n2 = 0and ny - p = nypis the large collinear component of p]

(H(pm)|Q0)sh,~°[0, tn]q(tn)|0) = —ifrnipm /0 du ™" P §(u; pu)

¢(u) encodes the perturbative scale m; and the non-perturbative Aqcp
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Light-cone Distribution Amplitude: Definition in QCD

We take H as a pseudoscalar heavy meson and tn!, a light-like distance
[n2 = 0and ny - p = nypis the large collinear component of p]

(H(pm)|Q0)sh,~°[0, tn]q(tn)|0) = —ifrnipm /0 du ™" P §(u; pu)

¢(u) encodes the perturbative scale m; and the non-perturbative Aqcp

B (u) % u= n+pq/n+pH € [07 1]
=] @ normalized to 1
ke u @ highly asymmetric at
PH ren. scales u < mpy
Pq .
@ symmetric at scales

> myg (from RGE)ﬂm
- [Efremov, Radyushkin, Brodsky, Lepage

1979,1980]
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Light-cone Distribution Amplitude: Definition in HQET

In the limit mg — oo we define the universal HQET LCDA

<Hv|ﬁv(0)¢+75 [O, tn+]QS(tn+)|0> = _iFstat(M)n+v/O dw 6iwtn+v@+(w3 1)

¢4 (w) ~ 1/Aqcp encodes only the hadronic physics of order Aqcp
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Light-cone Distribution Amplitude: Definition in HQET

In the limit mg — oo we define the universal HQET LCDA

<Hv|ﬁv(0)¢+75 [07 tn+]QS<tn+)|0> = _iFstat<M>n+v/ dw 6iutn+v@+(w3 1)
0
¢4 (w) ~ 1/Aqcp encodes only the hadronic physics of order Aqcp

© w=nypy/niv € [0,00]
@ peaked at w ~ Aqcp
@ v (w)~wforw—0

[Grozin, Neubert '96]

@ divergent normalization

@ perturbative for w > Aqcp
[Lee, Neubert '05]

0 Agep o0 :
w @ valid at scales u < my

We are looking for a factorization formula that connects both LCDAS!

P+ (w)
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Collinear Factorization Picture

. : I
RGE summing In IM—S [Lange, Neubert 2003]
344

Aacp m Q
[ A(Q, mu, AQCD) ]
j hard matching
: ke
RGE summing| In ] (ERBL)

) HQ
| P(u; ) J |

LCDA matching
o (- el
90+(W7NH) ®wj(u’aw7 mH>‘|

P+ (w§ Ms) |

F e~ Q

WPH ~ M

w1 TLTI
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Preliminaries: Peak & Tail Separation

Working setup:
@ leading power (LP) in A = Aqep/mg < 1
@ factorization scale y ~ O(mg) = highly asymmetric LCDA!

Goal: Integrating out m at one loop
after matching:

; t;\;eglglsfg @ We have to match separately
' ‘ peak and tail to have a
consistent power counting

@ The two resulting functions
have to overlap in the region
AUkl

. \\ '
~

i ~\|\
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Preliminaries: Peak & Tail Separation

Working setup:
@ leading power (LP) in A = Aqcp/mg < 1
@ factorization scale 1 ~ O(mg) = highly asymmetric LCDA!

Goal: Integrating out m at one loop

merging the two results:
arbitrary @ We have to match separately

threshold .
b peak and tail to have a
consistent power counting

@ The two resulting functions
have to overlap in the region
Ayl

@ We will merge them by

choosing a threshold 'I'I.I'I'I
N<i<l : parameter §

8/12




Peak & Tail Matching

o Peak u ~ \ eTail u ~ 1
¢p(“) = f_HmijeakSO+(umH> dy(u) = fH-.7ta|I< )
Ju Ju

with the perturbative matching functions

a,C 1 2 2
Jpeak = 1 + 4F<—|2M + =1In 2 +——|—2>

T 2 mH 2 12
a.Cr2u
Fani) = 22 o1 4wyt L

TUTI
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Merging of the Regions and LCDA Properties

¢(u) fH {jpeakaSO—i— (umH) ) foru ~ A

fH \7ta||< ) fOI‘uwl

we have to'check that
Op()|usr = 0r (1) |ux
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Merging of the Regions and LCDA Properties

¢(U) fNH {jpeakaSO—i— (umH) ) for u~ A

fH \7ta||< ) fOI‘uwl

we have to'check that
Op (1) |usr = O¢(1)|uxt

N/ peakaSOJr(umH) lusx = mpy SOisy(umH )
C

_ dsor (2 In a
2mu um

+ 1) [Lee, Neubert 2005]
H

\7tai|(u) |u<<1 —

a,C

F(2In
U

K +1>
umpg
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Merging of the Regions and LCDA Properties

d(u) = fH jpeakaSOJr(umH) , foru~ X
fH \7ta||< ) foru~1
we have to'check that
Op()|usr = 0r (1) |ux
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Op()|usr = 0r (1) |ux
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o(u) = Jit | Toeakcmzr o (umig), - for e A @ endpoint hviour v
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we have to'check that
¢p(“)|u>>>\ = ¢t(u) |ux1
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fH jpeakaSO—i—(umH) ) foru ~ A . (b( ) .
o(u) = @ endpoint behaviour v/
fH \7tal|< ) foru~1 .. .
@ normalization = 1, using
we have to'check that Mo (07 pr) 1tee, Neubert 2005] v/
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Merging of the Regions and LCDA Properties

. Properties of ¢(u
fH jpeakaSO—i—(umH) , foru~A . (b( ) .
o(u) = @ endpoint behaviour v/
fH \7tal|< ) foru~1 .. .
@ normalization = 1, using
we have to'check that Mo (07 pr) 1tee, Neubert 2005] v/
Op(U)lusan = 0¢(u)|uxt @ RG evolution (ERBL) v/
jpeak”éHSO+(umH>’u>>>\ = mHSO?:y(umH) T )| a,Cr (2 n [ . 1)
. /LL u fr—
) (2 I 4 1) [Lee, Neubert 2005] tail <7 oru umg
2mu umg

= we are allowed to express ¢(u) by using a “merging function” J(v; ¢, o)

(b(U) = 19(“? 5) 0)¢p(u> + (1 - 19(u7 57 J))d)t(u)
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B and D LCDAs at the Matching Scale

@ NLO ~10%
corrections

@ Shaded bands from
varying § + 15%

@ Perfect agreement
with expansion up
to 20 Gegenbauer
moments a (1)

u m
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@ Derived factorization for heavy meson LCDA at LP in Aqcp/mg v/
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@ Derived factorization for heavy meson LCDA at LP in Aqcp/mg v/
@ Built concrete and practical models for B and D mesons v/

@ Applied to W — B~ (not shown) v/

@ Ready to apply to exclusive B — D decays in the future!

Thank You!

TUTI
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Preliminaries: Operator Definition

Operator in QCD (momentum space)

Oc(u) = [ 5e Q) "0, bl

bq
——Q

with [0, tn,] = We(0)W/(tny)

= 7ﬁ+ﬂ5(n+pq - Un+pH)‘

Feynman rules: Tree level —> _
1 One gluon from the Wilson lines 5
q
PQ Po

) Q 1 k Q
; @é, [ y ! a 5t s N
:k\’ H,a = gﬁTaT/'+"/5n+ktri,,5(”+pq - “”+PH)‘ i/siw;&f poa=—g T, n+ktrm()(n+pq +nik — “”-*—pﬂ)’
u '0—47 q U : q

—_— —_—

’ pq .I.lll.l.l
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Preliminaries: Operator Definition

Operator in QCD (momentum space)

Oc(u) = [ 5e Q) "0, bl

bq
——Q

= 7/1+ﬂ5(n+pq - Un+pH)‘

with [0, tn,] = We(0)W/(tny)

Feynman rules: Tree level —> _
1 One gluon from the Wilson lines 5
q
Pq 4]

) Q 1 k Q

! nt [ \ | " 5 (. ~
k\’gﬂb n,a = g,;T”r/,ﬂf‘"Mii"(S(mpq — un_*_py)‘ :/ Hya=—gTh, ~y ,L+kf+i7yo(n+p,, +n.k— un+pﬂ)’
| _ ) ‘55453

U

q q

_— _—

pq p']
Crucial: the delta functions force the momentum fraction ."_rrl
coming out from the dot e to assume the value u 12/12



Peak Matching (v ~ )\): Matching Equation

Matching equation

Oc(u) = /000 dw Jp(u,w)Op(w)
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Matching equation such that
(H(pa)|Oc(u)|0) = —ifudp(u)

On(u) = oodwpu,wOw ;
o) = [ do T u.)04(w) )| On(0)[0) = i Firios ()
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Oc(u) = dw T, (u,w)Op(w -
o= [ (60 (H (pir)|O1(0)|0) = =ifie ()
taking (Q(pg)q(p,)| ® |0) on both sides we can extract 7, at O(«a,) from
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where p,, is the external soft momentum of the spectator quark
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Oc(u) = dw Jp(u, w)Op(w -
o= [ (60 (H (pir)|O1(0)|0) = =ifie ()
taking (Q(pg)q(p,)| ® |0) on both sides we can extract 7, at O(«a,) from
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where p,, is the external soft momentum of the spectator quark
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Peak Matching (v ~ )\): Matching Equation

Matching equation such that

> (H(pu)|Oc(u)]0) = —ifudy(u)
Oc(u) = dw Jp(u, w)Op(w -
o= [ (60 (H (pir)|O1(0)|0) = =ifie ()
taking (Q(pg)q(p,)| ® |0) on both sides we can extract 7, at O(«a,) from

B n4Pq asCr 1) N4Pq
_ MO (y, 24P
(QalOc(u)[0) [6(u k) S M WH)}

(QqOn(w)|0) l(; (10— Teba) 4 asCr ) (v W])]

nyv 4 nyv
where p,, is the external soft momentum of the spectator quark

o) = 0= | S 28 (30 #H>—MHN(”<WH’W>2M-"

the 0(my — w) comes from momentum conservation py = pg + p, .




Peak Matching (v ~ )\): Result

M(l) u, —) — mgNO(umpg,w)= jlgl)(u,w)

T~
Weq = % % = |
-y T
@é scaleless <
% % o TUM
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Peak Matching (v ~ )\): Result

el 2 N ey = g . 5
M (u my) ma N (umr,w) = Jp™ (u, w) The one loop jet function turns
Q Ry out to be proportional to a
e Q delta function (as the tree level)
W = — =
"J—<— q
+ G q d'(uf m—ﬁ)
Q 1
W, = scaleless
q q
T Q I
V= — e 0
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Peak Matching (v ~ )\): Result

M(l)(u,miﬁ) — mHN(l)(umH,w)Z jlgl)(u,w)

The one loop jet function turns
out to be proportional to a

h,
e Q delta function (as the tree level)
Wo = — = | : ;
N o = the LCDA in the peak region
e < ( . . _ M2
B is very simple (L = In Tg)

Q
_|_ q q
Q 1

W, = scaleless

[

S]]
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M(l)(u,miﬁ) — mHN(l)(umH,w)Z jlgl)(u,w)

The one loop jet function turns
out to be proportional to a

h,
e Q delta function (as the tree level)
Wo = — = | : ;
N o = the LCDA in the peak region
e < ( . . _ M2
B is very simple (L = In Tg)

Q
_|_ q q
Q hy -

op(u) :fim/H@+ (umpg)

fr

a;Cr (L? L 72
A (-
X{+ in <2+2+12+

W, = scaleless

[

_ ~ o m
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Peak Matching (v ~ )\): Result

M(l)(u,miﬁ) — mHN(l)(umH,w)Z jlgl)(u,w)

The one loop jet function turns
out to be proportional to a

h,
e Q delta function (as the tree level)
Wo = — = | : ;
N o = the LCDA in the peak region
e < ( . . _ M2
B is very simple (L = In Tg)

Q
_|_ q q
Q hy -

op(u) :fim/H@+ (umpg)

W, = scaleless fu
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@ e This form holds to all orders in aj:
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Peak Matching (v ~ )\): Result

M(l)(u,mi) — mgNO(umpg,w)= jél)(u,w)

The one loop jet function turns
Ry out to be proportional to a

H
Q
e Q delta function (as the tree level)
e = - = = the LCDA in the peak region
o <7 . ; — 0 £
- ) is very simple (L = In -£5-)
q mH H
Q

[ -

bp(u) _szmHSOJr (umpg)
H

W, = scaleless
) 1e@Cr(L L ™
7 7 4 2 2 12
%_
@ e This form holds to all orders in aj:
V= — e 0

is emitted by g = u ~ 1,

q q Ue—a— T contribution to the tail!
12712

If a hard gluon J




Tail Matching (v ~ 1): Matching Equation

The external momentum p, is fixed to be soft
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Tail Matching (v ~ 1): Matching Equation

The external momentum p, is fixed to be soft

but u ~ 1 = g internal line has to be hard

= the hard loop integral is insensitive to p, < pg
= the tail jet function cannot depend on w!

We match into local HQET operators (OPE)
OC(U) = j+(U)O+ + j_(u)(’)_
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Tail Matching (v ~ 1): Matching Equation

The external momentum p, is fixed to be soft

but u ~ 1 = g internal line has to be hard

= the hard loop integral is insensitive to p, < pg
= the tail jet function cannot depend on w!

We match into local HQET operators (OPE) _
(H(pu)|Oc(u)|0) = —ifud(u)

Oc(u) = T+ (WO + T-(u)O- (H(pw)|0=|0) = —ifu
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Tail Matching (v ~ 1): Matching Equation

The external momentum p, is fixed to be soft
but u ~ 1 = g internal line has to be hard
= the hard loop integral is insensitive to p, < pg

= the tail jet function cannot depend on w! Ue

We match into local HQET operators (OPE) _
(H(pu)|Oc(u)|0) = —ifud(u)

Oc(u) = T4 (u)Os + T-(u)O- (H(pi)|O-]0) = —ifu
two independent operators
as for the decay constant matching

TUTI
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Tail Matching (v ~ 1): Matching Equation

The external momentum p, is fixed to be soft
but u ~ 1 = g internal line has to be hard
= the hard loop integral is insensitive to p, < pg

= the tail jet function cannot depend on w! Ue

We match into local HQET operators (OPE) o
(H(pu)|Oc(u)|0) = —ifud(u)

Oc(u) = T4 (W)Os + T ()O- ()| 0+ [0) = —ifa
two independent operators 0. — 1 it 5
as for the decay constant matching T mgnge VT 4

Simple matching since QCD mat. el. starts at one-loop and is purely hard

(Qpe)(pa)| Oc (1)]0) —— O(a) x T (1) UM

12/12



Tail Matching (v ~ 1): Result

At one-loop we find

OéSCF2ﬂ 2
i [(1+u)(L—2|nu)—u—|—11 + O(a3)

Jrait(v) = Ty (u) + T (u) =
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Tail Matching (v ~ 1): Result

At one-loop we find

a,Cr2u

Jrait(v) = Ty (u) + T (u) =

P l(l%—u)(L—Zlnu)—u—l—l} +O(a?)

= completely perturbative expression for the QCD LCDA in the tail

o) = %ﬂaimu)
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At one-loop we find

a,Cr2u

Jrait(v) = Ty (u) + T (u) =

P l(l%—u)(L—Zlnu)—u—l—l} +O(a?)

= completely perturbative expression for the QCD LCDA in the tail

ou(u) = %ﬂai|<u>
with the known HQET/QCD decay constant ratio cichen, i, 90
.fH o asCF 3 MQ 2
i =1+ = 2|nmé +2 )4+ 0(x3)
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Tail Matching (v ~ 1): Result

At one-loop we find

a,Cr2u

Jrait(v) = Ty (u) + T (u) =

P [(1+u)(L—2|nu)—u+11 +O(a?)

= completely perturbative expression for the QCD LCDA in the tail

ou(u) = %Jtan(zo
with the known HQET/QCD decay constant ratio cichen, i, 90
ja¥ Cks(ZET 3 [LQ 2
=1 —|
T - -\ n mé +2 )4+ 0(x3)

notice ¢;(u) oc u = satisfies the QCD LCDA endpoint behaviour at u — 1 m

12/12




Evolution from Aqcp to myy: Strategy

@ Model for HQET LCDA at i, = 1 GeV

asCp 1 72
ot = (14508 |2 T i)

+ 9(w — \/E/,Ls)gﬁisy(w, /,Ls) [Lee, Neubert '05]
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Evolution from Aqcp to myy: Strategy

@ Model for HQET LCDA at i, = 1 GeV
) B asCp 1 72 mod /. .
‘P—i—(W’Ms) - <1 + A |:2 - 12:|>90+ (%Ms)

+ 9(w — \/E/,Ls)gﬁisy(w, /,Ls) [Lee, Neubert '05]

. @ 2
ith (o) = S 1
¢ (w, B; ) three generalizations

Of the exp. mOdeI (ﬂ = 0) [Grozin, Neubert '96]

[Beneke, Braun, Ji, Wei 18]

@ Matching obtaining ¢(u; )

RGE

Q Y+ ((/J7 MS) — Y+ (W, o~ mQ) [Lange, Neubert '03]

Model T
— =0
e f=1

O (w5 pv).

Model I
— B=-05
,,,,, B=1
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Evolution from Aqcp to myy: Strategy

@ Model for HQET LCDA at i, = 1 GeV

P+ (w§ Ns)

(1+

asCr }712 mod
ir |27 12| )%+

(w§us)

+ 9(w — \/E/,Ls)gﬁisy(w, /,Ls) [Lee, Neubert '05]

with % (w; ) = %S5 (In B 4 1)
¢ (w, B; ) three generalizations

Of the eXp. model (ﬂ = 0) [Grozin, Neubert '96]
[Beneke, Braun, Ji, Wei 18]

@ Matching obtaining ¢(u; )

4 B (5= 0.45, 0 = 0.05) 2.0 D (6 = 0.65, 0 = 0.05)
— 0y — by

3 — & 15 — &
OF) - dor0]| T e o
z =0 \ boro

ba=0 Go=o

1 X 05

0 T ] 0.0 T e ]

0002 04 06 08 L0 00 02 04 06 08 1.0

RGE
Q Y+ ((/J7 MS) — Y+ (W, o~ mQ) [Lange, Neubert '03]

Model T

— =0

Model I
— B=-05

w [GeV]

w [GeV]

ERBL evolution ¢(u; 1) — ¢(u; up, = my)

B meson — mpp(ump; )

mpps(ump; ()

(s )

— d(u; mw)




QCD Factorization Summa I'Y [Grossman, Kénig, Neubert 2015]

atLPin my/mwy < 1

b B~ Y 1
\— b\B 17 :/ de Hy (z, i) o (25 pin)

v we w- _ 1
b 12 = [ do Hale,m)on(e )

ol ﬁ/éf ~ 0

1/z contr. 1/ contr. Local contr.
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atLPin mb/mw <1

b B~ Y 1
\— b\B 17 :/ de Hy (z, i) o (25 pin)

v we w- _ 1
b 12 = [ do Hale,m)on(e )

ol ﬁ/éf ~ 0

1/z contr. 1/z contr. Local contr. with Hy (z) = (1 4+ O(ww))
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QCD Factorization Summa I'Y [Grossman, Kénig, Neubert 2015]

atLPin mb/mw <1

b B~ Y 1
\— b\B 17 :/ de Hy (z, i) o (25 pin)

v we w- _ 1
b 12 = [ do Hale,m)on(e )

ol ﬁ/éf ~ 0

1/x contr. 1/z contr. Local contr. with H, (:1:) — %(1 + O(as))
Br(W — By) = Qemmay f ]Vub|2(]FlB]2 + 1F2B|2)
481}2PW

TUTI
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QCD Factorization Summa I'Y [Grossman, Kénig, Neubert 2015]

atLPin my/mwy < 1
1
]f = / de Hi(x, pp)op(x; pn)
0

1
I_f=/ de Hi(z, pp)oB(x; pn)
0

1/z contr. 1/z contr. Local contr. with H. (z) = %(1 + O(ay))
. emmWf% 2 B2 B|2
Br(W — By )_W’Vubl (!F1 "+ [y )
FP = QulT + Qal{ Fy =2(Q, — Qa) = QuI” + Qul”

Our task is to simply use our evolved LCDA for ¢ p(x; /J,h,) in the convolutions
We will compare with the model from [GKN15] (with our inputs) m
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HQET Factorization [Ishag, Jia, Xiong, Yang 2019]

The process can be studied at fixed-order in HQET considering 1y ~ my,

= |FP| = |F| = QuIf ~ 32 > 1P, Local ~ 1
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The process can be studied at fixed-order in HQET considering 1y ~ my,

= |FP| = |Ff| = QuIf ~ {2 > 1P, Local ~ 1

FB _ fB(Nb) Ood T .
|F12lHQeT = Qu AL (w, M, m, ) o+ (w; ip)

12/12



HQET Factorization [Ishag, Jia, Xiong, Yang 2019]

The process can be studied at fixed-order in HQET considering 1y ~ my,

= |FP| = |F| = QuIf ~ 32 > 1P, Local ~ 1

f B(1w)

|F hqer = Qu r / dw T (w, mip, mw, fp) o+ (W5 fip)
0

we used our inputs and model for ¢ (w; 1) to have a fair comparison
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HQET Factorization [Ishag, Jia, Xiong, Yang 2019]

The process can be studied at fixed-order in HQET considering 1y ~ 1,
= |FP| = |FP| = QuIF ~ > [}, local ~ 1
QCD

FB _ fB(Nb) Ood T .
| 1,2|HQET—Quf—B o (w, My, My, i) P+ (w5 i)

we used our inputs and model for ¢ (w; 1) to have a fair comparison

we checked by re-expanding the resummed result that

hard scattering kernel LCDA evolution jet function

T(w7mb7 va,ub) = Hi(l‘, myy, Mh) Oz fERBL(*’E’ua Mh)ﬂb) Ou jp(uvwa mbmub)

my<mw
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Branching Ratio W — B~: Numbers

_ . +0.04 +0.07 +0.18 +40.59 +2.86 —12
Br = (254 + 0'21"’! —0.07 #r —0.09 #p —0.13 6 —0.33 8 —0.95 )\B) -10

Brigiknis) = (1.99 £ 0.17in T0:08 1 248 ) 10712
Briger = (2.51 £ 0.21; 069 s o108 T095 ap) - 10712
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@ central value enhanced by almost 30% w.r.t. [GKN15]
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@ central value enhanced by almost 30% w.r.t. [GKN15]
@ poor convergence of HQET result denoted by large scale uncertainty
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Branching Ratio W — B~: Numbers

_ _ 40.04  40.07 4018 +0.59 +2.86 —12
Br = (2'54 +0.21 —0.07 #r —0.09 #» —0.13 6 —0.33 8 —0.95 AB> - 10

Briginis) = (1.99 £ 0.17in T0:08 1, 28 ) 10712

Bruqer = (2.51 £0.21;, 0160 1o 008 0 as) - 1071

@ central value enhanced by almost 30% w.r.t. [GKN15]
@ poor convergence of HQET result denoted by large scale uncertainty
@ huge uncertainty due to poor knowledge of HQET LCDA
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