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1. Intr oduction

TheFermilabLatticeandMILC collaboration$ programincludescalculationsof the hadronic
matrix elementsfor weak D and B mesondecays,in particular the decayconstantsfy, st, fa,
and fBS and the semileptonicform factorsfor B — m/v, D — m(K)¢v, andB — D*¢v. In this
work we presenta perturbatve matchingcalculationof the relevant currentrenormalizationgo
one-looporder The numericalsimulationsfor the above physicsanalyseuuseMILC ensembles
with improved glueand2 + 1 Asqtadstaggeredseaquarks[d]. Thelight valencequarksarealso
generatedrom Asqgtadstaggeredjuarksand corvertedto naive quarks. The heary (charmand
beauty)quarksaretreatedwith the Fermilabaction. SeeRef. [2] for moredetailson the actions
andparametersisedin the numericalsimulations.

2. Definitions

In this work we follow the analysisof Ref.[8], wherethe one-loopcorrectiongo heavy-light
and heary-heary currentrenormalizationsvere calculatedfor Fermilabheavy and Clover light
guarkswith Wilsonglue.

Theheavy-light currentshave theform

I =gy, (2.1)

wherel, =y, or y,, y; andy;, denotesanave AsqtadDirac spinotr TheFermilabDirac spinot ¢,
is rotatedby

Y, = @[l+ady-D], (2.2)

with thetree-level coeficient
4 - 1 B 1
7 24mpa 2(1+mya)’

(2.3)

The heavy-heavy currentshave theform

IRy (2.4)

wherenow both spinorsarerotatedDirac spinors. Sincethe heary quarksarerotated,the lattice
currentsof Eqns.(2.3) and(Z.4) includethe leadingordertree-level discretizatiorcorrections.
Thecurrentrenormalizations definedas

1/2 1/2 t
o @2
2

(2.5)

whereA 3 arethevertex correctionsandZ,,, (Z,)) aretheheavy (light) quarkwave functionrenor
malizations.

We factoroutthe dominantmassdependencdueto thetree-level wave functionrenormaliza-
tion of theheary Fermilabquarkby definingthe perturbatve expansionas

e ™MV2ZN =14 AR (2.6)
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wherethe heavry quarkmassesredefinedasusual,
mla=log(1+mpa), mua=1/(2k,)—1/(2Ky;) - (2.7)
SinceZV4 for degeneratenassess easyto calculatenonperturbatiely, it is usefulto define
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In this casethedominantmassdependenceanceldy construction.
Analogouslyfor heary-heavy currentswe have:

(Z(l/Z) /\J 7(1/2) )cont

hhY 2h ok
- ) 2.9)
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ENCEENET O
Takingtheleadingmassdependenceut again, the perturbatve expansions definedas
ef(mﬂ+mﬂ,)a/2251rh’ — 14+ g%Z?h' Ay . (2.10)
r
Finally, the p factorsfor heary-heavy currentsaredefinedas
oy
hh _ - _ 2 hh[1]
Py = oz 1+90er +.... (2.11)
4 V4

3. Procedure

In this work we usethe automatederturbatiortheorytechniqueglevelopedby Liischerand
Weisz[4] to generatehe Feynmanrulesfor thelatticeactions.We thenintegratetheloop diagrams
by “brute-force” usingVEGAS [B]. The adwantageof usingautomatedperturbatiortheoryis that
it is relatively easyto switch actions[B]. Indeed,we have resultsfor the currentrenormalizations
for two gluonactions,two light quarkactionsandthe heary quarkaction.

Theone-loopdiagramdor thevertex correctiongincludingtherotations)aregivenin Ref. [8].
We have performedhefollowing testsof our calculation:

e For theautomategerturbatiortheorycode,we have comparedur verticesandpropagtors
againstknown results.

e \We have written two independenprogramsfor calculatingthe currentrenormalizations
basedon theautomatedgerturbatiortheorycode.

e We have a third independentalculationof the currentrenormalizationsusing traditional
semi-analytianethods.

e Ourresultsfor the heary-heary currentsagreewith thoseof Ref. [8] whenwe switch from
theimprovedgluonpropagtorto theWilsongluonpropagtor We alsoreproduceheresults
of Ref.[8] for heary-light currentswith Clover light quarksandWilson glue.

e Ourresultfor the Asqtadnaive wave functionrenormalizatioragreeswith Ref. [/], andour
resultfor the naive-nave vertex correctionwith Wilson glue agreeswith Ref. [8].
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4. Results
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Figure 1: ZI" for equalmassessa functionof m?.
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Figures1—4 illustrate our resultsfor the Z's, p’s, and g*'s asfunctionsof the heary-quark
massm’a. Theq"'s arecalculatedrom thelog momentsusingEqn. (13) of Ref. [d].

Our resultsfor the heary-heary currentsarevery similar to thoseof Ref.[d], sincethey differ
only in thegluonpropagtor Themainfeaturesof themassdependencarethesame.Figuresl-2
shaw resultsfor the degeneratenassv, current.We alsohave resultsfor theothercurrents(V;, A,,

A,) aswell asresultsfor currentswith unequamassesin the massleséimit we find
Z0(m% = 0) = —0.10056(3) , (4.1)
4

in goodagreemenwith Ref.[10]. Thisis anothettestof our calculation.
Figure3 shovs acomparisorof thecurrentrenormalizatiorof theheavy-naive A, currentwith
the corresponding factot andFigure4 shavs p/) ¥l and ! [, First, the generaffeaturesof the
4 i

1 is significantly

heary-quarkmassdependencaresimilar to the resultsof Ref. [d]. Second,o/'l'
M
smallerthan ZR' 1 over the relevant massrange. Hence, the cancellationbetweenthe numerator

anddenominatoof Eq. (2.8 alreadyobseredin Ref.[8] alsotakesplacefor heary-naie currents.
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Figure2: g*afor ZI"™ for equalmassessafunctionof m(’.
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In themassleséimit we find:

a0 Mm% =0) = ~3.038(2)-10°° (4.2)

4

A (Mm% =0) = —3.05(5)-1073

We alsohave resultsfor the nave V, currentrenormalizationin the massleséimit we find

z\','jl} (m, = 0) = —0.10457(4). (4.3)

We have studiedthe massdependencef Z\'/' 1 by varying m, betweerzeroandthe strangequark
4

massWe find thatZ!} [/ is essentiallyindependenof m,

In summarywe ﬁa/e calculatedhe currentrenormalizationselevantfor thenumericalanaly-
sesof heavy-light decayconstantandsemileptonidorm factorsperformedby the FermilabLattice
andMILC collaborationsWe calculatethefull massdependencef theZ'sandp’s. Theone-loop
correctionsto the p factorsare small. They vary roughly between0.4% and 4%, dependingon
lattice spacing.
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