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1. Isospin Breaking in Weak Decay Constants from | sospin-Violating Quark M asses

The comparatively small but definitely nonzero differentthe masses of up and down quarks
(mg—my)(2 GeV) =~ 2.5 MeV [1] causes a mismatch of the leptonic decay constariteafy—light
mesons. We discuss this phenomenon, for the case B thé&, B, andB* mesons, by considering a
target-oriented limiting case [2-5] of the standard foratioh of the QCD sum-rule framework [6].

2. QCD Sum-Rule Approach to Mesons, Borel Transformation, L ocal-Duality Limit

To begin with, let us rather cursorily recall the QCD surrerdéscription [6] of hadron systems
formed by the strong interactions. Consider a heavy-ligkgan bound statg Q), in the following
generically calledHg, of a heavy quark) = c,b of massng, and a light quark| = u,d, s of masamy,.
For any such meson, the basic characteristics presentig iocus of our interest are its mabh,,
and its leptonic decay constarfi,,. Meson properties of this kind are related, by QCD sum rites,
the fundamental parameters of the underlying quantum fieldrt, QCDyiz., strong fine-structure
couplingas, quark masses, and vacuum condensgges, . . ., reflecting the nonperturbative side of
the coin. Application of a Borel transformation from momantto a new variable dubbed the Borel
parametert, casts the QCD sum rules in the focus of our efforts into a@aeily convenient form:

\ sg;'f)(nm?,rm,as)
12, (M3,) exp-M3, 1) = [ dsexp(—sT)s" p(s.mo,my, s meeq
(mg-+my)?
+ M Ywed T, Mo, Mg, 0, (G0),...) - (2.1)

The right-hand side of this relation involves a variety @friedients governed, in principle, by QCD:

e The spectral densitg(s, mg, Mg, 0s| Mseg) ENCOMpasses all purely perturbative contributions,
derivable by series expansion in powersigfu ) (depending on the renormalization scale

as(H)
T

p(s,mg, My, 0s| Mseg) = Po(S, Mg, My) + p1(s, Mg, My, 1)

2
+ B b (5 .M. g + () (2.2)

Starting at orden2, it depends also on the masses of all sea quarks, collgctallledmsea

e The power correctiond IE)%\)Ne,(r, Mg, My, 0s, (0 0), . .. ) describe nonperturbative contributions
by means of vacuum condensates of products of quark and fiilds, brought into the game
by Wilson’s operator product expansion [7], accompanieddawyers oft, whence that name.

e The effective thresholsg?'f) (1,mq, My, as) delimits, as its lower boundary, the range of values
of our integration variablswhere, according to the postulate of global quark—hadratitgiy
mutual cancellation of perturbative-QCD and hadron cbuatidons takes place. This quantity
definitely depends, in general, also on the Borel parantdfr12]. Taking into account its
dependence increases considerably the accuracy of on®ssQ@-rule predictions [13—-16].

e The non-negative integd&f=0,1,2,... can be used to optimize the study: it decides upon the
share of power corrections and effective threshold in thiessnonperturbative contributions.
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The Borel parameteris a free variable yet to be determined or chosen. Withindhadlation
of conventional Borelized QCD sum rules, the meaningfuiaegf T gets constrained, from below,
by insisting on a utilizably large ground-state contribntand, from above, by requiring reasonably
small power-correction contributions. In contrast, thealeduality limit is defined by letting — 0.

If, for a convenient choice dfl, all power corrections vanish in the local-duality limfiat is, if

Iimol'léﬁ\),ve,(r,rrb,rrh,as, (qq),...)=0  for someN ,
T—
the generic Borelized QCD sum rule (2.1) reduces to a spéttegral over its perturbative density:

q s (mo.my.a) i
flgiq (Mﬁq) = / dSé\‘ p(S, nbv rnQ> aS| msea) 9 (23)
(mg+my)?
o (Mg, My, as) = sy (0, Mg, My, ) -

Seff
In this case, the effective threshcnﬂ) (mg, My, as) must take care of all the nonperturbative effects.

3. lllustrative Special Case: Pseudoscalar and Vector-Meson Weak Decay Constants

Let us now boil down the general QCD sum-rule approach to neelsoefly sketched in Sect. 2
to our actual targets, heavy-light pseudoscalar and vewtsonsi.e., Hy = Py, Vg, of momentuny.
Their weak decay constant, ,, result from matrix elements of the relevant axial-vectoretor
heavy-light quark current: for a pseudoscalar mé3pits leptonic decay constarf, is defined by

(019(0) yu Y5 Q(0) [Py(p)) =i fr, Py ;
for a vector mesoW, with polarization vectog, (p), its weak decay constari, can be found from
(019(0) v Q(0) Vg (p)) = fuy My, €u(P) -

For all such mesons, the spectral densities are availalitearderO(asmy) andO(a2 mg) [17-20].
The applicability of the local-duality limit is endangeriegthe potential existence of terms of order

™2Jog(T) (3.1)

in the power corrections. Accordingly, let us inspect, igg=il and 2, for the casds=0,1,2, 3, the
T dependence of the power corrections and spectral dengiteeformer being suitably redefined by
exp(M§, T)
T, AN

(M5,)
In accordance with the behaviour expectable from expreg8id ), all the power corrections vanish

for N =0, approach afinite value fof = 1, and develop a singularity fof = 2,3 in the limitt — O:

.0 — _
llglonpower(ra mg, My, 0, (4 Q),...) =0,

ﬁ(N)

power(T) = ”gg\)/ver(ﬁ---) (3-2)

. (1) =

lim Mpowed T, Mo, My, 0, (G0), )| <o,
. (2,3) — _
ITILno‘npOWer(T7n]Qanha057 <q q>7 )’ =0.

The local-duality limit ofN =0 QCD sum rules for pseudoscalar and vector mesons is Wiatiedie
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Figure1: Pseudoscalar mesorsdependence of (a) power corrections (3.2) and (b) effethh&sholdsg;‘f).

ChoosingN = 0 simplifies the QCD sum rule (2.3) to a relation for only thealeconstanty:
Seff(MQ. Mg, O's)
= [ dsPm,(SMa.my, a5 Meed = Fin,(en(Mg). Myl Meed . Ho=Py V. (3.3)
(Mg-+mg)?
We denote the function encoding all light-quark-mass ddpeoe by the Greek lettgr(digamma).

4. Strong Isospin Breaking in Charmed- and Bottom-M eson Weak Decay Constants

Heavy-light-meson decay-constant studies [21-25] rglgimthe conventional QCD sum-rule
framework with Borel-parameter-upgraded effective thodd draw the behaviour of the latter from
knowledge about mesanassed our focus. In the local-duality approach, upon noting {Ba4,5]
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Figure2: Vector mesonst dependence of (a) the power corrections (3.2) and (b) teetafé thresholsg;‘f).
in the difference of heavy—light decay constants the degecelon the strange sea quarks drops out,
Fg (Seft(Ma), M | Mseq) — F, (Sert (Mu), My | Msea)
= [ty (Seff(Ma), M | Msea= 0) — £, (Seft (M), My | Msea= 0) + O<%§ (Mg — mu)) , (41

we adjust the functioriiy (mg) of a continuously varying, normalized to its averagi; (myq) with
Mg = % (my+my), for several ansatzes of increasing degree of sophisticéir the problem’s core

Zeff = \/Seff — Mg — Ny, (4.2)

to related lattice-QCD resulff; (myq) and fy (ms) at a physical quark mass [26,27]. Figures 3 and 4
then yield, in nearly perfect agreement with the convertiéindings [28], thefy, differences [2-5]
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Figure3: Behaviour of the decay constarigq‘@ = fD(*> (mq) of charmed pseudoscalar and vector mesons, in
q q
units of fy ) = fD(*> (mua), for the light-quark massy, varying in the interva(0O, ms), resulting from the three
q

ansatzes considered by Ref. [2] (dubbed “constant”, “lih@ad “linear + chiral”) for our effective-threshold
functionze¢ defined in Eq. (4.2) [2-5], compared with the results of a emtional QCD sum-rule study [28].
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Figure4: Behaviour of the decay constarig% = fBM (mq) of both pseudoscalar and vector bottom mesons,
q q
inunits of f5.) = fBM (mua), for the light-quark massy, varying in the interva(0, mg), arising from the three

ansatzes considerqed by Ref. [2] (dubbed “constant”, “lih@ad “linear + chiral”) for our effective-threshold
functionze¢ defined in Eq. (4.2) [2-5], compared with the results of a emtional QCD sum-rule study [28].
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fo: — fpo = (0.9640.09) MeV , foer — fpo = (1.18£0.35) MeV ,
fao — fge = (1.010.10) MeV , fgo — fgee = (0.8940.30) MeV .
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