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The ρ(770), ρ(1450), ρ(1700) mesons exist in three charged states ρ
0, ρ

+ and ρ
−, whereby

masses of positively charged mesons are identical with masses of negatively charged mesons, due
to the CPT theorem. However, there is no reason for the identity of charged meson masses with
neutral meson masses. For determination of differences of masses and decay widths of charged
and neutral ρ(770), ρ(1450), ρ(1700) mesons are employed the data on e+e−→ π

+
π
− an τ

−→
π
−

π
0
ντ processes to be analyzed by the Unitary and Analytic models of the electromagnetic and

weak pion form factors, respectively.
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1. Introduction

Rho meson ρ is strongly interacting particle compound of a mix of two u and d valence quarks.
It possess the isospin I = 1, so it exists in three charge states denoted by ρ

0, ρ
+ and ρ

−, each with
some value of mass and decay width. The small difference in the parameters between charge and
neutral states is the consequence of the breaking of isospin symmetry, which is possible due to the
difference in the masses of quarks and the effects of the electromagnetic (EM) interaction.

The current value of the difference of the parameters of neutral and charged rho mesons for
the ground state ρ (770) has the avarage value m

ρ
0 −m

ρ
± =−0.7±0.8MeV, resp. Γ

ρ
0 −Γ

ρ
± =

0.3± 1.3MeV [1]. For charged rho mesons parameters experiments give m
ρ
+ −m

ρ
− = 1.5±

0.8± 0.7MeV, resp. Γ
ρ
+ −Γ

ρ
− = 1.8± 2.0± 0.5MeV [2, 3]. In the past the determination of

ρ -meson parameters from processes including the pion-proton interactions π
±p → π π n [4, 5],

the proton-antiproton annihilation pp→ π
+

π
−

π
0 [6, 7], e+e−→ π

+
π
−

π
0 annihilation [2, 8], τ

−-
lepton decay processes [9] has been performed predominantly by Breit-Wigner formalism. Such
formalism yields high experimental uncertainties (see Tab. 1). Moreover, the using of not the
same Breit-Wigner functions for the analyses of the spectra of processes inserts into the results a
considerable model dependence.

∆m = m
ρ

0−m
ρ
± [MeV] Processes Literature

2.4±2.1 π
±p→ ρ N [4]

−5.0±5.0 pp→ ρ π [6]
−4.0±4.0 π

−p→ ρ N [5]
1.6±1.9 pp→ π

+
π
−

π
0 [7]

1.3±2.3 e+e−→ π
+

π
−

π
0 [8]

0.4±0.9 e+e−→ π
+

π
−

π
0 [2, 3]

−2.4±0.8 τ
−→ π

−
π

0
ντ , e+e−→ π

+
π
− [9, 10]

−0.7±0.8 PDG weighted average [1]

Table 1: Mass difference of neutral ρ
0 and charged ρ

± mesons for the state ρ (770).

In connection with the updated e+e− → π
+

π
− annihilation data [11, 12] we propose to use

the unitary and analytic (U&A) model of EM pion FF to determine precisely the ρ -meson family
parameters. On the other hand such approach allows us to use also the accurate weak pion FF data
from the measurement of τ

−lepton decay [13] through derived connection between EM and weak
pion FFs which is allowed by conserved vector current hypothesis [14].

2. U&A model of EM pion FF

The unitary and analytic model of the pion EM form factor is a phenomenological approach,
based on the synthesis of the experimental fact of a creation of neutral ρ (770), ρ (1450), ρ (1700)
mesons in the process e+e−→ hadrons. The model has builtin the asymptotic behavior Fπ(t)|t→−∞∼
t−1 as the consequence of QCD asymptotic freedom Fπ(t)|t→−∞∼−

16π f 2
π αs(t)
t , ( fπ = 92.4±0.2MeV
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– weak pion decay constant, αs(t) – QCD running coupling constant) and all other known its theo-
retical properties. Due to the possessing analytic properties it is still the most successful way of a
reconstruction of the EM pion FF behavior in space-like and time-like regions simultaneously.

This approach leads to U&A model of EM pion FF defined on four-sheeted Riemann surface
to be by the expression

FE,I=1
π [W (t)] =

(
1−W 2

1−W 2
N

)2
(W −WZ)(WN−WP)

(WN−WZ)(W −WP)

×
{(WN−Wρ)(WN−W ∗ρ )

(W −Wρ)(W−W ∗ρ )
·
(WN−1/Wρ)(WN−1/W ∗ρ )

(W −1/Wρ)(W −1/W ∗ρ )

( fρππ

fρ

)
+ ∑

v=ρ
′ ,ρ ′′

[(WN−Wv)(WN−W ∗v )
(W −Wv)(W−W ∗v )

· (WN +Wv)(WN +W ∗v )
(W +Wv)(W +W ∗v )

]( fvππ

fv

)}
(2.1)

with the conformal mapping

W (t) = i
√

qin +q−√qin−q
√

qin +q+
√

qin−q
, q =

√
t− t0

4
, qin =

√
tin− t0

4
(2.2)

of four-sheeted Riemann surface in t-variable into one W -plane. The complex conjugate poles
on unphysical sheets correspond to unstable ρ -meson resonances, t0 = 4m2

π is the lowest branch
point and tin is an effective parameter which takes into account contributions of all higher branch
points on the positive real axis. WZ and WP are the zero and the pole by means of which the left-
hand cut contribution to the pion FF on the II. Riemann sheet is simulated and their values can be
found in the interval (0,1) for t ∈ (−∞,0). The ratios fvπ π / fv consist of two-pion decay coupling
constants, fvππ and the universal vector-meson coupling constants fv, defined through the photon-
vector-meson coupling constants g

γ
∗v as fv = em2

v/g
γ
∗v. The ratios of coupling constants for higher

excited states ρ (1450) and ρ (1700) (in our notation ρ
′ , ρ

′′) can be expressed by the forms( f
ρ
′
ππ

f
ρ
′

)
=

1
N

ρ
′

|W
ρ
′ |4
−

N
ρ
′′

|W
ρ
′′ |4

×
{

1−
( N

ρ
′

|W
ρ
′ |4
−
[
1+2

WZWP

WZ−WP
ReWρ(1−|Wρ |

−2)
]
Nρ

)( fρππ

fρ

)}
,

( f
ρ
′′

ππ

f
ρ
′′

)
=

1
N

ρ
′

|W
ρ
′ |4
−

N
ρ
′′

|W
ρ
′′ |4

×
{
−1+

( N
ρ
′′

|W
ρ
′′ |4
−
[
1+2

WZWP

WZ−WP
ReWρ(1−|Wρ |

−2)
]
Nρ

)( fρππ

fρ

)}
Nρ =(WN−Wρ)(WN−W ∗ρ )× (WN−1/Wρ)(WN−1/W ∗ρ ),

Nv =(WN−Wv)(WN−W ∗v )(WN +Wv)(WN +W ∗v ), v = ρ
′ ,ρ ′′ ,

which reduce the number of physically interpretable free parameters of our model, i. e., tin, mρ ,
Γρ , fρππ/ fρ , m

ρ
′ , Γ

ρ
′ , m

ρ
′′ , Γ

ρ
′′ , WZ and WP. The non-zero widths of ρ -meson resonances are

incorporated in the model by the relations Wv(t) =W (t)|
t=(mv−i

Γv
2 )2 .
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Parameter
ρ

0 (e+ e− data) ρ
± (τ− data) ∆(ρ0−ρ

±)
[MeV] [MeV] [MeV]

mρ (770) 758.23±0.46 761.60±0.95 − 3.37±1.06
mρ (1450) 1342.31±46.62 1373.83±11.37 −31.53±47.99
mρ (1700) 1718.50±65.44 1766.80±52.36 −48.30±83.81
Γρ (770) 144.56±0.80 139.90±0.46 4.66±0.85
Γρ (1450) 492.17±138.38 340.87±23.84 151.30±140.42
Γρ (1700) 489.58±16.95 414.71±119.48 74.87±120.67

Table 2: U&A model values of fitting parameters for the masses and decay widths of ρ
0 (for e+e− data) and

ρ
± (for τ

−-lepton decay data) mesons and their excited states.

The experimentally observed ρ –ω meson interference effect was included as the second term
in the expression for the total cross section σtot

σtot(e
+e−→ π

+
π
−) =

πα
2
β

3
π

3t

∣∣∣∣FE,I=1
π (t)+ReiΦ m2

ω

m2
ω − t− imω Γω

∣∣∣∣2, (2.3)

in the form of corrected parametrization by the Breit-Wigner formula where βπ = (1−4m2
π /t)1/2

and R is the ρ –ω interference amplitude (free parameter). The corresponding phase Φ is given
through the ρ - and ω -meson parameters by the relation

Φ = arctan
mρ Γρ

m2
ρ −m2

ω

. (2.4)

The expression in Eq. (2.3) was used for the fitting procedure of the experimental points in the
region −9.77GeV2 ≤ t ≤ 13.48GeV2. The most important from the experimentaly measured
data are the accurate KLOE data [15] at the energy range 0.35GeV2 ≤ t ≤ 0.95GeV2 obtained
in Frascati by the radiative return method and also the corrected Novosibirsk CMD-2 data [11]
at the range 0.36GeV2 ≤ t ≤ 0.9409GeV2 and SND data [12] at the range 0.1521GeV2 ≤ t ≤
0.9409GeV2, which can influence the finite results substantially. They are supplemented at the
interval−9.77GeV2 ≤ t ≤ 0.3364GeV2 and 0.9557GeV2 ≤ t ≤ 13.48GeV2 by other existing data
[16, 17, 18].

3. Weak pion FF

Conserved vector current hypothesis allows one to relate the isovector part of the weak spectral
function vI=1

0 (s) characterizing the π
+

π
− system (s is the invariant mass squared of such system)

with the spectral function v−(s) of π
−

π
0 system. Because there also exists the dependence of the

spectral function and pion form factor, one can relate FE,I=1
π – EM pion FF with FW

π – the weak
pion FF through the relation (see [14])

FW
π =

√
2FE,I=1

π . (3.1)
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Figure 1: The comparisson of values for mass difference of neutral ρ
0 and charged ρ

± mesons for the state
ρ (770).

In such a way it was possible to use the same U&A model of EM pion FF for the description of the
weak pion FF data from τ

−-lepton decay into two pions in the whole kinematic region in contrast
to previous model dependent approaches. The fitting procedure was performed only with the high-
statistics measurement [13] of the weak pion FF from τ

−→ π
−

π
0
ντ decay with the Belle detector

at the KEK-B asymmetric-energy e+e− collider as they are charged by the lowest total errors in
comparison with previous measurements done by ALEPH [9] and CLEO [19].

4. Conclusions

In contrast to previous approaches to determine the ρ -meson family parameters, we have ap-
plied new phenomenological approach based on e+e−→ π

+
π
− and τ

−→ π
−

π
0
ντ data analysis

by the advanced pion EM structure model in which ρ -mesons are considered as complex poles on
unphysical sheets of the Riemann surface. The complex U&A models of EM and weak pion FF
allow one to determine the masses and widths for neutral and charge rho mesons and their exci-
tations precisly. Our result (see Fig. 1) for m

ρ
0 −m

ρ
± = −3.37±1.06MeV is in the coincidence

with the last published value [9].
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