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PION, KAON ELECTROMAGNETIC FORM FACTORS IN THE FRAMEWORK
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The pion and kaon electromagnetic form factors Fi (0%) are calculated at the leading order of perturbative QCD using the running cou-
pling constant method and infrared matching scheme. In computations the asymptotic distribution amplitudes for mesons are used. The Borel
transform and resummed expression for Fi (Q?) are found. It is shown that the running coupling constant method allows one to estimate
power suppressed corrections to Fi (Q°) . Comparison is made with the infrared matching scheme’s result and with the experimental data.

Investigation of the infrared (ir) renormalon effects in va-
rious exclusive and inclusive processes is one of the impor-
tant problems in the perturbative QCD [1]. It is well known
that all-order resummation of ir renormalons corresponds to
the calculation of the one-loop Feynman diagrams with the
running coupling constant as (-k?) at the vertices or, alter-
natively, to calculation of the same diagrams with non-zero
gluon mass. Both these approaches are generalization of the
Brodsky, Lepage and Mackenzie scale-setting method [2] and
are equivalent to absorbing certain vacuum polarization cor-

rections appearing at higher-order calculations into one-loop
QCD coupling constant.

Unlike inclusive processes exclusive ones have additional
source of ir renormalon contributions [3-5], namely, integra-
tion over longitudinal fractional momenta of hadron consti-
tuents in the expression of the elm form factor, which genera-
tes such corrections.

In this work we consider light mesons (pion, kaon) elec-
tromagnetic form factor, which in the context of QCD has the

| form
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where O?=-g” is the square of the virtual photon’s four-
momentum. Here ¢ is the meson M distribution amplitude,
containing all non-perturbative hadronic binding effects. In
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!(l) Ty is the hard-scattering amplitude of the subprocess
qg’ + 7* — qgg' and can be found using QCD.
| Atthe leading order Ty is given by the expression
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One of the important moments in our study is the choice
of the meson distribution amplitude @, (x,Q?). Here for the
pion and kaon we use the asymptotic amplitudes
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and £,=0.093GeV, £,=0.122 GeV are the pion and kaon de-
cay constants.

The QCD running coupling constant as(éz) in Eq.(2)
suffers from ir singularities associated with the behaviour of
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as(éz) in the soft regions x—=0,y—»0;x—1,y—>1. To
solve this problem in the context of the running coupling

constant method let us relate the running coupling as (A0?) |
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in terms of @5 (Q°) by means of the renormalization group
equation {6]
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where as(Q?) is the one-loop QCD coupling constant,
Bo=11-2n¢/3 is the QCD beta-function’s one-loop coeffi-
cient.

As it was shown in the works [3-5], integration in (1) us-
ing (2) and (4) generates ir divergences and as a result for
Fu(Q%) we get a perturbative series with factorially growing
coefficients. This series can be resummed using the Borel

transformation [7]
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where B[Q?Fy] (u) is the Borel transform of the corresponding perturbative series.
When we take both of the variables x, y in Eq.(2) as the running ones, for B/Q?Fy] (u) we find
1 1 2 2

B[QZFM](U) = (1 _ u)z + (2 _ u)z - 1-u + 2 —u (6)

The Borel transform (6) has double and single poles at u=1,2 which are the ir renormalon poles. The resummed expression
(5) can be calculated with the help of the principal value prescription [6]
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Fig. The pion elm form factor calculated using @",sy (x} (3). The curves correspond to the following computational schemes: 1 - resum-
med expression (7), 2 - resummed expression (9),dashed curve 3 - ir matching scheme, short-dashed curve 4 - frozen coupling ap
proximation.

Here 11 (A) is the logarithmic integral
In the case with one frozen (for example,y) and one run-
®) ning (x) variables we get
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The ir renormalon carried out analysis allows one to esti-  freezing one of variables (y) we can express O°Fy (Q?) in
mate power corrections to the light mesons’ elm form factor.  terms of moment integrals £, defined by the formula

Another way of such estimation is the infrared matching sche- 2

me, in the context of which one explicitly divides power cor- f (Q ) = P I dkkP g S ( K? ) (10)
rections from the full expression by introducing moments of i oF 0

a;s at low scales as new non-perturbative parameters [8]. By After simple calculations we get
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where y=2 GeV is the ir matching scale, z=1n (Q/ \/E M, £2 (”=2G°Y) =0.5 s £ (p=2 QeV) =0. 3 47. As is seen,
as (0?/2) and I'(n, x) is the incomplete gamma function. Eq.(9) and ir lpatchlng 'scheme give approximately the same
Results of numerical calculations for the pion are results, excluding a region of smal} 0’ In genera!, the ir re-
shown in Fig. The similar results can be obtained also for n‘onnalon effegts enhance the ordinary perturbaFlve predic-
the kaon. In our calculations we take for non-perturbative tions for the pion, kaon elm form factors approximately two

parameters f,(u) and f,(u) the following values times, partly, explain experimental data [9].
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PION, KAONUN ELEKTROMAQNIT FORM FAKTORLARI DOYI$ON T9’SIR SABITI USULU VO
INFRAQIRMIZI IN’IKAS SXEMI CORCIVOSINDS

Pion vo kaon Fy(Q%) elektromaqnit form faktorlad: perturbativ KXD-nin esas yaxmlasmasinda deyisen te’sir sabiti iisulu ve
infraqirmiz1 in’ikas sxeminin kémayi ile hesablanmigdir. Hesablamalarda mezonlarin asimptotik paylanma funksiyalarindan istifade
olunmugdur. Ugiin Borel gevrilmasi ve yenidencemlenme ifadeleri tapilmigdir. Gosterilmigdir ki, deyisen te’sir sabiti disulu stli
azalan diizelilerin Fy (Q?)-na verdiyi olaveleri qiymetlendirmaye imkanverir. Infraqirmiz1 in’ikas sxeminin naticeleri ve tecriibi
neticelerle miiqayise apalirlmigdir.

II.C. Araes, A.. Myxrapos, E.B. Mamenosa

IMMAOHHBIN, KAOHHBIA JIEKTPOMATHUTHBIE ®OPM-®AKTOPHI B PAMKAX METOJA BETYIIEN
KOHCTAHTBI CBA3U H CXEMbI HHOPAKPACHOI'O OTOBPAKEHHUSA

DNIeKTpOMArHUTHBIE (HOPM-(DAKTOPHI MTHOHA, KAOHA Fy (Q°) BHIYHMCIIEHH B TIABHOM NpHGMIKeHHn nepTypGaruproi KXJI ¢ noMomsio
Meroza Geryuieit KOHCTAHTHI CBA3M U cXeMbl HH$pakpacHoro oro6paxenus. IIpH BEMHCICHUIX HCTIONB30BaHEl ACHMITTOTHYECKHME DYHKIMH
pacnpenenenms. Jinn Fi (Q°) wmaiinenst Bopenesckoe npeoGpa3oBaHKe M IIPOCYMMHPOBAHHOE BhIpaxeHus. [ToxasaHo, uTo MeTox GerymeH
KOHCTAHTH! CBA3H TO3BOJISET OIEHMTE BKNAA B Fy (Q°) CTENEHHO-TIONARNEHHEBIX NONPaBoK. IIpOBEEHO CPABHEHHE C PE3YNETATOM CXEMEL
HHOPaKPaCHOTO OTOGPAKEHHUS U C IKCIEPHMEHTANBHBIMH JTaHHBIMH.
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