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Elastic meson form factors in a unified scheme
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The extraction of elastic form factors for mesons in the context of the contact interaction model is revisited in this manuscript. The dressed
masses of quarks and mesons are determined through the gap and Bethe-Salpeter equations. The generic elastic scattéfingprbtess

is studied for the mesol formed of two differently flavored quarks. The charge radii of scalar, pseudoscalar, vector and axial-vector mesons
are also extracted by virtue of explicit calculation of the meson elastic form factors.
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1. Introduction Firstly, the dressed mass of the constituent quarks is calcu-
_ o } lated in this model. Then, the solution of the Bethe-Salpeter
The correct and precise description of hadron properties fromquation (BSE) to compute the meson masses is detailed. Fi-

chromodynamics (QCD) helps us understand with great premdii in this unified scheme.

cision the Standard Model of particle physics in the regime
of asymptotic freedom. However, hadrons are manifestationi . . .
of other emergent properties of QCD, namely, the dynamicaf Contact interaction and the gap equation

chiral symmetry breaking (DCSB) and confinement. A stan?.l_O study the internal structure of mesons in fhiey — M

dard method to investigate the internal structure of hadrons '5rocess we first need to determine the dressed mass of the
by the extraction of their form factors (FF). The prediction quuarks which constitute the probed meson. In the CI model,

Fheer:grsat'\tle QCDAfor heI|C|Ct?1/ tzhe;:) meson FF [1], shows thatit is calculated through solving the gap equation for the quark
Xist€)o > Aqep, SU propagator, given by

Q*>Q} 4
Q*Fo-(Q%) ~ = 16w (Q*) fo-wi-(Q%), (D) 1 / d’q _
. ' _ N S(p, My)™" =iy -p+mg+ 2m)i? Dy (p—q)
wheref,- is the meson’s leptonic decay constant(Q<) is
. _ . _ . A(L /\(1,
the leading-order strong running-coupling and % 77;@((1’ m)?Fu(q,p), 3)
1
wo- (Q%) = l/dx 1 vo- (2:Q?), (2) whereS(p,m) = (p* + m2)7.1 is the quark propagatod/,
3 , z is the dressed quark mass, is its current valuey* and\®

. are the Dirac and Gell-Mann matrices respectivElyjs the
whereyp,- (z; Q%) is the meson’s dressed-valence-quark parquark-gluon vertex and,,,, is the gluon propagator. In per-
ton distribution amplitude. In this work, the elastic scatteringhaps the simplest truncation scheme, we condiges ,.

processM~y — M between a mesof/ and a photony is  To solve Eq.8) analytically, we use the Cl model. Hence the
analyzed, with the purpose of extracting information on thegluon propagator takes the form [2],

internal structure of mesons.
We start by providing the key ingredients for the calcula- 92Duu(P —q) = 5#1/% 7 (4)
tion of the FF of mesons in the contact interaction (CI) model. mg
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with m¢ being the gluon mass parameter. The solution of iS
Eq. (3) gives dressed masses of the quarks. They are founc . "
by solving the transcendental gap equation, /d

/4
Mo _cin(ar2), 5) @ = @@ 3
¢ AN

3m2m2
| 0O
where CW(.’E)/QS = F(—l,l‘TUv) - F(—l,l‘TIR), with . <+
I'(a,b) the upper incomplete gamma function, angd and iS
Tyv parameters that regularize the integral [3, 4].

My, =mg+

FIGURE 1. Diagrammatic representation of the BSE. Blue (solid)
circles represent dressed quark propagatonsed (solid) circle is
the meson BSA and the blue (solid) rectangle is the dressed-quark-

3. Bethe-Salpeter equation antiquark scattering kernéd.

Meson masses are computed through the BSE. This equation

in the Cl model, reads as [5], hereaIR aIR/mg = 1/(47rm%,), with mg = 500 MeV

the mass of the gluon generated dynamically in QCD [6] and,
4 1 d*
Ik; P)=—-— P 6
(k:P)= 37 [ Gr@Pr”. @
EE — /da {C’Lu w1
wherex(q; P) = S(¢ + P)I'(¢; P)S(¢) andT'(g; P) is the
Bethe-Salpeter amplitude (BSA}, is the external relative

momentum and? the four momentum of the meson. EB8) ( +(M Mg — a(l — a)P? — wl)ﬁl“(wl)} , 9)
can be represented diagrammatically as Fig. 1.

We remark that the BSAs are necessary for the calculation
of the M~ — M process in our approach. They encode the Kgp = M /da Mg+ a My)Cy" (1), (10)

interaction properties between the meson and its constituent
guarks. In the context of the CI, the BSA can be decomposed

as, Kih = SL£KES, (11)
I (p) = A"(P)E"(P) + B (P)F(P), (7) 1/
KPS = 5/da(( 1)MZ — MMy, — M)
with H = S,PS,V, AV, representing the four kinds of 0
mesons: Scalar (S), Pseudoscalar (PS), Vector (V) and Axial- i
Vector (AV). x €y (w), 12)

The coefficientsAy and By are functions of Dirac ma-
trices, P, and the reduced mass of the constituent quarkg,\,heretu1 M2 + aM? + a(l — a)P? and giu(z) _
q
Mp = M,My/(M, + My). The tensor structure used in ciu(,) /> — (0 2 7iy) — (0, 2 7). Finally, the eigen-

this work is shown in Table 1. value equation, Eq8], has a solution aP? = —m2,. In the
In the case of pseudoscalar mesons the BSE can be wrigase of vector, axial-vector and scalar mesons, respectively,
ten in terms ofE°S and F'*S as the BSE read as
e ]t [y K1) 1
FPS(P 3 K K F™(P) |~ 24 —iu
( U FE FF ICV(PQ) _ ?O:IR /daEV(PQ)Cl (w1)7 (13)
Y[y
0
TABLE |. BSA for scalar, pseudoscalar, vector and axial-vector ) 241R 1 ) —
mesons. In herey,! satisfiesy, P* = 0. Kav(P?) = 31 /da(C{“(wl) + La(P7)Cy (w1)),
0
BSA A(P) B(P) (14)
s t1p - 1
res ivs #75(7 . P) 2\ 4R o\ FiU
. 5 2Mp 3 Ks(P?) = 3 da [EG(P )Cy (w1)
m o
0
FAV V5 'VE _ . —=iu
~ (e wn) - w)] (15)
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where Considering that the photon interacts with the quark while
the anti-quark is a spectator, Feynman rules permit us to write
Ly(P?) = Mg M, — (1 — )M}, this process as,
2 2
- an - 2&(1 - a)P ’ (16) A(u)u(a) =2 Nc Tr iré\g)(—pg)SF(t +p2, Mq)F“
Lg(P?) = M;Mg + a(1 — a)P?. (17)

X Sp(t+pr, M)l ()Se(t, M) . (20)
The solutions of Eqs/1@)-(15) provide masses of the vector

(mv), axial-vector n.av) and scalargs) mesons when, wherel',, = iPr(Q*)~" is the photon-quark dressed vertex,
Pr(Q?) is the dressing function [18], and the subscript be-
14+ (—1)iICj(—m§) =0, (18)  tween parentheses indicates that the meson may or may not
have Lorentz indices,e. A, shall be understood for scalar
with ¢ = {0, 1,0} for j = {S, V, AV}, respectively. and pseudoscalar mesons ang,, shall be used for vector

The procedure described above provides good pheand axial-vector mesons. The dressing function is given by
nomenological results in the case of vector mesons an®r(Q?) = (1 + K,(Q?))~*, where
flavour non-singlet pseudoscalar meson ground-states [7— 1
11]. For the parity partners, spin-orbit repulsion has to be 9 1 -
taken into account [12—-16]. In the ClI, a phenomenologicall Ky (Q7) = 32my, /do‘o‘(l — @)@ Ci(w), (21)
couplinggso < 1is introduced as a multiplicative common 0
factor to the kernels. The numerical values for mesons withyitn , — qu +all—a)Q2

J=0%,1" are [17], In the case of scalar and pseudoscalar mesons, there is
o+ o+ only one electromagnetic FF§'3g. On the other hand, vec-
9so =0.32, ggo =0.25. (19)  tor and axial-vector mesons have three form factors due to

. 1,2,3
To conclude this section, it is important to remark that thethe'r tensor structurefy, 'y [19]. In terms of these FFs, the

: . lectri magneti n rupol FFs ar
solutions of Eq. 8) and Egs. [13)-(15) constrain the values electric (), magnetic () and quadrupole(to) FFs are
of E andF¥. These quantities in turn are crucial in subse-

2
_ 1 “ — _ 2
guently computing the elastic FF of mesons. Gp=F+ SHGQ » Gu F (22)

Go=F'+F?+(1+n)F?, (23)

4. Elastic form factors of mesons wheren = @Q?/(4m%) andmy is the meson mass. After

Elastic meson FF are calculated from the triangle diagram fofie'[a'kEd analytical calculations, all FF can be written as,

M~ — M, with a quark and an anti-quark circulating in the 1
loop, see Fig. 2. We point out that in this article the meson is Fij(QQ) - /da dBa
considered to be made of two differently flavoured quarks.

0
x (AT C1(ws) + (B] = Al wn)Cawn)) . (24)

with ¢ = {S,PS,V,AV} andj = {em} for the scalar
and pseudoscalar mesons scenario ard {1, 2, 3} for the
vector and axial-vector mesons case. In addit®s(z) =
(exp(—2z13y) — exp(—z7(y)) /(22) andws = a M2 +(1—

@) M2, — a1 —a) Mg +o? 3 (1—3) Q. Naturally, the cal-
culation of the FF also yields information of the magnetic
and quadrupole moments for vector and axial-vector mesons,
defined as

Gu@*=0)=p", Go*=0=9Q, (25

with i = {V, AV}, and these results can be also compared
with experimental observation. Note that in the case of
mesons composed of differently flavored quarks, we define
the meson FEF/, as the sum of two contributions since the
photon can interact either with the quark/, or with the
FIGURE 2. Feynman diagram for th&/~ M vertex which permits ~ anti-quark,F”/. Then [20],

the extraction of elastic meson FF of all mesons. Labelling of in- A2 A2 —i o
ternal momenta is included in the diagram. FHQ7) = e (Q7) + g7 (Q7), (26)
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with e, ande; the quark and anti-quark charges respectivelywork of the Cl model has been presented in detail. The deter-
The procedure described up can readily be adapted for nemination of the dressed quark and meson masses according to
tral meson with same flavored quarks. the gap and BSE helps constrain the parameters of the model.
Finally, once the analytic expression of the coefficieits The study of theliv — M process is presented in order to
and B are obtained, the comparison between the Cl modeéxtract the elastic FF of mesons formed with two differently
and the experimental results can also be carried out througtavored quarks. Once the general expression is found, the
the charge radii of different mesons, computed through theharge radii of scalar, pseudoscalar, vector and axial-vector

re

lation

2
7"7;:6

d 2 S
T@FZ(Q ) Q2=0 ’ t= {Sa PS, Va AV} . (27)

mesons can also be computed and compared with experimen-
tal results. Finally, interesting information such as the mag-
netic and quadrupole moments can also be obtained in order

This observable can constrain several models for mesoniQ €stablish the extent of validity of the Cl model more real-
The most important feature of the FF is the dependence ofstically.

Q2. In Ref. [2], it is pointed out that the behaviour of the
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