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CONTRIBUTIONS OF SEMI-HADRONIC STATES
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We calculate the contribution of semi-hadronic states with the pseudoscalar P = 7% 7 and scalar
(0(550)) meson accompanied with a real photon as an intermediate state of a heavy photon to the
anomalous magnetic moment of the muon. We consider the intermediate states with mo and o as
hadrons in the framework of the Nambu—Jona-Lasinio (NJL) model. The contribution of the moy
state is in agreement with results obtained in previous theoretical considerations as well as with the

experimental data a],°” ~ 4.5 - 107'?, besides we estimate al” = 0.7 - 107'°, a%” ~ 1.5 107",

+

7T 7~ 3.2-107 % We also discuss the light-by-light (LbL) mechanism with a;;"" = 10.5- 107,

BKJI 1 B HOM JIBHBI M THUTHBII MOMEHT MIOOH OT IIOJy JPOHHBIX IIPOLECCOB — IIPEBp LIEHHS
BHUPTY JIbHOTO (DOTOH B Pe JIbHBIA M CHUCTEMY JAPOHOB — P CCUHMT H B p MK X Mmoxenun H mOy-Hon -
JI 3ummwo. Iind ciayd g v* — 70y; 177y; 0y HOMydeHsl COOTBETCTBEHHO BKI 161 B (g—2),: 4,5-10719; 0,7x
10719, 0,15- 107, Ilna cnyu a v* — 77+, KpoMe cedyenuss B GOPHOBCKOM NpUGIMKeHUH e e” —
atw ™, p ccuur uuoro lO. [IIsuHrepoM, H 10 NPUHUM Th BO BHUM HUe KB Ap T GopMc KTOp MHOH .
Pesymst T it Bk 1 B (g—2), 3,2 - 1070 ok 3BIB eTcd B p 3yMHOM COIJI CHH C 9KCIIEPHMEHT JTHHBIM
31 venneM 3,8-107'°. MpI T Kxe o6cykn eM BKJI bl B (g—2), OT DOy APOHHOIO Hpouecc * — 3y*
TI0 MeX HU3MY D CCESHWsS CBET H CBeTe C MPOMEXKYTOUHBIMH COCTOSHHAMH JPOHOB 7°, 1, o, fo, ao.

PACS: 11.30.Rd; 13.20.-V; 13.25.-K

One of modern precise tests of the Standard Model is the measurement of anomalous
magnetic moment of muon (amm) a,,. The SM contributions are usually split into three parts:

_ _QED EW had
ay =ay;"" +a;" +a "
Contributions of hadrons associated with real photons (semi-hadrons ones) can be separated
into two classes. One of them consists in diagrams of vertex type with heavy photon with
insertion of hadronic vacuum polarization block (see Fig.1). The other contains the light-

by-light scattering block (LbL) and will be discussed below (Fig.2). Using the dispersion
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P, S

Fig. 1. Contributions from state ~+* — Fig. 2. Contributions of the LbL mechanism type
P;S;mtn;y, where H = 7% n;ntn™ with intermediate states P; S

approach, the first type of contributions can be written as

o0

1 ee— S
aﬁ)(s)'y =13 / dso®* P (s) K <W> (1)

14
Mp(s)

The analytic form of the kernel K (p) [1] is

; 1'2 — I)ax
Kip) = [ ST
0

2?2+ (1 —az)p’
1 1 2 _4p42 Vp—14
K(p)=——p+—p(p—2)lnp—(p P42y, VPP ; @
2 2 2Vplp—4)  VP—Vp—4
s 1 1
p= —Mﬁa K )(P)‘p>>1 = %

The main part of contribution to aﬂadr of order 5004 (units 10~ implied) arises from 77~
channel annihilation of e*e™ pair (37 : 438 - 10~ 2K : 314 - 1071 [4]).
Below we will consider the annihilation channels

+

ete” =" = Py,Sy; P=m,n; S=o,

T ©)

During the recent years the papers with calculation of semi-hadron states were published [2—

4]. Rather stable results were obtained for the w7y state, whereas a contradictive result

was obtained for contribution of o+ state [3]. Below we obtain these contributions in the

framework of NJL model [9-11], both are consistent with modern experimental data [5].
The relevant part of chiral Lagrangian in U(3) x U(3) chiral NJL model is [6-9]

ete” -~y -7

L=qlid+m—eQA+ gr(Asmo+ ApTy + A_T_)V5 + o0 - A+

+ 9O E + A KD) + P (g + M) [0, @)
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where 0 = A\ 0, +05)s, ¢ = (i, d,5) where u, d, s are the quark fields, Q = diag (2/3,—1/3,
—1/3) is the quark charge matrix, Ay = 1/v/3(v/2\o + Ag) where \; are Gell-Mann matrices
and A\g = \/m diag (1,1,1), g, = 5.95 is the p — 27 coupling constant, g, ~ 3.

We will use the matrix element of subprocess v*(q, 1) — P(p)y(k,v)

MY = Fp(q®)epman d® K (k) €(q),  fr = 93 MeV, 5)

TJr
with condition F'(0) = 1. We remind the current algebra expression for the pion decay width

[T ~ 7.3 eV.
The NJL result is
Fﬂ'o—>2'y _ 062M7.?;

NIL = W ~T7.1¢eV.

The similar expression for v*(g, u) — S(p)y(k) is

* & L v
MY = e Fs(0) (g - b — v - ) (R)e” (g). (6)
Total cross sections of creation P+, S+ in electron—positron annihilation are
. 8 M2\? M2
o—fgeorP’Y = LC;FZW (1 - —P> 2 2p 272" (7
3Mz s (s = M2)? + M212

In the same may for scalar particles we obtain

. 8 M2\* M4
oS = 0Ty (1- =2 E - (8)
302 s ) (s—M2)? + M2T2

The gauge invariant provides convergence of the loop momentum integral for a, so the
application of such low-energy models as Nambu—Iona-Lasinio (NJL) one [8] for description
of processes of conversion of a virtual photon to light mesons and in particular to mesons
and a real photons, permits one to calculate constants of strong coupling g, g,, go-

Calculations lead to

it ~ —10
(9=2)3"7" ~4.5-107,
~ -10
(g—2)7" ~0.7-1077,
(9-2)77 ~ 0.15- 107"
The contribution from the experimentally accessed region 0.6 < /s < 1.03 GeV was
obtained [5]:

a,,(m7,0.6 < /s < 1.03 GeV)*® = (4.5 4+ 0.15) - 1017,

9
au(17,0.69 < /s < 1.33 GeV)*™* = (0.73 £ 0.03) - 10~ 1.

The contribution from the region below the experimentally accessible region is

au(moy, Vs < 0.6 GeV) = (0.13+0.01) - 10~ 1°. (10)
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The contribution of radiative processes with production of charged pions and two neutral
ones was found [4,5] to be

aulete” = T y,/5 < 1.2 GeV) = (38.6 £ 1.0) - 10~ ', (11

Note that for P~y we use only quark loops, whereas for Sy besides quark loops the triangle
loops with pions and kaons as well are relevant. Total contribution myy;n7y; 27y is

as®(efe” — hadr. +v) = (93+1.0)- 107", (12)
For process eTe™ — o S. Narison had obtained [3], starting from QCD sum rules, two
different results, one of which is

a,(o(600)y) = 0.1-10717, (13)

which is in agreement with our NJL approach.

As for v* — p — o7, the quark loops as well as loops with 71, K1 must be taken
into account, and, besides the imaginary part of meson loops, amplitudes must be taken into
account, whereas for quark loops only real part must be considered (naive confinement).
Both components of ¢ meson ¢ = 7, cosa + g sin « contribute, besides o do not contain
quarks and pion loops. Main contribution arises from o,,. For the case oy main contributions
arise from light quarks and from the pion loop with constructive interference, resulting in
I'y_2y = 4.3 keV [8,9].

In NJL approach we obtain for ete™ — o(550)y

a,(a(550)) = 0.16 - 1071, (14)

We use the o-meson mass m, = 550 MeV as well calculated in [15] and agreement with
experiment [16]. Calculating v* — 7+ 7=+, we use Born approximation and the experimental
pion form factor [19]:

, 1 i ,
G277 = o [ TR ds (1)
4m?2
We use here [17,18]
213
o) = Ry Ay anle) =TSRG 5= 1- T
3 1+

A= W(1+62) —2mf+3m——+

1 1 2

+ (= A3 =35+78 = 50 Lo+ TER(9) as)

F(B) = —2Li(8) + 2Li(—f) — 2Li(1 + )+

+2Li(1 — B) +3Li<#) - 3Li<¥) +36, L=
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As a result, with |F;|> = 1, we obtain (g—2)z+”_7 = 0.7- 10719, but with real form fac-
tor [19], (g—2)z+”77 = 3.13-107 10, which is in agreement with contribution of nonresonance
channel [5].

Analog of semi-hadronic contributions is the light-by-light (LbL) scattering mechanism
with intermediate states with scalar and pseudo-scalar mesons (Fig. 2).

Convergence of different recent model calculations leads to the result [13] (see [14],
A. Nyfeller talk and references therein):

a” = (10.5 4+ 2.6) - 101 (17)

We put below the definite contributions (we follow the paper [13]):

mo: 81.8-107' p:5.62-107 o/ (8% 1.7)- 107,

(18)
o(600) : 11.67- 107 a0(980): 0.62- 1071,

with the total contribution

al,”t = (107.74 +16.81) - 10" (19)

In conclusion we note the results on (g—2)™ 7 and (g—2)“PL obtained in paper [20]. The
enhancement factor of vector-meson dominance was not taken into account for (g—Q)WD’Y.
Besides, the result for (g—2)"P" was obtained twice smaller than was mentioned above. In
paper [21] contribution (g—2)"P ~ 6 - 10710 was obtained in the framework of the chiral
nonlocal model.
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