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1. Thegauge model description

Low-energy phenomena in the hadron physics are strongly determirtbe bpnperturbative
(NP) interactions. At the fundamental (QCD) level hadron charactegiatee analyzed in the QCD
Sum Rules with a NP vacuum condensates. Hadron structure and intesexdio be also consid-
ered in the effective Lagrangian approach. Starting from the QCDaldbiwv-energy expansion
of Green functions leads to effective Lagrangian with phenomenologitgdling constants [1, 2].
Effective chiral hadron model having the Nambu-Jona-Lasinio streatith the quark-meson in-
teractions and incorporating vector mesons as a gauge fields, haslt®ap@lied to the hadron
reactions studying [3, 4]. In fact, quark-meson models contain some [NB)tparameters: effec-
tive couplings, which are defined by the (diverged) quark loops.irfhgularization fixes some
NP scale of the theory)\ < 1GeV. Obviously, these models reproduce both nonperturbative and
structure effects of the low-energy interactions [5, 6].

As it will be demonstrated, dynamical symmetry of hadron interactions cardéguately
considered in the gauge scheme for hadron and (constituent) quaskffigid the very beginning.
So, gauge principles, spontaneous symmetry breaking and the Higgsnisachaork well not
only at the fundamental quark level, but at the hadron one. In this veayph-meson interactions
were analyzed in [7].

The suggested renormalizable quantum field model isothemodel inspired construction,
where the fundamental hadron components are reproduced by th#uwmmsuarks and mesons.
To analyze strong and electromagnetic processes it is sufficient to eodgid) x U (1) x SU(2)
gauge group with the spontaneous symmetry breaking. Then, we localiziatienal sum of
chiral SU_r(2) subgroups of the glob&@U_(2) x SUk(2) group only. Due to extré) (1) groups,
vector meson dominance is realized at the gauge level as the mixing of initige dields,p, w
andy (their chiral partners occur after localization of the total chiral groigspite of radiative
decays of light mesons, the model describes some details of the scalar pmgsoss. Namely,
after the spontaneous breaking of the local symmetry, residual scalaivmdsgrees of freedom
(Higgs fields) reproduce physical scalar states: isotrigj€®80) and isosingletfp(980). Some
properties of the scalar meson spectra are explained in this way. deteneson is associated
with fo(600)— meson [8, 9]. Mesong and i manifest themselves as real external fields, and
work also as an effective virtual components of internal hadron vacduneir occurence in loops
can be understood as an excitation of the quark sea in a hadron.

The initial model Lagrangian can be written as follows:

L =igDq— »Q(0 + imTa)s)q+ 3 (D) H (Dum®) + 30,00+ 0 + S u?(0? + memd)
— 3 (0% 4+ 11%)? + (DuHa) " (DuHa) + HA(HA Ha) — A (HAHa)? — A2(HA He) (Ha Ha)
—h(HA Ha) (02 + mr?) — 3By BHY — IV VAV — VA VY. (1.1)
Hereq = (u,d) is the first generation quark doublet (the fundamental representatiniplet is
the adjoined representation of t8&)(2) gauge groupg-meson is a singleti; » - two doublets of
complex scalar fields with the hypercharggs = +1/2,a=1,2,3 andA = 1,2. Physical states
are formed by the primary fields mixing when quadratic mass forms of scalareanor fields are

diagonalized. At the tree level, the mass forms arise as a result of vahifiswghich generate
the gauge fields masses:o >=v, < H; >= (v1,0)/v2, < Hp >= (0,v2)/v/2.
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The model Lagrangian in terms of physical fields can be found in [10le ©uwniversality
of vector boson couplings, their interactions with quarks and meson®aceiloed by three gauge
parametersigg, g1 andg,. The Lagrangian vertices contains some orthogonal linear combina-
tions ofgg, g1, g2 with (tree) mixing angles si@, cos, sinf, cosB. These angles are fixed by the
experimental data on the vector meson masses and decay widths. Aiggteetermined by the
diagonalization of the vector fields quadratic form.

We have the following relations:

me. M. —me,(05/99)\ 1/2
sing— —X __ e—gocosh, Vrvi=4-"2" sinq):%< P “’(92/91)) 2 (1.2)
\/ B+ 33 9% G2\ -y

In the model, effective "tree" couplings on the mass shell of externéitear are reproduced
by the sum of tree and one-loop quark and meson diagrams, they conteri\d®dscale and depend
on the mixing anglesp and6. So, the couplings incorporate both short-distance and long-distance
contributions; the "tree" couplings values are fixed from the data on meswparticle decays
with a sufficient accuracy. We suppose, these effective on-shetitee (not formfactors!) have
tensor structure of the bare vertices. From preliminary considerationifoivé that extra terms in
off-shell formfactors £ kH, wherek is the external momenta, for example) contribute into phys-
ical quantities (decay widths) no more tharl0%. Thus, firstly, there are loop diagrams, which
contribute into on- and off-shell couplings. Approximately, an accolitii@se corrections can be
reproduced by some multiplicative parameter in tree amplitudes. Secondéyatiedoop diagrams,
which cannot be reduced to contributions into the effective couplingvartdx formfactors. The
obvious difference between effective on-shell constant couplingsadf-shell formfactors (de-
pending on the NP cutoff parameter) prevents from the double-countitigeimodel. Note, in
these formfactors the internal particles masses interpret as the physssal o

Therewith, decays likeo — 11y, p — 11y, W, p — 37, 0 — yy and® — yy are described by
finite quark loop diagrams. With a good accuracy, the vertex couplings & tthiagrams can be
taken as the effectiveqq (o) tree constants in agreement with the experimental data. Note,
these arguments can be applied to the electromagnetic vertices too - the \@dicesormalized
by strong interactions, but the corrections from quark and meson leessrall in the case under
consideration. This fact is endorsed by calculations of loop procegsie®n-shell photons, in
particular,n® — yy (see below). Thus, the consistency and supportability of the approeetified
by the results for all types of possible reactions - both at the tree and théehos.

To fix the set of the gauge physical couplings and vacuum shifts, wexpsimentally ob-
servable mass spectrum and widths of some two-particle hadronic ddosstar mesons [11] -
in our model these processes occur at the tree level, fixing on-shell toeiplings.

Constantg,, sing (or g;) andcos are fixed from the experimental valuesidp™ — ™ 1),
F(p° — m"m) andTl(w — ). Then, the value ofjy can be extracted from the relation
e=0o- Go/(G3+ B2 (see (1.2).

Thus, from the experimental data and (1.2) we get the set of main paramelees:

g5/AT="7.32-10"3, g?/4m=2.86, g5/4m=2.81,
sing = 0.031 sin@ = 0.051 V2 43 ~ (2507 MeV)?. (1.3)
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2. Radiative decays of vector mesons

Due to two-level structure of the model, the meson-meson Lagrangian daswth tree and
loop level processes, while the quark-meson interactions occur asdotiibaitions only.

Radiative decays of vector mesop® — "y andw — 1t 1Ty are some test reactions
for the meson-meson sector of the gauge model. Obvious tree diagrani$qpetescribe these
processes with the pair™ 7 production.

Analytical form of the differential width for the process is presented B1.[1n Fig.1 curve
(1) describes the model fit of normalized spectrum of photdBEE, ) /dE, = 1/Tf; -dI' (E,)/dE,,
with a single free multiplicative parameter. It improves the description at theophow energy
range due to an account gf— dependence of couplings. Namely, normalizing the spectrum
by the theoretical valu€’,, the ratio depends on thp rr— formfactors at the different energy
scales because intermediate pions are off-shell. Totally, this multiplicatizengder increases
the ratio no more thaf8 — 10)%, due to the formfactors contribution. Curve (2) demonstrates
comparison of the spectrum with the experimental data [12, 13]. To destrbspectrum fine
structure neaEnay, it was suggested to consider the loop corrections (see [14, 15]) vdaich
not contribute in vertices formfactors. Integrating of the spectrum fEﬂ“h‘ = 50MeV up to
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Figure 1. Photons spectrum ip — 27y decay .

EJ'®*=m, (1—4mg/m3) /2, we get the value gd- meson branching(p® — " y) = 1.17-102
which slightly exceeds the experimental vaB¥P(p°® — " y) = (0.99+0.16) - 1072 [11].
However, an account of loop contributions (with the phenomenologiagblows) leads to even
more result:BP"®Yp® — mt 1 y) = (1.224:0.02) - 102 [14]. An excess 0B over BP can
be caused by the lack of experimental data at energy rapge75MeV.

Replacing cog — sing (sing ~ 0.034) andm, — m,, in the formula for the differential width,
we haveB(w — 11" 1T y) = 4.0-10~* andB(w — "1 y) = 2.6- 10~* for EJ'™ = 30MeV and
50MeV, respectively (it agrees wif*P(w — mrmy) < 3.6-107° [11]).

Certainly, loop corrections are important and in analogy with [14] they care@seB(w —
T y) up to(2—3)- 1073, Essentially, in the loop level processes all divergencies are summed
to zero when all external lines are on the mass shell [16].
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In the quark-meson models, radiative deca§sw — n°y and three-particle decays, p —
3rroccur via quark loops only with the gauge (tree) vertices. Correspgria-loop diagrams and
analytical expressions for the decaysp® — 1Py are in [10]. The Goldberger-Treiman relation
»x =~ Mg/ f defining the constant afqq and rq interaction had been used. From this relation
it also follows that vacuum shift =~ f;. Constituent quark mass value, as a free parameter, is
extracted from the widths fit.

The widths ofo®, w — mPy agree with the experimental data [11] if we takg= 175+5MeV
and keep an imaginary part of the amplitude as nonzero:

rtheor(w R nOy) = 0.7440.02MeV, rexp(w — noy) =0.764+:0.02MeV,;
rtheor(p0 . m0y) = 0.081+0.003MeV,  ®P(p° — Py) = 0.090+0.012MeV. (2.1)

Note, isotopic structure of vertices gives(p® — my)/I'(w — ny) ~ 1/32, and it is confirmed
by the results of calculations.

Taking the small valueny = (170— 180) MeV, we assume that the (constituent) quarks prop-
agate and annihilate in the internal NP hadron vacuum, so they are nasiremptotic states. l.e.,
the imaginary parts of amplitudes describe the constituent quark propagationthe distances,
where the NP effects are sufficiently large to bind the quarks into a rearmedstractive forces
between the quarks lead to the effective decreasing of their mass.dnstesvn "naive” idea can
be used: imaginary part of quark loop equals zero "by hand" [17,TI83n, from the above widths
we getmg = 280—290MeV. A further way to provide the "infrared confinement” was sutgges
in [19, 20] by the introducing of a special cutoff parameferas a common scale im— repre-
sentation of the process amplitude. In particular, from this proceduresttaydvidths follow in a
good agreement with the data,ng, = 280— 290MeV andA = 260MeV. At the same time, the
valueA = 210MeV leads to light quarkspy = 170— 180 MeV and nearly the same widths values.
In all cases, the ratid /mg=0.9—-1.2.

3. Effective vertices, two-gamma decays and scalar mesons

As itis known, decay® — yyis described by finite triangle quark diagrams. The decay width

a 2m§ arcsm%) (3.2)

r(T[O—> yy) = e omg

Numerically,I (m® — yy) = 8.48eV formg = 175MeV. If my = 300MeV, the width ig™ (1° —

yy) = 7.91eV. In the exact chiral limit [21] (1° — yy) = 7.63eV, and the experimental value is
in the interval 722eV < I'(1° — yy) < 8.33eV [11]. However, it should be taken into account:
a) a possible violation of the Goldberger-Treiman relation can be as muth-ad)% [22] (it
means a weal?— dependence of); b) n° — n— mixing can be noticeable for the case [23], )
loop corrections tyqq vertex are also significant. Namely, taking = 175MeV and decreasing
effectiverrgq coupling by 4% only, we gdi(m° — yy) = 7.82eV. To explain the discrepance with
the data, it is sufficient also to decrease the effective electromagnepirmyggq no more than
2% (it can be provided by small variation of NP scalejn the diverged triangles @foq and riqrt



The gauge model of quark—meson interactions V. Beylin

types). Moreover, for the decay amplitude imaginary part equals zenerbheless, introducing an
infrared cutoff withA = 100MeV, formy = 175MeV we have (° — yy) = 7.63eV. However,
nonuniversality of the paramet@rarises in the case. ifiy ~ 300MeV, from exact integration of
the amplitude we get a good agreement with the data.

From quark loops an effective couplings can be determined. ngé?;,,: (15—-17)GeVv?
and the model giveglisy = 145GeV 1 if my=175MeV, A = 250MeV;gheor = 17.7GeV* for
mg = 280MeV, A = 280MeV an 2‘5‘,’{: 16.4GeV-1 whenmy = 300MeV, A = 280MeV.

Analogouslygpry, = 0.723+0.037GeV ! andglie> = 0.743GeV ! whenmy = 280MeV, A =
280MeV; gryy = 0.276GeV ! andgifed” = 0.278GeV 1 my = 280MeV. For all these parameters
we get the ratiol /my = 0.9— 1.2, excepting light quark case withy = 175MeV.

Scalar isotriplefy(980) occurs in the model with an accuracy up to small mixing anges)d
6. Namely, from initial Higgs doublets withi = +1/2 after the spontaneous breaking, two charged
scalar combinations arise. They can be unified with the residual neutrgdarents to constitute
the isotriplet. In the simple case of zero mixing (then exact isotriplet structoeeges ang; = v,
but this equality should be slightly broken by electromagnetic for@esjp, andaap parts of the
Lagrangian have the form, where isovect(ps, p® p~) and(a*,a’,a") are introduced:

Lewp = J5V@GswH (@ pji +a"p, +a°pp) = 5 V803 WupG
Lagp = 502 [p%(d,at-a~ —dya -at) +pH(da -a—gual-a)
+p~H(8,a° at — duat-a0)] = S g qp b 30,8y (3.2)

Interaction of scalars witlr-mesons is described by the Lagrangian
L = (1010 4 277" 1) (gonG0 + 9t rfo + Gano) - (3.3)

There is an interesting feature of this sector: mixing angléefining the physical fields
o = cosy - gp+ siny - fo, fo = —siny - gp + cosy - fo can be equaled zero. Then, from explicit
expressions sify ~ (m? —a—b) = 0, my, = a— b we found: my, = my, ~ hv? — i + 32\, if
b=2A;vf ~ 0. It means\; ~ 0, so the termh1(H, Ha)? in the initial Lagrangian is damped. From
experimentally known (small) difference a§ and fo masses an estimation &f can be extracted,
becausém= 4A;v2. Also, from siny = 0 it follows ggpp = 0; as a consequence, scaléysap do
not interact with quark current directly.

Due to free parameters, it is possible to consider dominant decay chafselslar mesons
- f0(980) — mrand g = fo(600) — mrr [11]. Decayag — 1t is not observed, so froma,; =
h(v2 —v1)/v/2 it follows thatv, = v;. Exact symmetryy; = v», is not possible because it forbids
the suppressed (but observed) deaay> " .

At the tree level two-photon decays of scalar mesons are absent. €angid — yy decay,
we have triangle loop diagrams mediated by quarks, piagisand p-mesons. Due to above ar-
guments, vector meson loops are absent. Total amplitude of the proceagésigeariant without
any divergenciesMot(0 — yy) ~ (Quv - Kike — Ky, uKa,v) - [Mg-100p + Mr—100p + Mag—100p]- EXpETr-
imentally,®P(g — yy) = (1—5)KeV [11]. From the "naive approximation" we get"®*"(g —
yy) = (3—5)KeV for my = 280 MeV, m; = 450+ 50 Mev angr = (Mg — M) /2, beyond the
chiral limit. Besides['"®°(g — yy) = (2.5—5)KeV for my = 175MeV; in this case an agreement
can be achieved only g7 = (0.5— 1.5) of the chiral limit value anan; = 700+ 100 Mev. This
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value contradicts to known data, = 400— 500 MeV. Note, imaginary part dfl;,; is small for all
cases, andoaya, ~ 1/390mm-

Now, the "infrared confinement" procedure result§ t° (o — yy) = (1.5 — 2.5)KeV for
mg = 280MeV, m; = 500+ 50MeV andA = 260MeV. All these values provide good agreement
with the data foro — rrrand fp(980) — mrrrdecays. As t@y — yy andfp — yy, it has been found
in [24] that the decays can be explained only by four-(constituentkqueamponents of the mesons.
In the gauge model, these components are simulated by vector meson égpestdopp vertices)
and scalar meson loops (duefig@pag, forrt verices); analysis of these decays is in progress.

To include axial vector mesons and strange quarks, the model shou&hbeatized to chiral
SU(3) x SU(3). Then dominant decay channel of the scalar mesans«(KK decay, for example)
will be understood and calculable as a possible admixturkof- states into scalar structure.
Note, however, the decagy(980) — n can be described by the symmetry allowed extra term
~ NTH, T8Ha in the model Lagrangian.

4. Conclusions

The gauge quantum field approach is applied to low-energy hadronadtitera using the
Higgs mechanism in a framework of- model with the VMD. Residual Higgs degrees of freedom
allow to reproduceyp(980) and fp(980) scalars. Due to free parameters, the mass degeneration of
these mesons is explained. Deegy— miTis damped, as it is known from the expriment, two-pion
decays offp— anso— mesons agree with the experimental data well. We also conclude that the
two-quark components of scalar mesoag (o) are small - they occur at the loop level only.

Radiative decays of vector mesons (at the tree and loop level) and twogaecays o —
andr®— mesons are well described too, the valogs= 280 MeV andmg = (450— 550) MeV are
preferred by the analysis with the "infrared confinement" procedulso, Ahe values of effective
verticesgpwm, 9pmy, Iryy COrrespond to known experimental data.

So, the gauge renormalizable generalizatioroef model based oklp(1) x U (1) x SU(2)
group with the spontaneous symmetry breaking and the VMD is a reasonahtersequtive way
to consider radiative and hadronic decays of vector and scalar me&smm® important features of
scalar mesons spectrum are explained in the model due to interpretatiorefiteeons as vacuum
fields. Chiral generalization of the model should be done to include axiébwestates and other
scalar mesons into the gauge scheme.
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