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Evaluation of hadronic vacuum polarization contribution to muonium hyperfine splitting
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The contribution of hadronic vacuum polarization to the hyperfine splitting of the muonium ground state is
evaluated with the account of modern experimental data on the cross sect@ieof-annihilation into
hadrons[S1050-29479)01903-4

PACS numbd(s): 36.10—-k

In the framework of the quasipotential method, the par- o a\? ~ (= R(s)ds
ticle interaction operator forjland 2y processes takes the AEhfs(Me)=(—) mem, Er f 235
w 4m S
form [1-3] v
1 16—6N—A\2
V:V17+V272VC+AV, J;) mi)\2+s(1_)\) )\, (5)

Vi,=T1,, Vo, =Tp,—T1,X Gfley, (1) wheremg, m,, and m, are the masses of electron, muon,
and charged pion, an&"=8a*mim:/3(me+m,)* is the
whereV¢ is the Coulomb potentiall;,, andT,, are one- and Fermi energy of the muonium. The inner integral in E5).
two-photon scattering amplitudes off the energy shell, and¢an be calculated analytically. For the calculation of the ex-
[G']71=(b?—p?)/2ur is the free two-particle Green func- ternal integral, we have used the parametrizatiorR(s),
tion (ug is relativistic reduced mag$4]. Then the corre- Wwhich accounts for modern experimental data on the annihi-

sponding correction in the energy spectrum may be writteriation cross section oé*e™ into hadrongd5-13.

as follows: The cross section”” may be expressed as a sum of terms
[2,3]:
AE=(yr|AV]yr), 2
" " Uh: O'?m_’_ O'Pes—'_ Ugackground (6)

where g, is the ordinary Coulomb wave function. The had-  The main contribution to the cross sectiofi is deter-
ronic vacuum polarization contribution to the energy specmined by the process' +e~—a" + 7. The cross section
trum is determined by the Feynman diagrams represented i¥ this reaction is proportional to the modulus squared of the

Fig. 1 by means of Eq(l). To take into account vacuum pjon form factorF . The corresponding spectral function
polarization in these one-loop diagrams, we must do the fol{4) may be presented in the form
lowing substitution in the photon propagaf@i:
(s—4m2)%2 )
1 (a)z o p(s)ds pﬂﬂ(s):WZ_|F7T(S)| . (7)
ke+ie m) Js, K°—stie

Contrary to our recent calculatidd4], to perform integra-
tions in Eq.(5) for this case we have used the expression of

where the spectral functiop(s) is connected with known the pion form factor, obtained i5];

cross section oé" e~ annihilation into hadrons™",

© R(s) o"(ete —hadrons @ dingroms
- - — —\ 1 with crossed
P 3s 3SUMM(e+e —uu) + + photon Linos
and subtracted
ando,,(ete”—u*u")=4ma?3s is thee*e™ annihila- dingrams
tion cross section to muonic pairs. Introducing Feynman'’s
parametrizatioriparametei), we can write the contribution
of hadronic vacuum polarizatiaiiVP) to muonium ground- FIG. 1. Feynman diagrams, defining the hadronic vacuum po-
state hyperfine splitting in the forfi2] larization contribution to the hyperfine structure of atomej.
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. m, s . mi mi TABLE I. Contributions to muonium hyperfine splitting.
s)= . expl — ——-x —,
ol m,—s—im,I"(s) 9672~ s mTP 2 m
2 2 Energy range/s AEj( ne) / (ﬁ) —EF
. 1 (mK mK)H @® Final state (GeV) m mz
o _1 _2 L
2\ s'my po—2m  (0.28,0.8) 2.05180.0134
. w— 3T (0.42,0.81 0.1869+ 0.0061
where the function & 0.2122+ 0.0077
m% mg mlzD é 5 X opt1 JIv 0.0538+ 0.0059
A ?,—2' =In - + — §+ Pln —1 s Y 0.0006+ 0.0001
K K 7 Hadrons (0.81, 1.4 0.5562+0.0260
B Hadrons (1.4, 2.2 0.2406+0.0199
op=V1-4mg/s, ©) Hadrons (2.2, 3.1 0.1252-0.0110
__— —_— Hadrons (3.1,5.0 0.0906+0.0122
S 1 m
_ Tl Al K TK Hadrons (5.0, 10.0 0.0560+ 0.0015
p(s) 2 ——>Im |t 5A il
96mf7 o) 2 m Hadrons (10.0, 40.0 0.0227-0.0007
(10 Hadrons (40.0, 60.0 0.0012+0.0001
Hadrons Js=60.0 0.0010
= +
wheref ,=92.42+ 0.07+0.25 MeV[16], andmy andm, are Summary contribution 3.50880.1045

the masses df* andp mesons. This pion form factor gives
a good description of the experimental data up to energles of
the order of 1 GeV in terms ah,, mc, m,, andf, new valug(11) allows one to increase the accuracy of testing
obtain the resonance contribution ¢, the Breit- ngner the r_adiative .correcti.on.s to the ground-state hyperfi_nt_e split-
representation has been exploited. The contribution ofing in muonium. It is important because the precision of
agackgroundwas founpl py fitting of the.experimental points h)llperfme muonium _Spll';tlr;]g m%asurt:r;g;ﬁs mNThehn(aw Los
[5—13. For a description of the experimental data, we have® amOT ef>f<per|ment Is of t ‘; Olr er or 1Uk Z.d uch t Ie_l
used the polynomial fiR(s)==0_,c,(y/s)* of high order on oretical effort was spent In the last years in order to calculate

. ) the new contributions to the muonium hyperfine splitting of a
n. The coefficientg, were determined by means of the Ieast—hlgh degree ina: and me/m,, [17,18,19. The theoretical
squares method. The region d§>60 GeV was desc_ribed value AEhfs_4 463302, 59(1 34 (0.21) (0.16 kHz [17],
by the QCD formula, following from the assumption of taking into account Eq(11), is in good agreement with the
asymptotic freedom with six quarks. The results of our cal- xperimental results ES®=4 463 302.88(16) kHz [1]. The

S
culations are presented in Table I. The total contribution c’f?rst and second errors IRE!" reflect the uncertainties in the
HVP to hyperfine muonium splitting is equal to measurements ok~ [20] and m,/m,. The third error is
/Mg
2 mm purely theoretical and dominated by the coefficients in the
—LEF a(Za)? and a(Za)3In(Za) correctiong18].
m

w

AEN(ue)=(3.5988+0.1045 ( %)
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