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The elaborated Unitary and Analytic models of pseudoscalar meson

nonet electromagnetic structure, and to some extent also of nucleons, give
more precise theoretical prediction for the hadronic contribution Aaflz)d(t)
to the running fine structure constant QED «(t) in the space-like region,
which by the novel approach leads to the following complete SM muon
anomalous magnetic moment value aEM = (11659196.35 4 4.81) x 10719,
This result deviates from the world average experimental value af;® =

(11659209+6) x 10710 by 12.65 & 7.69, i.e. 1.60.
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1. Introduction

The SM muon anomalous magnetic moment consists in the contributions
SM _ _ QED (LO)had (NLO)had (NNLO)had (LbL)had | EW
a, =a; - +a, + ay, + ay, + a,, +a, . (1)

The total uncertainties of aEM are given by the “Leading Order” hadronic

contribution a,(lLO)had which has been remarkably improved by recent evalu-

ations in [1, 2|, calculating the sum of three dispersion integrals

9 Scut T
,LOhad _ @ (0) ds otot(eTe” — had) K(s)

H 32 s orot(eTe™ = putu~)
mfro

* Presented at at Ezcited QCD 2020, Krynica Zdréj, Poland, February 2-8, 2020.
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The Scy; is by various authors taken from the region 0.8-4 GeV?, see Fig. 1,
in which highly fluctuating o¢ot(eTe™ — had), due to hadronic resonances
and threshold effects, in the first integral is changed to a smoother one, in
the second integral to be dependent on inclusive R9%%(s) bare data. The
function RPYCP(s) is calculated in the framework of the pQCD with active
flavors Ny = 6 as RI%2(5s) is given up to s = 40000 GeV2.
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Fig. 1. A comparison of the sum of bare total cross sections eTe™ — had (full line)
and the inclusive R-data.

In the novel approach [3, 4], ,S Ohad is oxpressed through Aal(la)d( t(z))
a0) [
ad | O
afLL Jhad _ / (1—2x) Aozfla)d( t(z)), (3)
0

and the 5 light quarks u,d, ¢, s, b contribution to A«(t) in the running fine
structure constant QED is

alt) = 5 0

This constant is suggested to be measured in space-like region [5] by the
CERN North Area muon beam scattered on atomic electrons of Be and C.

2. Improved aiM by theoretical evaluation of Aal(fa)d(t(m))

The authors of papers [1, 2| improved the a(LO)had value by using more

precise data on eTe~ — had processes. However they used the same trape-
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zoidal method of integration as in their previous papers. Here, another
improvement of their results is achieved by novel approach (3), and opti-
mally describing e™e™ — had processes with two particles in the final state
by pseudoscalar meson nonet Unitary and Analytic (U&A) electromagnetic
(EM) structure models [6], which enable to calculate contributions by means
of the continuous integration method. The trapezoidal method of integration
is left only for evaluation of channels with a number of final particles more

than two, which are giving mostly negligible contributions to Aal(lz)d(t(a:)).

Simultaneously, a dependence of afLLO)had

vestigated.

on the chosen value of sqyt is in-

Aaﬁi{i(t(w)) is evaluated through the following three dispersion integrals:

5 a(0)t(x b ds’ ol (eTe” — had)
Baffhiu(ey = - AP | [ A gl 2
3 J s'(s" —t(x)) op(eTe™ — ptp~)
m2,
SpQCD o0

A e s _ds qep S
i / Sty )T / e SR R

Scut SpQCD
(LO)had
The expression is similar to a, n (2), however, now without the QED
kernel K (s).

Evaluations of the first and the second integral require the experimental
data to be undressed of all “vacuum polarization” effects.

The bare single total cross sections in the first integral with sinking
tendency of contributions beyond the process ete™ — /vy are
o (e+e — had) =00, (e+e — 7r+7r_) + o, (e+e_ — K+K_)
+amt( Tew — KOKO)
+Uto E ete” > 'V) + oot (6+6 — 77’Y) + Ot (6+67 - 77/'7)

+at0t ete” s atn a1 + 02, (eTe” = nTn 20°) + 02, (e+ef — 27r+27r7)
+00, (ete” - n°KtK™) + ol (e+ef - 1'K°K )

+0$0t ete” >t K K°

+Jtot (e"'e — T K+KO) + Jtot (e+e - 7T+7T_K+K_)

+Jtot (ete” = n’n  KTK")

-‘rO’tot (e+e - 1T KK ) + o2, (e*e — T ﬂOKOKO)

+Utot (ete” — 2nt2r27°)

+ol, (ete” =7 K*KE) + ol (e+ef — 7TO7TOK+K7)

+opo (eTe” = n’n° KOK°

+00, (ete™ — 7T+7T0K7K0) + 02, (e*ei — 7r77rOK+KO)

+oo (eTe™ — 2nT 27 27r°)

0o, (ete™ =t ) + ol (e+ef = 2rt2r77%) 4 ol (e+ef — 7700.))
+a?0t ete” — 777T+7r77ro) + U?ot (e+ef — 17(;3) + Tiot (e+ef — nwwo)
+opy (eTe™ = nw) + ol (eTe™ = 3n7377) + ol (eTe™ — n2rt2n™)
+0to, (eTe™ = pp) + ol (eTe” — nn).
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The first six of them are first expressed through the corresponding EM
form factors (FFs) squared and then the free parameters of FFs are found in
an optimal description of all existing bare FF data in space-like and time-like
regions simultaneously [6].

In this approach, the pseudoscalar EM FFs are first split into isoscalar
and isovector parts

Fre(s) = FI:l[W(S)] FKi( = FiZ [V(s)] + FH [W(S)];
Fo(s) = F [V(s)] = Fi W ()]s Froq(s) = Fro) [V (s)] + Fro) [W(s)] 5
Fi(s) = FI PV + FI W ()]s Fya(s) = FI O[V(S)] FI 1[VV(S)]

(6)

then, all theoretical form factor properties are incorporated, whereby F/=1(s)
are saturated by p, o/, p”" and F1=(s) by w, ¢, w’, ¢/, w", ¢". As aresult, every
FI=1W(s)] and F'=9[V(s)] is defined on the four-sheeted Riemann surface
and dependent on coupling constant ratios (fyarar/fv) and effective inelas-
tic thresholds t;, as free parameters of the models. The U&A model |7] can
be used also for estimation of the contributions of the last two total cross
sections, 0¥ . (ete™ — pp) and o (ete™ — nn), to Aa}(i)d(t(:v)). Since Scut
are used from one author to another to be different, calculations are car-
ried out one after the other with scy, = 0.8 GeV? [8], scus = 1.96 GeV? [9],

Seut = 2.0449 GeV2 [10], Seut = 3.0 GeV? [11], scut = 3.24 GeV? [1], Scut =
3.75 GeV? [2], scut = 4.0 GeV? [12]. Every contribution to Aa}(l‘r;)d(t(x)),
calculated in the first integral, including also contributions from the second
and third integral in (5), is represented by a summary curve in Fig. 2 in the

logarithmic scale. However, curves dependent on s¢yt are not distinguishable
there.
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T

Fig.2. Sum of all predicted curves in the logarithmic scale.
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Therefore, we integrate every of them by means of relation (3) and the

resultant values of a,(LLO)had are presented in Table I from which one can see

that they do not depend on the choice of s¢,t, besides the first one, by various
authors. Its central value can be explained by the fact that sy = 0.8 GeV?
corresponds to 0.894 GeV, in this case the first integral in (5), evaluated
prevailingly by means of the U&A models of the corresponding FFs, does
not cover the contribution of the ¢-meson peak from Fig. 3.

TABLE I
Values of aflLO)had.
Scut [GeV? af}o)had x 10710
0.80 (700.083 + 2.866)
1.96 (706.666 & 4.018)
2.0449 (707.005 £ 3.531)
3.0 (708.095 & 4.616)
3.24 (707.591 £ 4.124)
3.752 (707.215 + 4.226)
4.0 (706.820 £ 3.741)

It is taken into account by means of the trapezoidal integration in the
second integral of (5) through the data in Fig. 3 from R'(s') and these

data are little bit sparse.
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Fig.3. ¢-peak contribution by U&A-models (left figure) and by inclusive R (right

figure).

The values in [1, 2], (693.1 & 3.4) x 10719 and (693.26 + 2.46) x 10710,

respectively, are lower than ours in Table I and this effect can be explained
by similar arguments as presented above. Evaluations of integrals from the
lowest threshold s = mfro up to the spqep in [1, 2] have been carried out by
the trapezoidal method.



144 A.Z. DUBNICKOVA, S. DUBNICKA, A. LIPTAJ

Adding to our averaged value (the first value from Table I is not included)

alrOMmd — (707.232 + 4.043) x 10710 the contributions from higher order

hadronic loops, —9.87 £ 0.09 (NLO) and 1.24 £+ 0.01 (NNLO), the hadronic
light-by-light scattering 10.5+ 2.6, as well as QED 11658471.895+0.008 and
electroweak effects 15.36 + 0.10, one obtains the complete SM prediction to

be ai™M = (11659196.35 & 4.81) x 107!, This result deviates from the

world average experimental value aj; © = (11659209 4 6) x 10719 by 12.65 +
7.69(1.60).

3. Conclusions

We have used a novel approach [3] and the elaborated Unitary and
Analytic models of electromagnetic structure of pseudoscalar meson nonet
[6] to improve the LO of hadronic contribution to muon g — 2 anomaly
achieved recently in [1] and [2]. Adding to our averaged value &ELLO)had =
(707.23244.043) x 10710 the contributions from higher order hadronic loops,
the hadronic light-by-light scattering contribution, as well as value from
QED and electroweak effects, the obtained result aEM = (11659196.35 +

4.81) x 10710 deviates from the world average experimental value aj,* =

(11659209 4 6) x 10710 by 1.60.
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